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Abstract

Background: The antimicrobial resistance
status of one pathogen is always involved with
many antibiotics. Some antibiotics may have
decreased susceptibility while increased sus-
ceptibility in others, making it difficult to quan-
tify the overview of resistance situation. The
antibiotic options index (AOI) can present this
status as the probability of effective antibiotic
treatment.

Objectives: This study aimed to identify
problematic pathogens using the antibiotic
options index among 8 commonly found patho-
gens isolated from blood specimens in Thailand
from 2014 to 2018.
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The antibi-

otic susceptibilities of the 8 commonly found

Materials and Methods:

pathogens isolated from blood specimens were
collected from the national antibiogram 2014
- 2018 published by the NARST official website.
The antibiotic options index was generated and
presented as AOI_, which refers to the proba-
bility of having at least 2 effective antibiotics
out of m antibiotic options. The AOI of the pri-
mary (1° A0l 2) or secondary antibiotic options
(2° A0l 2 lower than 80% has been defined as
a problematic pathogen.

Results: During 2014 - 2017, 5 problem-
atic pathogens had 1° AOI  below 80% were
Acinetobacter baumannii, Escherichia coli,
Klebsiella pneumoniae, Enterococcus faecium,
and Streptococcus pneumoniae; while in 2018,
it had the same problematic pathogens as in
2014-2017 except A. baumannii. During 2014 —
2018, a problematic pathogen that had 2° AOI
below 80% was A. baumannii.

Conclusions: During 2014-2017 there were
5 problematic pathogens had 1° AOI  below
80%, whereas there were 4 pathogens in 2018.
One problematic pathogen that had 2° AOI

below 80% was found during 2014 — 2018.

Keyword: antibiotic options index, antimicrobial
resistance, commonly found pathogens, pro-

blematic pathogen, Thailand
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Introduction
Antimicrobial resistance decreases the
effectiveness of antibiotic treatment, leading to
an increase in mortality rates, length of hospital
stay, and associated healthcare costs."”” Tackling
the impact of emerging antimicrobial resistance
requires several key strategies,” including opti-
mizing antibiotic use,’ preventing the spread
of resistant strains,”® supporting the creation
of new drugs,” and increasing the efficiency of
resistance status monitoring.*” Managing anti-
microbial resistance requires cooperation from
all stakeholders, including government, private,
and civil society sectors. Therefore, it is essential
to communicate a simplified message regarding
the antimicrobial resistance status. At present,
the antimicrobial resistance situation is general-
ly presented as the susceptibility to individual
antibiotics. However, the antimicrobial resis-
tance status always involves several antibiotics.
It is difficult to quantify the overview of resis-
tance status because some antibiotics show a
decrease in susceptibility over time while others
increase. The antibiotic options index (AOI) can
solve this limitation by presenting the resistance
situation as the probability of effective antibiotic

treatment.™

Objectives

Our study aimed to use AQI to identify the
problematic pathogens from eight commonly
found pathogens isolated from blood speci-
mens in Thailand during 2014 - 2018.

Materials and Methods

Data collection

nsszywenalsaniilymineanlulsenalne
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Antibiotic susceptibilities of eight com-
monly found pathogens isolated from blood
specimens were collected from the national
antibiogram 2014 - 2018 published by the NARST
official website."" Then AOI trends were gene-
rated for Acinetobacter baumannii, Escherichia
coli, Klebsiella pneumoniae, Pseudomonas
aeruginosa, Enterococcus faecium, Enterococ-
cus faecalis, Staphylococcus aureus, and Strep-
tococcus pneumoniae. If susceptibility data is
missing in some years, we substituted it with
data of the new-nearest year. The Khon Kaen
University Research Ethics Committee has con-
firmed that no ethical approval is required.

Antibiotic options index calculation

Antibiotic options index (AOI) calculation
method was published in 2016, the reader can
explore more detail from this article.”” The AOI
calculation in this study was performed by the
AQI calculation program, which can request
via e-mail: tawtan@kku.ac.th. AOI calculation is
created based on the probabilistic theory of
multiple independent events. In an antibiogram,
antibiotic susceptibility testing results can be
either susceptible (S) or resistant (R); interme-
diate susceptibility is assumed to be resistant.
When two antibiotics are tested, there will be
four possible susceptibility patterns: SS, SR, RS,
or RR. The total number of possible susceptibili—
ty patterns from testing multiple antibiotics can
be calculated by 2", where m is the number of
antibiotics. For instance, if three antibiotics were
tested, there would be eight possible suscepti-
bility patterns, as shown in Table 1. According
to the principle of independent events, one

antibiotic susceptibility is assumed to be inde-
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pendent of the other one. As a result, we can
calculate the probability of a susceptibility
pattern by multiplying possibility proportions
altogether. As in Table 1, we assumed suscepti-
ble proportions of three antibiotics to be 0.3, 0.4,
and 0.8. The resistant proportions can be calcu-
lated by subtracting the susceptible proportion
from 1, which are 0.7, 0.6, and 0.2, respectively.
Probability of susceptibility pattern 1 (5SS) is
0.096, come from 0.3 x 0.4 x 0.8. For the other
patterns, do similarly. AOI presents as a proba-
bility of having antibiotic options that can effec-
tively treat a given pathogen. At its most basic,
the workable pattern should have at least one
effective antibiotic (AO|m1’ the probability of at
least one effective antibiotic out of m antibiotic
options). The eligible patterns are the ones with
at least one susceptible result, patterns 1 - 7.
AQI, can be calculated by aggregating eligible
pattern’s probabilities, which is 0.914 or 91.4%
(Table 1). However, some patients may have
clinical limitations, such as a severe drug allergy

or a failure of responding to the drug, causing

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:1-14

a restriction of antibiotic treatment choices. To
ensure having sufficient treatment choices, we
defined an eligible pattern as a pattern with at
least two effective antibiotics. As a result, the
patterns that meet the criteria are patterns 1
(SSS), 2 (SSR), 3 (SRS), and 5 (RSS). AOI_ is a sum
of these probabilities, which is 0.488 or 48.8%
(Table 1).

In conclusion, the antibiotic options index
is denoted by AOI , representing the treatment
probability of at least two effective antibiotics
out of m antibiotic options. Besides, we classi-
fled the severity of situation into three zones
based on the AQI value: safe zone (AOIm2 >
90%), warning zone (AOIm2 > 80% and < 90%),
and unacceptable zone (AOl < 80%). AOI of
primary or secondary antibiotic options lower
than 80% is determined as a problematic patho-
gen.

Antibiotic options

We classified antibiotic options into pri-
mary and secondary options by following the

guidance of suggested groupings of antimicrobial

Table 1. Antibiotic Options Index (AQI) calculation for three antibiotics

Pattern no.  Susceptibility patterns  Probability for AOI, |

Probability for AOI,

1 SSS 0.3 x 0.4 x 0.8 =0.09
2 SSR 0.3x0.4x0.2=0.024
3 SRS 0.3 x0.6x0.8=0.144
4 SRR 0.3 x0.6 x0.2=0.036
5 RSS 0.7x0.4x 0.8 =0.224
6 RSR 0.7 x 0.4 x 0.2 = 0.056
7 RRS 0.7 x 0.6 x 0.8 = 0.336
8 RRR

ACI =0.914
31

0.3 x 0.4 x 0.8 = 0.096
0.3x0.4x0.2=0.024
0.3x0.6 x0.8=0.144

0.7x 0.4 x 0.8 =0.224

AOI = 0.488

Manomayitthikan T, Kessomboon N, Usayaporn S
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agents for testing and reporting on organisms
published by the Clinical and Laboratory Stan-
dard Institute (CLSI), 2018" as follows: 1) Primary
antibiotic options were selected from group A
antimicrobial agents, considered appropriate
for routine reporting of results for the specific
organism. 2) Secondary antibiotic options were
chosen from group B and C antimicrobial agents,
reserved for use when the organism is resistant
or fails to respond to agents in group A. 3) The
selected antibiotic options must be existing in
the NARST’s antibiogram to ensure that the
susceptibility rates are available. 4) According
to the probabilistic theory of multiple indepen-
dent events, one antibiotic susceptibility result
is assumed independent of another. Therefore,
if more than one choice is in the same antibiotic
class, we selected either one with the highest
susceptibility rate to represent the class. The
primary and secondary antibiotic options are

shown in Table 2.

Results

National trends of the antibiotic options
index during 2014 - 2018

During 2014 - 2017, we found that 1° AOI
identified five problematic pathogens including
A. baumannii, E. coli, K. pneumoniae, E. faecium,
and S. pneumoniae, whereas, in 2018, A. bau-
mannii was not. When considered by 2° AOl
only A. baumannii was a problematic pathogen
during the study time (Table 3).

Acinetobacter baumannii

1° AOI52 (@ampicillin-sulbactam, ceftazi-
dime, gentamicin, levofloxacin, and imipenem)

was 72.9% in 2014 stayed in the unaccepta-

nsszywenalsaniilymineanlulsenalne
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ble zone, and 81.6% in 2018 was placed in
the warning zone (Fig. 1). 2° AOI42 (amikacin,
cefepime, cotrimoxazole, and piperacillin-tazo-
bactam) was 58.5% in 2014 and 72.9% in 2018;
both had stayed in the unacceptable zone. An
uptrend of 1° ACI and 2° AOI | during 2014 -
2018 resulted from all susceptibilities increasing.
Primary option susceptibilities included ampi-
cillin-sulbactam, ceftazidime, gentamicin, levo-
floxacin, and imipenem increased from 40.9% to
45.4%, 43.2% to 46.5%, 46.4% to 53.9%, 44.6%
to 54.8%, and 44.8% to 50.2%, respectively.
Secondary option susceptibilities included ami-
kacin, cefepime, cotrimoxazole, and pipera-
cillin-tazobactam raised from 53.3% to 60.1%;
42.0% to 50.6%; 36.8% to 54.3%; and 41.9% to
45.7%, respectively. In 2018, ranking from the
highest antibiotic susceptibility were amikacin
(60.1%), levofloxacin (54.8%),
(54.3%), gentamicin (53.9%), cefepime (50.6%),
imipenem (50.2%), ceftazidime (46.5%), pipera-

cotrimoxazole

cillin-tazobactam (45.7%) and ampicillin-sulbac-
tam (45.4%) (Fig.1).

Escherichia coli

1% AQI (ampicillin, cefazolin, and gen-
tamicin) was 33.1% in 2014, and 36.4% in 2018
both had stayed in the unacceptable zone (Fig.
2). 2° AOI62 (amikacin, ceftazidime, cotrimoxazole,
levofloxacin, meropenem, and piperacillin-tazo-
bactam) was 99.9% in 2014, and 2018 placed in
the safe zone. In 2018, ranking from the highest
antibiotic susceptibility were meropenem (98.6%),
amikacin (98.3%), piperacillin-tazobactam (93.6%),
ceftazidime (71.3%), gentamicin (70.7%), levo-
floxacin (59.2%), cotrimoxazole (45.9%), cefazolin
(38.8%), and ampicillin (16.0%) (Fig.2).
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Table 2 Primary and secondary antibiotic options for eight common pathogens

Pathogens Primary antibiotic options Secondary antibiotic options
Acinetobacter Ampicillin-sulbactam, ceftazidime, genta- Amikacin, cefepime, cotrimoxazole, piperacil-
baumannii micin, fluoroquinolones?, carbapenemsb. lin-tazobactam.

Escherichia coli

Klebsiella pneu-

Ampicillin, cefazolin, gentamicin.

Cefazolin, gentamicin.

Amikacin, fluoroquinolones®, carbapenemsb,
beta-lactam plus beta-lactam inhibitor®, cepha-

Losporinsd, cotrimoxazole.

Amikacin, fluoroquinolones®, carbapenemsb,
beta-lactam plus beta-lactam inhibitor®, cepha-

losporins?, cotrimoxazole.

Amikacin, cefepime, fluoroquinolones®, carba-

penems”.

Gentamicin, fluoroquinolones®, tetracycline,

vancomycin.

Clindamycin, levofloxacin, tetracycline, vanco-

moniae

Pseudomonas Ceftazidime, gentamicin, piperacillin-ta-
aeruginosa zobactam.

Enterococcus Ampicillin, gentamicin (120 mcg), vanco-
faecalis mycin®.

Enterococcus Ampicillin, gentamicin (120 mcg), vanco-
faecium mycin®.

Staphylococcus  Clindamycin, cotrimoxazole, erythromy-
aureus cin, cefoxitin (oxacillin).

Streptococcus Cotrimoxazole, erythromycin, penicillin.
pneumoniae

mycin.

Note: * Fluoroquinolones: ciprofloxacin or levofloxacin; ° Carbapenems: imipenem or meropenem;  Beta-lactam

plus beta-lactam inhibitor: amoxicillin-clavulanate or ampicillin-sulbactam or piperacillin-tazobactam; ¢ Cephalo-

sporins: cefuroxime or ceftriaxone or ceftazidime or cefepime. If more than one choice is in the same class, we

select either one with the highest susceptibility rate to represent the class. ©For E. faecalis and E. faecium, ampi-

cillin was merely an option in group A. As the AOI principle needs at least two antibiotic choices; therefore, we

included antibiotic choices in groups B and C as the primary option.

Klebsiella pneumoniae

17 AQI  (cefazolin and gentamicin) was
50.0% in 2014, and 51.6% in 2018 both stayed
in the unacceptable zone (Fig. 3). K. pneumo-
niae has intrinsic resistance to ampicillin; hence
ampicillin cannot be used as the primary option.
2° AOI62 (amikacin, ceftazidime, cotrimoxazole,
levofloxacin, meropenem, and piperacillin-ta-

zobactam) was 99.9% both in 2014, and 2018

placed in the safe zone. In 2018, ranking from
the highest antibiotic susceptibility were ami-
kacin (94.0%), meropenem (89.6%), gentamicin
(86.0%), levofloxacin (78.8%), piperacillin-tazo-
bactam (77.4%), cefepime (70.6%), cotrimoxa-
zole (66.8%), cefazolin (59.8%) (Fig.3).

Pseudomonas aeruginosa

1° AOI32 (ceftazidime, gentamicin, and pi-

peracillin-tazobactam) was 90.2% in 2014 and

6 Manomayitthikan T, Kessomboon N, Usayaporn S
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Table 3 Problematic pathogens identified by 1° and 2° AOI  during 2014 - 2018
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Pathogens 1° AOI 2° AOI
2014 2015 2016 2017 2018 | 2014 2015 2016 2017 2018

Acinetobacter baumannii X X X X / X X X X X
Escherichia coli X X X X X / / / / /
Klebsiella pneumoniae X X X X X / / / / /
Pseudomonas aeruginosa / / / / / / / / / /
Enterococcus faecalis / / / / / S S = =

Enterococcus faecium X X X X X = = = = =
Staphylococcus aureus / / / / / / / / / /
Streptococcus pneumoniae X X X X X / / / / /

Note: X refers to AOI lower than 80% identified as a problematic pathogen; / refers to AQI  more than 809%;

- refers to the 2° AOImz were not calculated because there were a few antibiotic choices. We included all

choices into the primary option.

== Ampicillin-sulbactam (%sS) ks Ceftazidime (%S) bl Gentamicin (%S)
k! Levofloxacin (%S) L. Meropenem (%S) bl Amikacin (%sS)
L. Cefepime (%S) Ll Cotrimoxazole (%S) k! Piperacillin-tazobactam (%S)
=+ 10 AOlg,* —8— 20 AOl**
100
Safe zone
90

Warning zone

gnf 80 AG Unacceptable zone 72.9
=70 753 756 707 o 642 @5 047 =0
2 60 /
g
5
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2 5
g g .
X E 3 )
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018

(1225)  (1395)  (1997)  (2804)  (4018)  (1225)  (1395)  (1997)  (2804)  (4018)

Year (Number of isolates)
Note: * 1° AOls, refers to the probability of having at least 2 effective antibiotics out of 5 antibiotic options

100
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70
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10

(ampicillin-sulbactam, ceftazidime, gentamicin, levofloxacin, and meropenem or imipenem (either one with the highest %S);

** 2° AOl 4, the antibiotic options includes amikacin, cefepime, cotrimoxazole, and piperacillin-tazobactam.

Fig.1 1°and 2° AQI _ for Acinetobacter baumannii, 2014 - 2018
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== Ampicilin (%S)
kel Amiikacin (%S)
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le! Gentamicin (%S)
L Cotrimoxazole (%S)
ll Piperacillin-tazobactam (%S)

99.9 99.9 99.9 99.9

100 . . ~ . ~ 100
. sozoe g T L b e
Warning zone I ‘ I ’ I I | I ’
& 80 i 80
N Unacceptable zone
= 70 ‘ 70
3 60 1 60
g 50 o 50
2 40 |31 : 04 i 40
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o 30 30
<
X 20 20
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0 - - 0
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
(7441) (9470) (11291) (15591) (18346) (7441) (9470) (11291) (15591) (18346)

Year (number of isolates)

Note: * 1° AOI5, refer to the probability of having at least 2 effective antibiotics out of 3 antibiotic options (ampicillin, cefazolin,
and gentamicin); ** 2° AOlg, The 6 antibiotic options include amikacin, ceftazidime, cotrimoxazole, levofloxacin or
ciprofloxacin (either one with the highest %S), meropenem, and piperacillin-tazobactam.

Fig.2 1°and 2° AOIm2 for Escherichia coli, 2014 - 2018

94.2% in 2018; both located in the safe zone
(Fig. 4). 2° AOI42 (amikacin, cefepime, levofloxacin
(in 2014) or ciprofloxacin (in 2018), and mero-
penem) was 98.3% in 2014 and 99.2% in 2018;
both stayed in the safe zone. In 2018, ranking
from the highest antibiotic susceptibility were
amikacin (90.5%), ciprofloxacin (87.2%), pipera-
cillin-tazobactam (86.1%), gentamicin (85.9%),
cefepime (84.4%), ceftazidime (84.2%), mero-
penem (84.0%) (Fig.4).

Enterococcus faecalis

1° ACI_, (ampicillin, gentamicin 120 mcg,
and vancomycin) was 93.9% in 2014 and 97.9%
in 2018; both located in the safe zone (Fig.5).
In 2018, ranking from the highest antibiotic sus-
ceptibility were vancomycin (97.8%), ampicillin
(94.9%), and gentamicin 120 mcg (69.5%) (Fig.5).

Enterococcus faecium

1° AQI_, (ampicillin, gentamicin 120 mcg,
and vancomycin) was 70.9% in 2014 and 69.1%
in 2018; both located in the unacceptable zone
(Fig. 5). In 2018, ranking from the highest anti-
biotic susceptibility were vancomycin (91.1%),
gentamicin 120 mcg (70.1%), and ampicillin
(16.3%) (Fig.5).

Staphylococcus aureus

1° AOI42 (cefoxitin, clindamycin, cotrimo-
xazole, and erythromycin) was 98.7% in 2014
and 99.7% in 2018; both located in the safe
zone (Fig. 6). 2° AOI (gentamicin, levofloxa-
cin, tetracycline, and vancomycin) was 97.6%
in 2014 and 99.6% in 2018; both stayed in the
safe zone. In 2018, seven antibiotic options that

have susceptibility rates more than 80% were
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Fig.3 1°and 2° AOImz for Klebsiella pneumoniae, 2014 - 2018
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Fig.d 1°and 2° AQI for Pseudomonas aeruginosa, 2014 — 2018
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cefoxitin (91%), clindamycin (86.1%), cotrimo-
xazole (96.7%), erythromycin (82.5%), gentami-
cin (92.8%), levofloxacin (87.9), and vancomycin
(99.7%). Tetracycline showed the lowest suscep-
tibility rate of 63.5% (Fig.6).

Streptococcus pneumoniae

1° AOI32 (cotrimoxazole, erythromycin, and
penicillin) was 74.8% in 2014 and 73.1% in 2018;
both located in the unacceptable zone (Fig.7).
2° AOI42 (clindamycin, levofloxacin, tetracycline,
and vancomycin) was 99.7% in 2014 and 99.4%
in 2018; both stayed in the safe zone. In 2018,
the susceptibilities ranked from the highest were
vancomycin (99.8%), levofloxacin (98.3%), peni-
cillin (74.0%), clindamycin (71.9%), erythromycin
(68.9%), cotrimoxazole (54.2%), and tetracycline
(28.6%) (Fig.7).

k! Ampiicilin (%)

Ll Gentamicin 120mcg (%S) bl Vancomycin (%S)

Ll Gentamicin 120mcg (%S)
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Discussion

The study results showed the problem
of insufficient primary antibiotic options in five
problematic pathogens including A. baumannii,
E. coli, K. pneumoniae, E. faecium, and S. pneu-
moniae. However, these problems were allevi-
ated with sufficient secondary antibiotic options,
except for A. baumannii and E. faecium. 1° AQI,
of A. baumannii was under 80% during 2014 —
2017; however, it began moving a little above
80% in 2018 (81.6%). The problematic situa-
tion was 2° AOI  which was under 80% through
the study period (58.5% in 2014 to 72.9% in
2018) reflecting that there might not be enough
secondary antibiotic options for the treatment
of A. baumannii infection after primary options

failed. Carbapenems had a high susceptibility

lal Vancomycin (%S) k! Ampiicilin (%S)

== 10 AOlg, for E. faecalis* == 1°AOlg, for E. faecium*

97.9 98.9 98.3 97.9
100 93.9 N 100
h—" ‘ ~  Safe zone
90 ] ‘ 90
Warning zone

80 80
a 70.9 74.5 69.1
£ 70 ‘ \ T ) —— 70
z Unacceptable zore!
5 60 60
s S " LQ ] 4]
Z 2§ E RE P E -
740 1 1 a0
o S R 5
g 30 & 30
= 20 20

10 F % F 10

o - EEN ALL ALE LB Li L LL L)
2014 2015 2016 2017 2018 2014 2015 2016 2017 2018
(487) (531) (784) (1145) (1373) (281) (284) (486) (693) (819)

Year (number of isolates)

Note: * 1° AOls, E. faecalis and E. faecium refer to the probability of having at least 2 effective antibiotics out of 3 antibiotic options

(ampicillin, gentamicin 120 mcg, and vancomycin).

Fig.5 1° AOI  for Enterococcus faecalis and Enterococcus faecium, 2014 - 2018
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Fig.7 1°and 2° AQI  for Streptococcus pneumoniae, 2014 - 2018
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(95%) for the treatment of A. baumannii infec-
tion since 2000 in Thailand.” The susceptibility
continuously fell to around 50% during 2014
- 2018, as demonstrated in this study; these
phenomena were possibly induced by a natu-
ral selective pressure related to the tremendous
increased use of carbapenem."'® In this study,
since there were only three antibiotic options
for E. faecium, they were classified as the pri-
mary options (not enough antibiotic choices to
be classified as the secondary options). 1° AOIL,
for E. faecium was lower than 80% (70.9 in 2014
and 69.1% in 2018). These presented a worrying
situation when primary options failed.

AQl is associated with two key factors, the
antibiotic susceptibility rate and the number of
antibiotic options (Fig. 8). The more number of
both factors, the more we gain AQI value. This
knowledge point to the minimum requirement

of antibiotic susceptibility relates to the num-

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:1-14

ber of antibiotic options. For instance, if there
are five antibiotic options and the needed target
of AOI52 is greater than 90%, each antibiotic’s
minimum required susceptibility proportion is
0.6 or 60%; these will provide AOI52 of 91.3%
(Fig. 8, point A). Again, if there are three antibi-
otic options, each antibiotic’s minimum required
susceptibility proportion is 0.8 or 80%; these will
provide AOI_, of 89.6% (Fig. 8, point B).

AQl represents an alternative way to
present an overview of antibiotic resistance si—
tuations by summarizing a set of antibiotic sus-
ceptibilities into a definite index, presented as
a percentage of treatment probability. Since
the AQI calculation only requires the antibiotic
susceptibility rates provided in an antibiogram,
commonly available in most hospitals, the AQI
can be generated and applied at multiple orga-
nizational levels, including local, regional, and

national levels. We hope that the AOI will sim-
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Fig.8 Sensitivity analysis of the number of antibiotic options (m) and susceptibility proportions
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plify the communication of antimicrobial resis-
tance status, set a clear antibiotic susceptibility
target, and help staff assesses an appropriate

hospital antibiotic formulary.

Conclusion

There were five problematic pathogens
with 1° AOI below 80% during 2014 - 2017
and 4 in 2018. One problematic pathogen with
2° AOI  below 80% was found during 2014
- 2018. The index identifies the overview of

the antimicrobial resistance situation involved
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A Case Study of Seizure Induced by Tranexamic Acid

Used in Cardiac Surgery
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Abstract
Tranexamic acid is indicated for preven-

tion of blood loss in a variety of major surgeries,
including cardiac surgery which greater dosage
of tranexamic acid is used. Cases of tonic-clonic
seizure in patients undergoing cardiac surgery
were reported. High drug levels in plasma and
cerebrospinal fluid were possible cause along
with other factors that could impair drug elimi-
nation from the body. Tranexamic acid-induced
seizure can be prevented by using the lowest
effective dose to control surgical bleeding. So
far, there is no specific treatment and patient
management has primarily been supportive.
This report shows a case study of a
60-year-old Thai male patient with an under-
lying disease of end-stage renal disease. He
underwent heart valve surgery and received a
total dosage of 104 mg/ke of tranexamic acid
intravenously. Six hours after surgery, he deve-
loped a generalized tonic-clonic seizure. After
physical examination, laboratory tests, brain
computed tomography and electroencephalog-
raphy monitoring for 24 hours, tranexamic acid
induced-seizure caused by high dose used in

patients with renal impairment was diagnosed.
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A Case Study of Seizure Induced by Tranexamic Acid
Used in Cardiac Surgery
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According to the case study, proper
tranexamic acid dose is important in cardiac
surgery. To avoid drug-induced seizures, the
dose should be appropriately adjusted based
on renal function. Pharmacists should involve in
determining the causes and medication varia—
bles that may lead to seizures following cardiac

surgery.

Keyword: cardiac surgery; seizure; tranexamic

acid
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TnenseuIuns glomerular filtration 7ile Fatu 34
fruuphliusvruneluguaeiinnsinuves
launnsas™”

o1 slifsUszasddiliisuusamuasnindes
oz 02 dainduiusiunsldoluruings leun
pAld 013y (Weawns seudy d1vdu uenanil
Famuonslifiasszasdfiguussdaulddos  laun
omsinludihelddunmsindaiila  uaggtapi
nsvinuretlaunnsed®  N9Adedsenugdl
saldnlugitrerndadidlafildsu tranexamic acid
$ovay 0.9-25 warwugtAnisaitnundumnlésy

gluruInge’®”

nalnn1stAne1N15TNaN tranexamic acid”'**¢
Jagtudslinsunalnnisiinernistnain
tranexamic acid ﬁLLﬂsﬁJﬂ WAAIAIN  tranexamic
acid  flassadaluianadindnondsiu  y-amino-
butyric acid type A (GABA)) uag glycine 999N
qwéi%maé’u&ﬁ GABA, e glycine receptor Tu
szuulTEamaIUnas 1ay tranexamic acid 1A
a111301UN139U (affinity) glycine receptor 11nA77
alycine Uszanas 10 Wi B9 GABA waw slycine 1u
mi?{'aﬂszmmﬁm%gﬂ (inhibitory neurotransmit-
ter) vosszULUTEAMAUNansluaunsaylvdunas
Lﬁja tranexamic acid €JJU€J’jﬂ receptor 183 neu-
rotransmitter Waeswinssinaviililiinnsdud
nsdsdyauseniaeas  dwalviwanuszaingn
ﬂizél:umﬂﬂ’j’lﬂﬂa Lﬁm neuronal excitation Way
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A Case Study of Seizure Induced by Tranexamic Acid
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I3 [
AR JuUDIN15UN

Jaduideslunisine1nistnain tranexamic acid

1. fUrefiinsiauvedlaunnses  las
lanzegeadlansnsinisnsesvedle  (estimated
slomerular filtration rate: eGFR) #1091 30 mL/
min/1.73 m? faaudsslunisiinernisdnann
tranexamic acid mﬂﬂ’i’]éﬂ’mﬁﬁ eGFR 1A
60 mL/min/1.73 m’

190189 WINTNITINITANIAYIANRIILYIN LA

Weeanegnindneenain

AU tranexamic acid Tuideauarlu CSF psagle
wnty fafy Seflduugiliinsuuvsuneelug
rwfifinsvhauredaunnsast™

2. M3lPu tranexamic acid VUIAGITI
1nn31 100 me/kg WU wu nnslewunn 30 me/
kg IV bolus mu@ae 15 me/ke/hr ma 60 mg/kg IV
bolus au8 5 mg/kg/hr aumzmauammsmm
WliRuanudessonisiineinistn 4.83 whle
Jeutunstienuwns wu nsliervunn 10 me/
kg IV bolus mu@ae 1 me/kg/hr auﬂizﬁ"ﬁuqﬂmi
NS 19 9IneAsemudn nsIESy tranexamic
acid luvwaveunsanUssanas 50 meske 3990
agﬂu%ummazﬁwﬁ"n dlo¥aseiu tranexamic acid
luidealinudy 10-15 meg/mL TUszansaw
iemeiavsudinssuiunsazansaudonld Tagll
WipuEeslunsdnt 2161920

3. ¥UALarsEeLlIa1lunIsHIfn AR
Waansusadawladfiuanudedunisiine nis
¥ wesaniduimanisfidsdunisiinnzes
oneluvaondon (air embolism) siwaonLdon
LasLazvasnldonst deeseinialunasniden
#1311905UN U BBB vilW tranexamic acid g CSF
unTuaudmaliiine1nstnls uenanaudes
Fufudulugaefidomyassuulnadouiigumnd
i (deep hypothermic circulatory arrest: DHCA)™!
wazlufthefidedld cPB Wuszoznauundt 150
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u,.]ﬁﬁ 17,19

4. fUnegeengdifionguinnit 70 U uawd
AZLUY APACHE II (Acute Physiology and Chro-
nic Health Evaluation Il) 11nn31 20 andinng
Usgiilugihosenziuuy APACHE Il wudn Banzuu
mLLam'jfls’iﬂaaﬁmwmumwaamiﬁuﬂaamﬂ way

B2 ygnnil {Uiege

FossensideTinuniy
0199giinsidngneenainsenieanasiosninns
vhavedlnanasiieniyuniu®
INIHEAAINIIARUN>?

81M159n31N tranexamic acid  TugUemad
ndiavala dnianelu 5-8 Faluusnudansnesa
anwazemstnidulsvatsuwuy  dlvanueinis
FnadininFanszaniiaddelionnisifies 2-3 uit wy
o139 lutaeosay 20 uanadunisnszandu q
ladudsmegianizdns  (myoclonic  movement)
wazilfftaeiflesdiutesiionnsdnazdidiuseilos
Hunmednsewies (status epilepticus) wonaN
i wuhdthedssanndosar 30-60 Tdnennely
24-48 Fluswdanefarile
ﬂqiaaaaﬂlilé,Zl,ZZ

Wadeanenmendtinvesitiy N1InTIa
$19M8 warfnnuasaiandulniiaues (electro-
encephalography: EEG) &wnnilnisiney EEG
TUSzEULINUAIINNIRALANITOYIBUEATENIN
ANENUIEY (shivering) msmzqﬂg’u q laidu
Jnglanizdil  waze1n1sinls  dmsudnuue
adulnianesinunfan tranexamic acid 71957
wueraluila rhythmic spikes poly-spikes waz
poly-spike-wave activity FaldnwaziSuazuvay
fnwuen1stnain  tranexamic acid  Wlogaed
sedupludonunnndt 20 llasndw/fiadans 3
AT wu sedveludendiviiliineinis

LY

YA NUAUNUSAUNISEAY tranexamic acid VUA

18 Kobpetchyok W



MNIATNFUATIUITNEIUNE
U7 32 atu? 1 w.A. - .y, 2565:15-27

4953111131 100 me/kg Fuly

LUINNITINN
HaguiudlifiduuziiFesnisnweinisin
21 tranexamic acid 8819t waldun1sSnw
wulszdulszreaiiolvigtaeiionnisasd Taeiid
wuzilunislioniiefnmeinstnaingt  fauans
Tumsedl 1 wenani  Wefiansannalnnisiie
91M159n97n tranexamic acid Sawddefiwuziili
Tonquseiunnuddn  (anesthetics) Fsoongu’
WJu positive allosteric modulator s glycine
receptor Tawn isoflurane, sevoflurane, desflu-
rane Way propofol \iounudl tranexamic acid 7

JUNU glycine receptor®?

nIAANE
Adevglned 01y 60 U dmiin 47.5 Alansy
sutlunaniy (body mass index: BMI) 18.1 Alansu/

ASAIANWINISTNIIN NS1WYTA LeTn NidlunsHndnla

MRS UEEeINwosutumenunTy 1
TUABUILTINGIUE

UszdRnauiulaelulagiu

2 #avineunilsanegivia Juiediennis
willosdraionnnuss Buntunasen laisalulnu
Slevigainudienisitu veusuld livau fan
?HLLN‘U@Q@’]ﬂ’]Sﬁ’]LLUﬂW}N New York Heart Asso-
ciation (NYHA) Lﬁ'uﬁﬁumﬂ functional class | 10 I

1 Ju newnlsimeiuiagUieionnisiiu
wihenvasiulutiu Azkuuautin 7/10 Yain
WE191M5ATY uausUlE NYHA functional class
Wiaauann 11w i

Uszinanududielusin

1. anzauialelunfanazionnsiniy
(moderate aortic valve stenosis and moderate
mitral valve stenosis) 3ANN15YI9IUVBIITR
a1y (left ventricular ejection fraction: LVEF)
61% ile 2 Vo

= g o U [l U o U
M13199 1 sremsuazvuinedmsudinglunsshwvieinstnannelaenily”

g YUINYNTUAY

AL ALUUABLLDY

First line drugs

Diazepam
ansalvigilayn 5-20 wil

Midazolam

Second line drugs

0.05-0.2 mg/kg IV bolus W1 20-30 Funi (VuneIgeEn 10
mg/dose) %138 0.1-0.2 mg/kg IM (¥1A81ggn 10 mg/dose)

5-10 mg IV bolus WU 2-5 W9l (YWIAe1deEan 10 mg/dose) -

0.05-2 mg/keg/hr
YSugnu EEG

Phenobarbital  15-20 me/ke IV My 1 me/ke/min @nunseliensiia 5-10 .
mg/kg/dose wasanlagl dose usnluuda 10 W

Propofol 1-2 mg/kg IV

Thiopental

2-7 mg/kg IV litAu 1 mg/kg/min

1.5-10 mg/kg/hr
Ysugnu EEG

0.5-5 mg/kg/hr
YSugnny EEG

EEG = electroencephalography
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2. 1(51’;’18@@%’&5383@;@%8 (end-stage renal
disease: ESRD) Wanln 3 aswiodunv wasiduy-
treseugnangle

a

3. A1EERTlUuNITNTeAgUUAREQE

Y

(tertiary hyperparathyroidism)
sren1seigUaelasunaudninwdalulse-

WgIuU|

1. Alfacalcidol (0.5 mcg) 2x1 po pc
2. Calcium carbonate (600 mg) 1x3 po pc
3. Enalapril (20 mg) 1x1 po pc
4. Amlodipine (5 mg) 1x1 po pc
5. Isosorbide mononitrate (20 mg)  1x2 po ac
6. Sodium bicarbonate (300 mg) 1x1 po pc
7. Aspirin (81 mg) 1x1 po pc
8. Atorvastatin (40 mg) 1x1 po pc
9. Erythropoietin alpha 3,000 IU SC weekly

Use¥amadeny  UjiasUsziRnsiugsuas
quYIS

Usedansunen Uiasnisuiienwaze1mis

vdanumndlansiaialasenauidssniud
a4 (echocardiogram: ECHO) 3fageilunnizlsa

Y
v
a tY

sumnlalundauazioneiiniv uavdumilalnsdaln
'%ba (severe mitral valve stenosis, moderate aortic
valve stenosis, moderate tricuspid valve regurgi-
tation) & LVEF 50% $4anad91n4fia WimeFennuny
Wasuautlalunsauazionssin saurdennatay
ilalasdatn

neur1dn JUlelasunisnsianisivaisy
yomasadenluausiuaznasndenwndlugfine
(carotid duplex ultrasonography and transcra-
nial doppler ultrasonography: CDUS and TCD)
\esnngiheiinnudssgsienisiialsavassiden
auesgafundsrinda daliimuanuiiaunile

sennaudesindngUaelasunisvin CPB
Duszeziaan ¢ $alus 11 widt Wszeznanidasu
a8 $Tua 30 undl 165U tranexamic acid 30
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mg/kg IV bolus a1uaI8 5 mg/kg/hr UUIAITIM
Wavaa 104 mo/kg ofﬁzw,@il,%'ué]’uauﬂizﬂ"qguqmﬂﬁ
HAn wazldsuen 16 me/ke/hr luverUagingmsie
BN 20 U9l

JUaeld$ueufiausiiietestunisinie
USwar ey cefuroxime 750 mg IV d1u9u
2 pds Tneleuenrousunda 1 $alus Juadedt 1
nan 9.10 U waradedt 2 At 13.10 W Feietu
4 Hilusluviesinda dmuenaudu q Aguaelasy
YUNIFA LALN

1. ®1i@au (general anesthetic) A sevo-
flurane %ﬂLfJumaaUQmmﬁ@laizma (inhalatio-
nal anesthetic) uaz etomidate Javfuensziuay
Janviiadatvaenideni  leglasulutisiuves
nsinaau mmﬁu;ﬁﬂwiéﬁfu propofol IV deilasau
ﬂizﬁﬂquWﬂﬂﬁﬁﬂﬁﬂ Wieshwszduntssefuay
38n (maintenance of anesthesia)

2. sl’msiaur]ﬁ’mﬁa (neuromuscular bloc—
king drug) @® rocuronium

3. gudsy  (adjunct) sauAunslienseiu
PwiEn ieasszAuMIAay fo fentanyl uag
midazolam

4. snszduidlauazmandaniovaseiien
(inotrope and vasopressor) Wieriuanuduladio
LLaz%’ﬂmé*wUfgwm%wsuaﬂﬁﬂasﬂﬁmﬁsw’mmﬁm
Aa adrenaline, noradrenaline kag milrinone

v&spenanviesindn 6 luswnzegluver
Uiwdngn fhelennistninsansznn Sdswenszan
FUlUmewn wauwazaie 2 Prandensean W
Uszana 45 Uil mnﬁqumaq nsshwlit dia-
zepam 10 mg IV sidsaniuginefiuvunasasis 2
Franseanidududnnn 1 dalus Swuiomn 4 Ay
a’lm'i%’ﬂwqmaa wnndlien levetiracetam 1,000
me IV 738 500 mg IV once daily wagliendiu
500 mg IV post HD wenanil Sin1smsiafnmna EEG
mendrannisinadsanineyszan 6 Falus
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NAN1IASIVINNNY
Vital signs: T 37.8° C, BP 94/44 mmHg, P 82/min,
RR 20/min
General appearance: comatose, on endotra-
cheal tube (ETT)
HEENT: not pale conjunctiva
Lung: clear
Abdomen: soft, not tender
Extremities: no edema
Lymph node: not palpable all cervical, axilla,
groin
Neurological sign: stupor, not follow command,
pupil 2 mm reactive to light both eyes, Doll’s
eye intact, Gag reflex positive, motor power
grade 2+ all
NaALNYLSIADUNANDS
Computerized tomography (CT) UStieuaNas: Ll
wuideneenuarinuandongaduluaies
Han3IaINeiaIUURANTS:
Electrolyte: Na 143 mEq/L, K 3.93 mEg/L, Cl 103
mEg/L, HCO3 20.9 mEqg/L, Mg 2.97 mg/dL, Ca 9
mg/dL
Complete blood count: RBC 4.06x10°/cumm,
Hb 11 ¢/dL, Hct 35.3%, Platelet 113x10°/mm’,
WBC 11.20x10>/mm’ (Neutrophil 88%, Lympho-
cyte 9%)
Arterial blood gas during ETT: pH 7.322, PCO,
41.5 mmHeg, PO2 100.7 mmHg, HCO3 21.7 mEg/L
Blood sugar: 100 mg/dL
N33ty
LNME81g3NITUNITEUUYTEAINITAdY
generalized tonic-clonic seizure 31NBINILLEAY
neAdtln  wan1IRsIas1enelUnuANRAUNANIY
szuuUszaved ndaaufienaduseslsaluaues
naLengLsgABURILAOs UTUaNaslunulsAran
Fenaues (stroke) Han1sAnmuAdulniaueve

ASAIANWINISTNIIN NS1WYTA LeTn NidlunsHndnla

AUienaen 24 Falus limuadudn (epileptiform
discharges) sty DIYTUNNENTLUUUTEANAS
ﬁ@ﬁﬂﬁ’]LW}@’]ﬂ’]'ﬁ%’ﬂﬁﬂﬂ non-structural  causes
LU ﬁmmmmmﬁqﬂ Sofinsananusyians
1A5UB1 onset T9991INITN  LAZDINIILAAINIG
AATN WndunshavongsunndnesruuUsTamMAni
tranexamic acid-induced seizure mﬂﬁ?jﬂ LWNFUNT
MnN1sUsEluRIL Naranjo’s algorithm lalusgeu

9199214 (possible)

anUse

Alaeeeny 60 U flsausgdrdadu ESRD
Faadranaunulaglanisnenidendlainiodle
Flow @hdumsrihdaitenasunasdonusuauiile
ydsaneenaniesndn 6 Falus fihefiennisdn
yiandenszanvhdudussezna 45 undl wagdl
pImsdnean 4 ads nn 1 $2lus dmfumsided
9INSTNUSIFRRIlaAIsIINSLeNYTnB 01
Frudu 2 Useam faununnd 1 fie eanisdnang
7l (focal seizure) uazemsindash (generalized
seizure)  Lipsandmnudidnlunisuenanngves
o1msinld Tnegihefifionsdnaneisnam
AnlsAnasnidonanasriialduundu (acute stroke)
warnshnideluates duemsdnisindag
PNANURAUNFNNUUNUOBNTONWINYT  1TU
mﬂﬁ%auzﬂzjm cephalosporins, tranexamic acid
ey pethidine Judu  v3ee19LinaInn151081
(drug withdrawal) LU Weaneges wareNgy ben-
zodiazepines” wonanil Tuffthenddld CPB a1
FliAnnnzanesndendansvselinnisuin
Buhluveailoauesddwmaliinennisdnimasin®

NTIYIUNTATIVTNAGUVDIUNNEG WU
FUnemduanusfianansoneuauosedisuLse
LLazﬂﬁzﬁu%’l q FunanenSale 1wy deep pain gy
uiilonganszdudineasvdumasludn  (stupon)
hiwummﬂﬂﬂﬂaﬁuaqgmum%ammaaLLiJama"Léf
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INLANZN (focal seizure)
sAviasnLaanauae (stroke)

=l = G o/
NaaALHINENBINUNIDYARAU
(ischemic stroke)

GUItT
< @ = a a

- NSLUIAIVBIABANINEAUNR
(hypercoagulable state)

- ALAURNII2E LAgLaNIZRENg
89017297 e IuUEaUNa? (atrial
fibrillation: AF)

a 4” d' 4' o/ . .

-nsAaaNEayala (infective

endocarditis)

VaDALADAHNDILAN
(hemorrhagic stroke)
dnn

-M5lASUEN heparin 581I19HIAN

L, -Ausuladings

_nzidensenluduasuiadiin
AUDIVIALRDA MURAIIINNTSLAA
waanLaanaudsAvu (hemorrhagic

transformation)

NLAAIB luaNDY

Uadwdu q N lAnneinistnianizi
WU tasanluanas (brain tumor)

In19A2 (generalized seizure)
LILLNUDAN/ENTNY

Nwia99n81 (drug toxicity)
-81NgA cephalosporins
| 5 -tranexamic acid
-pethidine

-871nqu fluoroquinolones

21n1501981 (drug withdrawal)

> -87n§u benzodiapezines

-4eaNaIaa

AazuIaduiluvasaues
(diffuse injury)

-post pump encephalop-
athy TugUenasly CPB

-multiple emboli

Uadedu q Nilwnnennis
INNIA B1ABITNUTLIN
ASAUASY WaLhnny EEG

WNUANT 1 LuInenIsmanmneInisinuanissiiiaiila®
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MNIATNFUATIUITNEIUNE
U7 32 atu? 1 w.A. - .y, 2565:15-27

11 LifieuieUnfvesanedsening thalamus wag
pons %QLﬁuﬂizamaum@ﬁ 3 (oculomotor nerve:
CNIl) dmsun1snsiany Doll’s eye wamsanlid
ANUAAUNRUSIIUNIUANDY  LAZNITATIANY  gag
reflex  uansilaifinruiinunfvesfiuauessaus
stamauaqq’ﬁ 9 (glossopharyngeal nerve: CNIX)
W8y 10 (vagus nerve: CNX) Fanani15n579319n1ess
na1 asuledn ldnuanuiiaunivessyuudszam
el (focal neurological deficit) agnsdiniay
NNANTIINWIBIUJURNsHUILdA elec-
trolyte Un@ 3elsifndisanvnreseinstnainaIy
Aaunfives electrolyte louA nmglmieusmse
g9 AmzuealLdWEegs AzuaniiBeus Ane

255 annsauin arterial

haludeniuiegs
blood gas wag electrolyte uianalaingUleiiniig
mixed wide anion gap metabolic acidosis ¥
fiu metabolic alkalosis lAEWUTIBIUVDINITLAN
metabolic alkalosis 7idswaliineinisdnuas
coma 1¢f FefUaelagiludinlifeanisla 9 wan
s¥U HCO, fioundn 40 mEg/L wiwunwdniug
NN ITNAUSTAY HCO, fiinnin 50 mEg/L
Pl Tugtheneiisyd HCO, 20.9 mEg/L (A
Uni 22-26 mEq/L) Famadlaildanivigueseinisdn
FUaseiusetaduliinetiennisdnnio
91NTHAUNANINTEUUUTEAMUINBULAADINTTEN
inSenszanf  wams9melagoyuNNdTE-
vulszamldnumuinunfvesssuulseameens
Fovuflalenaisdrenfinmeiusnuauediinuon
oonieaudengadiluauedisdnis acute stroke
doy  wameiosujuRnshinuanuiaunfiniw-
wuedn  uarliasdomsindoluanoaiiecannd
white cell count Unf unndIsAniee1n1stnann
fiwrew wazUdnwundunsiulssdiubes drug-
induced seizure
wdvnsarunsaldvannisuseiiugUielag

MlUlunsdlasdoainistnanniwessen  aen1sen

ASAIANWINISTNIIN NS1WYTA LeTn NidlunsHndnla

avngINdu q een 1o NaMHYeIeINTIND9
srnvaedads Wy nshade enuRnunfives
electrolyte N15UTALIAAAIIINATTVININIUVDIAU
waglaflanas Wufu wagfinnsanaindiniy 10 4o
Fostolui”

1. fheduedels (szpznanmslden)

2. vwneigthelasudonils (vuaenEu
fu wnaertlagtu wasinsfiuvioanuung1vie
13d)

3. fnswdsuudasunvess el
Tnunnguielal wavgUlgldenluvuinmils (gndes
muidsunmdviols)

4. gUeTulssmugvieldeignaeamsel
@emndululanguasldonfumneiuwmd dmio
13d)

5. fheldesumiadulalurneitamioll

6. FUheinsldonlmifliineldunnewile
27 9 dvell

7. flheideniudssueviol

8. HUreFuusemuayulns  viseemiuden
weinwilageansnisumdninden  (homeo-
pathic) n3aly

9. gheSuusemudnniiy vieemasule
w3all

10. flhofuuoanesed waz/vie Iansiandn
Tanseld

31NN5RATUIUsEIRANVRIRUIBUIESNTS
Tfimiiu ayulng emnsedunaila linudsedn
Puneanesodviomsltansiandn  uarliiaefu
Usenuengy benzodiazepines 1nau nduNs
ldifndsensvineuasinlinineinistn - us
sgrisfumsndaBsunasdeuuiuiilafing
1 cPB waglduoiifiueundesionisiineInts
n 1on tranexamic acid Guumgjﬁwﬁgwm 104
mg/kg diotlostunszuiunis fibrinolysis wazlasu
cefuroxime YU1A 750 mg U 2 ¥ ey 4
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s FaduerufTwziielesiunishiage Tl
< YA v a o a
anululllanguisenaineinistnainiivuesen
gngu cephalosporins Wailsyaueayauly
ansawmieah i
GABA
, A
receptor vMAANIINSEAUNTEULAUTE ALY

S¥UUUSEAMEIUNAGLIN
2711159091 NA NN UTINTVINUVD 4

Fuaunsziaanaduernisdn g17l918911gR
nmsaltnuin leuwn  cefazolin, ceftazidime uag
cefepime  &nwaranmsdudnuiaseiielings
n3zAN (non-convulsive status epilepticus: NCSE)
fnfionsmdanldsuenseiiesuszana 4 u uay
oIMstundsnugneUszan 2 u ludtaene
a5y cefuroxime ?jﬁm‘ﬁummju cephalosporin
i;uﬁ' 2 (second generation) ﬁﬁqﬁamﬁaﬁﬂmﬂm
Aann ilssnmaravnalasiaiisvese e

TmAno1n1stnlaae ™

yanani mummﬁ@’ﬂw
Igsuduruauni saseszeznalunisidengily
Wosdadiaunzauiesandunislieiny
ApseTinvesen §Uaelailiiu cefuroxime Bnmdl
pannvisIwn  laggiieiinenistnudaninta
$U cefuroxime adsaniinely 12 dalus wagldsy
gufies 2 dose (lllgsuendaidios) Wofiansantng
namdnldugaunseiafiennsth  (onset of
seizure) FIMdIENwEDIN1ITN SeliitnAunsen
91Ng NG cephalosporin FeWAEIMABINITTNIN
cefuroxime aanla
dedesziteaunguazadoidsdlunisiia
91N13TMAINSIATY tranexamic acid wWuin -
Uheseiitedodsmanedsems 1eud fnnsvie
Ya4launnsaerinliensIN1sAIINEID8NIINT19NY
maleanas 105U tranexamic acid Tuvungesiy
11N 100 mg/kg sEarinanakndn Felugthe et
I§Suensauiionun 104 me/ke warldsunsinsinde
vlaswitatinisld cPB wund 150 wift ailann
N1551890UEYhe (case report) lusnauseina wui

91nstnindenseanifmludnvuzeinistnieu
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MRN8 tranexamic acid® dnAnA1EUaINITIATU
glUndn 56 Falus iesendnisiuBeunuas BBB
899 CPB J9denaliszau tranexamic acid Tu CSF
aetuld Fanuiludtheneifdnuugoimsdnuay
onset of seizure WlANUYN tranexamic acid™*
dlowndunsinisusaiivennishifieUszasdaine
lngld Naranjo’s algorithm 1@ 3 avuuu dneglu
5¥AUD193Y (possible)

Wi tranexamic acid  awdudaluana
Usvana 157 Daltons dulusiusn uazgnidneen
nsunmensladunan  wilififeyainanaunse
gnindneenainsnnelasnisionidensioinies
Tadeulaunndesiiieds ogrslsAniu wé’amﬂﬁ{{—
Ureldsunisenidenlutudaudiemiodlaiion
Wudrauuudaszeziaan (sustained low efficiency
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A Case Study of Seizure Induced by Tranexamic Acid
Used in Cardiac Surgery
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Abstract

Hydrofluoric acid (glass etching acid) is a
weak acid with a strong toxicity. Patients can be
exposed to glass etching acid through various
routes, including skin or eye exposure, inhala-
tion and ingestion. Most patients exposed by
skin exposure. Hydrofluoric acid is absorbed
into the deeper tissues and broken down into
hydrogen ions and fluoride ions. Fluoride ions
avidly bind to blood calcium ions, resulting
in low blood calcium levels and severe pain.
The patients who exposed to hydrofluoric acid
with a concentration greater than 20% over a
wide area (> 2.5% of the body surface area)
may develop systemic toxicity, which can be
life-threatening. The antidote for treatment of
hydrofluoric acid poisoning is calcium gluco-
nate which can be prepared in an appropriate
dosage form and strength for individual patient
treatment. The skin lesions, electrocardiogram
and serum electrolyte should be investigated in

patients with hydrofluoric acid ingestion, exten-
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sive skin exposure and prolonged inhalation
of hydrogen fluoride ¢as or hydrofluoric acid
fumes. In the presence of abnormal electrocar-
diogram, intravenous calcium gluconate should
be administered immediately without waiting

for the results of blood electrolyte level test.

Keyword: ¢lass etching acid; hydrofluoric acid;

calcium gluconate
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CaF2 + HZSO4 == 2HF + CaSO4
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dloazessvosninauimiefvlslasiau
vigeelsdduiaiinnm  azviliiAnauinUnd
YosaNmTTANLTULIINNNINTATY 9 Taeily
omsRnUndTny IfuA nsvgnasnueanszanm
NszanAUI  (comeal edema) LHemviniden
(conjunctival ischemia) nsiniianie (sloughing)
uaztBoysmuIm (chemosis) sexn vigeslsdlessy
Furuasluneluvieawtiigne (anterior cham-

ber)  yMliAnaNuRaUnfvadlasIas1aneluiag

suna Juauysal, Tunun uauysal 31



Hydrofluoric Acid

wignan mnuAnunFdensBY 9 ferany léun
corneal revascularization Wag epithelial erosion
uaﬂmﬂﬁa’mlﬁﬂ keratoconjunctivitis sicca %ﬂL“fJu
AMuRnUnRsrezenfiduidownannisinunai
nszann’
4. msudsenu
fuhefisulssmunsadauiy  agflonnisuay
U1n wauae Unvies pauld endeu wazidensen
Tumaiuems uaﬂmﬂﬁﬂimﬁ’mLLﬁa%Qﬂam%mm
SEUUMLALDIMNTRE9TIAEY  wagvinliiAne nIs
Nerioszuusng 9 nelusnenie laun nazieaiuu
Tudens (hypocalcemia) nmzuuniifesluden
M (hypomagnesemia) agldunadedluifong
(hyperkalemia) ametilavesanadunda (ventricu-
lar fibrillation) Ayden T3 viunaR waydn®®
2ININWIZYZE1D
JUrefidudansninuiviodwlslasiou
wgoolsidaileafunaum  ssfinnmgiivain
wgoolsd (fluorosis) e IMslansiiddny e il
flgauazaUmAeY nIzgnNgU  Uaznmedelden
Judu egslsinm Saldwuseauinielslasiau
Wgealsavsansadaumiduwiltalunisnelmialee

2159310

nsquasnegiae

1. nmsguaszvumadumegla  nsmela
wazszuuluaisulaiin

Fuhesulszmunsadaui wazgtaedda
aveasvanIaiawivzeilalasiaungeslse lng
mamela Wuiftheiidedlasunsquaszuumaiu
mela nswela wazszuuluaivulainetndlng
0 iesnilonmainfivseszuuse 9 vee319n18
leige Taegaeivneladun msldsunslavietas
mela?®

2. 11311 decontamination

2.1 n3algthesudseniunsanauna
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Auyinsaeeskaiulinea 1uiudud
WuiefugUaefiulseniuasuszinnnsn-ang
u 9 demndunsiinanudswensddn way
o1 lwszuunaiueimsiinseslsafifinany
suusannty  sstuuzilntiseommamsn
fufumslfasimaaeniens1 uenani e
finsanliiesulsenugiannse Ailduszney
Wy aluminium hydroxide Wag magnesium
hydroxide %38 Milk of Magnesia 30 Auu
Uszana 200 mL*?

2.2 nsalghedudiansanauian1siamia
wuihlsinonderniifinisuuiion waswen-
gdvianuarerafamisuinuidudansain
uideth vide dunde (0.9 % sodium chloride
solution) Usunaunn unanegneiies 5 w1l as
Mntususilimfmdssnuidutansadauia
MeuARLBELNgLALLALAA (calcium gluconate gel) i
fAuuss 2.5% w/v Geanunsawieulslaenisna
8120 10% wAalgeunglae 10 mL Augimiguiuy
waTiildhuusznoundnifunh (water-base gel) wu
K-Y Jelly® 30 mL (8051d719838120 10% wAaLgel
nglawm 1 mL sig KY Jelly® 3 mL)* Tngmniu
Aaviausionile  uusdilieSuuewAa@eungle-
WARAANLS 25% wiv waihluldlugeiionns
drndunsliithemunsdesnsdngn el
waaguulosauluguma@eunglanRaduiug-
oolsrloseuiifnisositheldity  oghdlsin
wine1nsUInvedUlelinianasiien1smiioni
meguaadaunglamaadunan 30 wii wng
913NN TINLAENIEN 5% wealluung-
Tawug inldRvtdsSinaddiin 0.5 ml/ecm® w3
N133M 2% uAaiBunglaiun [WmMamaeniienuwny/
naaadeafmewAlln modified Bier’s block™**
1320 2% WAaLgeunglaun i maeniien
quwella modified Bier's block #51eazLden
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~ uwnsane IV catheter Wmsviaenidensidi
U3namdaile dfiduansataudy

- wSenaneiuwI (cuff) Tean3asinAusy
la#n (sphygmomanometer) Lullotofonvouyil
Frefiduiansninwdy

- Wur1EA (elastic bandage) Budusivdon
Uaneiatuluaudausnaameiuwrurenaie s
muuladn Wioldidonsenannasndendduiy
yoswsudefiduiansafand

- ﬂuqﬂmwaaLﬂ%aﬁmmmé’ﬂaﬁmﬁmﬁu
ausungluaieRussuauesssuaufuTiun
nIAUAulainAIuu (systolic blood pressure)
vojUwlusn 100 Tadwnsusen umsamsld

- ln 2% wha@eunglaun Winsae IV
catheter fiunsnunaenidonsfivsnandsle 11
fidusansafaui wdares 9 AarenBaeen

2.3 nsalgvredudiaiivlalasioungas-

Isavsaloszevaansanauna Ingn1suiela

wuglihiigeenanuinaiifame way
Wasudedvesiae Hellaastindedvesdiae
vssalugmanainiilnain LileUosriulalviypaing
mamsunngdudainvlalasiaungeslss  visele
szimevesnsnfnuiuuunient Tuftaeifornsly
sruumaAumglaaansanugLea@eunglawg
Ffinuuse 2.5% wiv Fsanunsawsenlilnenay
g3n 10% wnadounglan 08 mL fevindy
ﬂﬁ?ﬂ%?ﬂL%a (sterile water for injection) 2.4 mL
n¥ntu danwliilelagliatomiuen (ne-
bulizer)***
2.4 nsalazoadvainsannun 19391 1Y
lolnsiounigoalsd surainam

wuziliidnanndaetinngds (0.9% sodium
chloride solution) Usunay 1-2 ans wdsanntialiéng
mfeasazaeuAadsunglanfiinLLss 1%
wiv Beansawienldlaenisway 10% waaidey
nalAm 50 mlL #fetunde (0.9% sodium chlo-

ASANALAY

ride solution) 450 mL lednsmsiflaeauvn™!
Wi Fuusiilunisyh decontamination
dmsutheidudansadauty annsoaguls lned
eaziBauanImTUT 3
3. ﬂ’ﬁg]LLﬁ%ﬂ‘iﬂﬂﬁ’]%%Uﬁ;l:ﬂ’JEJﬁLﬁﬂa'mﬂiﬁ‘ls}
ATZUUMAING 9 YDITNNY
;ﬁﬂwﬁlﬁmmﬂ'ﬁﬁwiaiwumq 5 YDITNNIY
Jugfuaedisuusgmunsadauiviogaaudie
lalasiaungeslsdnielassiveveinsadauindu
nawnu  videstheRddansadauiiiaady
fugmaimdaduiuiinie flhemariiflona
ARDINITABABIZUUAN & VB999NY TAUA A1z
weadenludend anzuundidedludons way
amelluwadedludengs  nsfemudihenguil
asnsanduliiiialasuduasiesefudidning-
lafludon flhewdiasldsunisinunniglulse-
weUNaRETioy 24 Falud’
fuendulyiiinilaiiaund wu i QT pro-
longation  w3eUaeilonn1sinda (tetany) wwnd
ansalvien uealdpunglawn 10% 10 mL 919
aondanmtl ¢ nglifossenansiaseaudian-
Inslasludon wazorafisnsanlddilemndaiinny
Aaunfvesadulniiila’
Tugfthefiinnzuundidesludend aslasu
nssnwmsunnii@uudain (magnesium sulfate)
1-2 NSU neaLIaRALdenaIlual 10-20 Ui’
dwdutheifornsuuss  lineuaussde
mMsdnwiingnndedy viie flhefiiamglanie
\ReUnaY (acute renal failure) ®1aWasaUlAAS
Snwlaenisaale  (hemodialysis) Iagld  fluo-

ride-free dialysate’

n3fiAnen

ftaends 01y 35 T dmiinga 55 Alansu
o1¥nsuie (hedadenlavy) vazsihnsidon
Tavziduszozanyszana 2 $2lus dewndn 3 §lua
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15 unit fhesnlsemenuna niesudeinduda “dhen
Taseuidenergliflen”  fusashilouazurudig
ylaggifmg vasimdadmihanuazoinnsiud
\Annsesidevergiilenlaslilliaugie sewing
davhanuaverndtiefionisuaviou wdndu
FUavdnsieuazendfienazuyuiduiaiui
n¥rnasaay Tasdsetnaunsdnnonudidns
ponen seundthedilenmstinuauioustlng
01M5laifitu wagUanntu Sarmuuwnd
LINFULNNENTITNMENUIEdunes (bleb)
Fuunnuinuihile QU 4) dwuSnauaud
é’uﬁaﬁwm%’maaL%amasqﬁLﬁamﬁuiammué‘ﬂﬁaa
drunans193amedu q Wuundn fihoudaunmdi
fonsUauaulinseuusnariile Uinin uay
Snmanideflegiuluuiinmhite fielingy
swanBunvesiheinsosdeuorgiifion il
Hutherfiuvsussglanmmaainiiagldussgimy
Vital sign: BP 147/89 mmHg, HR 92 aSa/undl,
RR 22 ASyAnT uazgumgfisniniy 36.5 e
LRIRES
Oxygen sat: 100 %RA
Pupil 2 mm BRTL
Coma score: E V.M
wrmdlalinsinuilasnisdnsusinadiduds
Fhetiinde (NSS for inigation) 2 03 usfineud
1 dadlenstiaukauiindeusy 81n1sUINYaNad

IO\

suna duauysal, Tunun duawysal

ASANALAY

= =3

deadntios wdsnduuwndldlnsdwinnyinud
AugNYIng? 1same1u1afssy

VRIINLINEINTANAINUTN W Lndunsusedn
AUERWINEY  smenunadisny  Jmenenuiasie
Uszanuauivuedne  sulddeyaiieatudonisi
103 “thendnsesidenozalide” findn uarld
gelfunedredudlsznevddyres “dhendn
souideuergiiflon”  fUsngflemnndndut 16
Toyadn druusenavdfey Ae nsnlursn waznsnle
lnsngeasn (ladsyyanuuse)

WdunTUsERAUdRYIng 1same1u1afssy
Felasauanunsinwlagni sy deadly
wAalgENNglAAae  2.5% w/v  uaglalnsdnd
USnwenansdunmdiuiiviner agUduugihiiay
Turunndfuinwandsd

- TisSeuuma@eunglowniaa 2.5% wiv
NYAALAATENNGLALLA 10% Uag K-Y Jelly® loy
Idendnuaadeunglaiun 10% 10 mL sia K-Y Jelly®
30 mL (dnedhuvesendauaaidzunglaiun 10% se
K-Y Jelly® 111Au 1 mL ¢io 3 mL)

- ueadeunglaunaails masugaiioss
fdmuelnginidhilevesithe wdmniu e
augeflesnsfananiisliogsaieaiiunaogis
ffon 30 U9l uAzIUABULIA 2.5% upalBunglALLe

1N 3 FIlas aunsensthemeUin

- demsrarauluiimla

JUT 4 dile uar vdslle veujUielunstlinwn vauzusniu
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- leidendwmsiadianinslad Inglanvuaa-—
Wl Wnil@en waznedin

n1sian1ueINsvasEUlevasliAuugii

« fufl 2 vesmssnw: ftheilonisananad
Lazionnsuideiioawnauiwaeis  Taifenis
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vanas (3UA 5) wimduugihigihowviely

LAATELNGLALLALEA 2.5% W/ #a

V/s: BP 116/67 mmHe, HR 70 aSv/u1il, RR 20
pda/nf uazgangfisanie 36.9 esmiwaidea

Oxygen sat: 100 %RA

3UN 5 fhile uar vidaile vewthelunsaldnw luiun 2 vesmsinm

wsnsunansrvadulniwiladuund
t% a va < [ a

HANTIINNRIURURN S TUAINN5197 1

WMgde morphine sulfate 3 mg IV 9 4
Tlus Wesle1n13Uan uagli paracetamol 500 mg
Sudszmunisaz 1 uda vn 4 9las radn

« Jull 3 veansinw: gUheldfiennisuin Ll
9INsYIE (U 6) awnsaueunaullaglaifes
1% paracetamol uanmnﬁuwméﬁwq@ morphine

:.; I/ dl o 1 =

sulfate Alaudduil 2 v0en13snw (IananAw)
windaudiwiver lsmeruvadsng  Juustli

naaewmgalilAadenglaluman 2.5% w/iv uag
Ansuein1suInsialy
V/s: BP 105/62 mmHg, HR 74 aSeanil, RR 18
ada/ T uazgangiisnanie 36.9 esrwaidea
Oxygen sat: 100 %RA
« Juil 4 vosms¥nw: vdmgalfiaauaaioy
naletun 2.5% fuaelifionnisuin uadiennisvudn
fosuTnmuasin

v A o ¢ v
e JUN 5 UDINTINVN: LLWWS@HQWG&V%U')H

AduTUle

U7 6 ehilevesiUiglunsalfnwn Tuiui 3 vesn1sinm

o36-
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anunMensiifine

Mnnsdidne fUhedudathetasonidey
ozgiidon Fafldwusznoulunsalusdn waznsn
lalasngessn Linsuanuwse ngldanugeile vill
nante 2 wdadudaimdilaenss o1n1svesiae
swilifnannsans 2 vienauiu Tnserntsdumesdi
Aetueerifnnnselunsn Sy naelalnsla-
o030 iflesnidueinsiameinulagiluainns
dudansn mndanaangud 4 devesiinevazusn
2 owuh fuiidulngvesdlelid@atiusnashile
wagvdalle umaTiAntuglisuuss wiflheudeid
o1mstnn  uazUmanaeluvesiio 1iesann
nnlelasvgesinipnduasiuneludufionils s
wandudu lelesiauloseu uaz vgeslsdlossu
soan vgeslsalessu widuiv uraduilessu
uay wuniideulossuiinielulazaneusniwadetng
557 Andunznouvesuradouigeslsduas
vy uraidolooou fegmeluwadiasnn 3
Juntsnszdududssamudioutu vinliguaed
21M15UINDE1TULT

nsfnwilaenisligUasutiielugaiiesned
UssuAalennglamaa 2.5% w/v 1Jun1shaen
wgoolsiloseuiivdsegoonnaniufionts  uay
Junsaunuueaideslessuiigyidsluannsiu
ffuigoslslesou  nis¥nuneiBiagiilienns
Urnvosgtheniananiesanidunsudleiianvg
YoeINItInding  egnlsfinnualsysediunis
novaussianssnwily 30 undiusn iilegiriie
mavauwanIsinwvseld  diulngUiuasd
9IMsAtueE NI wAthesefiduianse
faufifianudutugseadeddiaalunisinu
gty MnnsdAnnd nud ennsUinvesy
theyanasetnsdmauluiuil 3 veamssnw uas
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nan1snssEiudninslas esinnisnsienduy
Iiiimladunisusueningiedanizuaadeulu
Fendndoluldegeiuil lunasiinansraszeau
dldninsladdesendesreziiarlun1snsianiaies
UftRmuarnaesuma oghdlsnng faesed
fnansranauliiladulnidausiusniu wa
fuaedl vital sign asiisnlnemaen Jalidudusos
¥nsasaanaulniivhladh

unagy

nsafauiadunsneeuudiadnudufivi
uuss fthednilvgdudansadauimisiovids e
nanfaufduadlUldtuiionds nafaufazunnd
sonlu lelasiaulessuy uay vigeelsdloseu se
1 ngeslsaloseusrduiuwnaideylessy  uay
winiidesilooou  eneluwaduazaneusnivad
pgumng  desziuunal@eudaziunisnsedu
nszuaUszamyiliAnoInsUInog1sTuLss nsdii
dudansafaufififinnnududuninninfesas 20
Huununhannnidesas 25 vesiiuiitame
gnineINIsiwseszuudy 9 Ye919neddianing
JULSRATIAlA

g1l dusduiiv Ao ueadsunglaiun
TageriTlulsaneafisluuuendn  nsdiidosnis
thin$nwdthendudansadauitanzi vie s
el amsawssuuwaaideunglawnlieglugy
LU ATz asilel

mMsmsaRamugtieidudansaiaui i
nsnsaganuaizseslsa  n1snsaanauliiiile
wagn1snsiaszaudianinsladluden  dmsuiiae
fisuuszunsainui vide ftaeiiduiansninuiy
frmiaduuiinunta vie fihefigaasiielelng-
wuigeslsduioleszineveinsadauinduiian
u msldFumsnnanauliinfilannse  uas
ynfadulnivinleiaund  aslinssnulagly
gnRnuAaEINglalug 10% Mavaenidensl lag
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Brexpiprazole: A Novel Third-generation Antipsychotic Drug

Sysed tnwadng n.u. (USulandunssy)
ANeLndvnITu AUELNNEAERSSINEIUIATINIBUR
UMINYIdEUARA

Qjﬁwuﬁ‘iﬂéjﬂ e-mail: Thanyarat.PharmD@gmail.com

NWIYUN ﬁ’]EJL%E] N.U. (U%U’]ﬁméﬁiﬂiﬁﬂ)
AN8LNFUNTTU ALLNNYFARNTLSINYIUIRTIUTUR
UNINYIRLURNA

e-mail: Pcn.saich@gmail.com

UNANELD

wsngWnsilea (Juershwlsadnguiaiu
(third-generation antipsychotic agent) ey
nstunsdeulagesrnisenIsuazeunadseine
avsgossnlul a.a 2015 dmsusnwilsadaunm
uaglsnduasilneldiiuenasy  dlpsiairmand
Uazgimandvinerndreadstvessitwsloa g
nalnniseenguiiiaidyfa  serotonin-dopamine
uazdlnamaiuisolun)siu
#I5U 5-HT , O, D, 5-HT uss O lagand:

activity modulator

donsuisusuessimsilas  wenamidiiinam
gunsalumsnssdudasy D lasndessing-
loa uasﬂ@mm/ﬁ’ﬁzﬁu antimuscarinic ﬁf'7 97110079
NUNILITIUNTIUNUTT LUSHIRNTIlvaluseansna
lumsaneinisaiuvan wazeInisaivavlagliney
nareesitnalea wenvIninIsAnwIUINRTUTIeY
97 WINTANTIaa11715080N I TUT NS UA UL
e ligaeimhidednulanninden/Seudiey
Auessitngiloa smsueInsluiaszasrinutse
youvusndansilea Fomaudelusialouay
wuvedn swdabdnsaiy seulpsnaieealse
uazihmaludongs eelsfnu wu extrapyra-
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Abstract
Brexpiprazole, a third-generation antipsy-

chotic drug, was approved for the treatment
of schizophrenia and as adjunctive treatment
of major depressive disorder in 2015 by the
US Food and Drug Administration. The drug is
structurally and pharmacologically similar to
aripiprazole. Its mechanism of action is sero-
tonin-dopamine activity modulator. It has higher
affinity to 5-HT , O g D, 5HT and O o but
lower intrinsic activity at dopamine 02 receptor
than aripiprazole. It was also found that brex-
piprazole had low antimuscarinic activity. How-
ever, the efficacy of brexpiprazole is non-inferior
compared with aripiprazole for improving posi-
tive and negative symptoms of schizophrenia.
Some studies reported that brexpiprazole was
better than aripiprazole at reducing impulsi-
vity and showing some benefits of social func-
tion. In terms of safety, cardiometabolic effects,
including weight gain, hypertriglyceridemia and

hyperglycemia, are common adverse effects.
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midal symptoms (EPS) aznrizlusianduluiaen
glddos  Bnvimusisaeinisnsyaunsyenoe
nindenseudieudvessimla  swaligied
AvIMMUABEge Auusngawsiloasathumaden
FmsugielsndnnmiiieInsamuIn Muay uay
01msaumsan  suluiuhenlismsanuse
9IN150A8Y  EPS  uazanzlusuanduluiaengs

g5 wlsAinvinauls

Addgy: wsndiinslea;  e1snwilsndnguiiany;
1smImLnn

N13971989UNAIIN:

Saudmd nvedng, wswun @eide. wsndfinsilea e1via
Tmflunguensnwlsadnguiiany. Mnsansindwnssulsmen-
Una. 2565;32 (1):39-56.

o
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Nevertheless, the incidence of extrapyramidal
symptoms (EPS) and hyperprolactinemia are re-
latively low. Compared to aripiprazole, patients
treated with brexpiprazole were well tolerated
as akathisia was lower. Hence, brexpiprazole is
considered to be an alternative drug for trea-
ting positive, negative, and cognitive symptoms
in patients with acute and chronic schizophre-
nia, as well as for patients who are intolerant
to adverse effects such as EPS, hyperprolactin-

emia from other antipsychotics.

Keyword: brexpiprazole; third-generation anti-

psychotic drug; schizophrenia
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AnUsasAang Anssungauazlisunasainniseuunay

1. @1015095UNENYITAITINGT AZBUININITINBLSATALAN

2. @wnseesueloyaniundyinel wasnaansnadtnvesusndiingleale

3. @wnsatnnuinnunanudssgndldlunisusuanandunssule

unin
TsAdaum  (schizophrenia) tduffiunain
A1WININ schizein wlain woneen (splitting) way
phren wlai1 3ela (mind) lomufufmaneds
yaeafiilaslawnnuen’ Fslumsdnnvmansuanets
naueINsvedlsavsdnneiifinuRaunfvesaues
AUAIUAR (thought) N135U3 (perception) wag
WaAnI3u (behavion) flsgfuanuguussiaInyae
wuegnUeInsiAnlsadnanilanyszanaien-
az 17 dunilvigjazizuilonnisveslsaluraeny 20-30

= < X o a1 Aot
U wazdulsaisess o1afiv991nsnaTudussey

IS v 5 Yo = 1 '
wariinisnauiduglaves Jsdinansenuegreunnse
1My Fnla druuazaundInvele’

dnvn’
Tutagdudsliaunsoszyavgiuudad
yliAalsadaanld  winansidelugamassed
Husuansiiliuinanvnedlsadmanduiusiu
ANURAUNANASIMWIVRISEUUUSEEM  (neu-

rodevelopmental disorder)  8nMsgIduNUSAY

v YV

JavgNuannviaty iy Tvadlluauee Jadeniudsla
AudenuuayInusTIn  WusnIse  giAuiu uag

9
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al < v
ANULATYA LUUAY

Wy5a3 TN

Tsndmandunildlulsanidnngiiiaiy
Fudauiiiosnninaredadefiduiusaeonisiin
sn  Tuthgtuinguiildedurenedaisineves
TsAdnnndafiauduiug fuansdeussamnane
Nog) Lawn

1. Dopamine hypothesis 85U1883115
Fauvesansieuszam dopamine (DA) 7129956149
Fadedosiulsndmanssellil

- Mesolimbic pathway fin1suda DA fisnn
HaUNAANELDIEIU ventral tegmental area (VTA)
TUfissy D, Ushmaues nucleus accumbent
AuusAUeIN1TAULIN (positive symptoms) U89
15AALAY 1B ain (delusion) Uszamuiaau (hal-
lucinations)  #AMURAUNAVBIANALALNEANTIY
(disorganized speech and behavior) fefnsll
wdeulm (catatonia) sy

- Mesocortical pathway fin13nds DA fitfos
Aaunfannavesdiu VIA TUfidasu D, UStanemeg
prefrontal cortex duWRUSAUBINITAUAU (nega-
tive symptoms) v04lsA3aAn 1wu @ntiensual
WRewe Weves Woswn wondandsa 1udy way
é’uﬂ’uﬁﬁummié’mmsiﬁm (cognitive symptoms)
WU AUTIUANTOY DI9EUNS ALEINITalunIS
NeukazNsdndulaunnses

- Nigrostriatal pathway §in1suds DA a0
substantia nigra TUfiFSU D, uaz D, U3 stri-
aum fvthilmuaunisiadeulm

_ Tuberoinfundibular pathway fin151&s DA
211 hypothalamus TUfissy D, i pituitary gland
fvthiimueumsvdseesluulsuaniu

Tagagy lsndnamiAnainnisuds DA wnin
Unfli mesolimbic pathway dusiusiuainisau

UIN Wariin1snas DA UssiaUn@lu mesocortical

wandfinslea envlabmilungueninuwilsainguiany

pathway &uUNUSAUDINIIAUAULAZDINITAIUATS
Y udlifiaudaun@lunisvas DA ludaves
nigrostriatal Wa tuberoinfundibular pathway

2. NMDA (N-methyl-D-aspartate) recep-
tor hypofunction hypothesis 85U18830115¥11914
fiRaunfivesansdeUszam clutamate FaAnan
MIUUNNToaiTu  NMDA  fiauesudiial
prefrontal cortex, hippocampus Wag thalamus

v 6

FUTUSTUOINMIIUAY UaraINITATUNITIAN

inauinsIdadelsadanm’

Tudgu  inaimsitadelsadnan e
Diagnostic and Statistical Manual of Mental Dis-
order-Fifth Edition (DSM-5) «84@u1ANIALNNY
andgouiini fornsdeeludl

. flomsseluilognetion 2 013 Sy
oy 1 1o Tneflennsednaosniledeluaude
WA

1. 91n157adiA (delusions)

2. 91n15Uszarasu (hallucinations)

3. danuRaUnAveAnn WAFUEU
(disorganized speech)
4. fwgRnssuliivnzay AaunAluain

G lhduiivensuludsay (grossly disoreanized
behavior) Wieflonsudsiiolsiindoulm Fsoglu
vty (catatonia)

5. NEN8INITPNUAY (negative symptoms)
1 wtles (alogia) W@eswn (avolition) e1sualile
(blunted affect)

v, fidgymviseiinansenusansleTdin quain
ounfBveIUes M3 wazdiiusamderdulu
#9Aw (social or occupational dysfunction)

A, femsreiiesedntes 6 Weutuly Tae
AelloIN1sluszeznISy (active phase) #5901Y
naste 0 wwegetes 1 Weou uazTingaedia
91n15luszezeInsidn  (prodromal phase) 39
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3¥8EDINIINAUNAD (residual phase) fionanuiiies
DINTATUAU W3INNSIUTE N DYDY 2 DIATT

1. Tsn3nonsual Tseduedn Tsmensualanstn
argnIfdadyeanainlindnnm

2. omsladldAnanaumgdu q wu Tsams
N8 &1 NIBANSLEANA

2. flhefisyiRnguoefiain videlsaiAen
fumsdoansaauitouin a3tadelsamadananise
dleflennswasianseninisuszamvasuiiaudn

Wunanednetios 1 Wausiusne

nsinelsndInnm’’

ns¥nulsadnny wsoonidu 2 Ussum fail

1. msdnelagladlden 1w

- m33nwsielnili (electroconvulsive the—
rapy, ECT) iuns$nwniiiiseavsnanlugvaedlsl
PoUAUDIINTINYITY  sdeleiionns
AiFuiiingAnssuiidnsunssogisnn Vil
Feanisan1sinuifisannazlianunsnsesses
naN1seengrsveingulsEule

- N133NWlAENITUSUAILARLAZ NG ANTTY
(cognitive behavior therapy, CBT) fiUusyanswalu
N15aneINIsAUUINKaTAUaY  Inganizlugtae
Inaniiflenisvaundesy (residual symptoms)
WU uend esualile nndna drelinunmdin
wazinuenisdndseuvesdihedaananye Wudu

2. mssnwiteelden  Dumssnemdnves
lsndoam  Ingnmisufuseiuvesansdedszamly
anowhlieInsmeInftuauanasaauaaIng

wazannisAnsugivedlsald  ludagduensnw

A15799 1 31AT09815N 10N ININFUIVTY
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91N15M193n  wseenaunalnnisesngns 1By 2
naailvgy 9 loun
2.1 gr¥nwilsndnjuiinils (first-genera-

tion antipsychotics %38 typical antipsycho-
tics) aaaqwéﬁué’?&ﬁa%’u DA Tuanesausng 9 o
DA pathways oA

- Mesolimbic pathway endudnu D, i
nucleus accumbens IWNAAADINITANUUIN LU
UgaMnanu Lag Nadie

- Mesocortical pathway endudingu D, i
prefrontal cortex fuavinleIN1TATUAULERS LUU
@osn watley ensuaiiie vinwanlalunisidn
Hmuagianssufiasanls sauksenisdunssan
WA LU ANTIUNNTDY VINANTT AIILAINTOTU
AFINUHY N15INTT wazsindulaanas

- Nigrostriatal pathway endudaingu D, i
striatum  LAANATILAEY  extrapyramidal  symp-
toms (EPS) 1wy Anvndnuniednngs (acute dys-
tonia) 81N1INTLIUNTEIY (akathisia) ©I1NITAATY
W1sAUEY (parkinsonism) 81n138n8e (tardive dys-
kinesia) ey neuroleptic malignant syndrome

- Tuberoinfundibular pathway edudaingu
D, 7i pituitary gland iinratnades et iuszey
TWsuamiuluden vnlhintulna (salactorrhea)
Azwudlalugane (gynecomastia) Usydifou
hjaﬁuaua (iregular menstruation) aEAIY
UNWTOIAUNAGUNUS (sexual dysfunction)

n¥nwilsadnfuinds  fanuanansaluns
Fudasau DA Tdumnsedy Snsudaszaneny
anusslunstiudasngu DA fuandlumsned 1

Antagonistic D_ effect

Typical antipsychotics

Low
Moderate
High

Chlorpromazine, thioridazine
Perphenazine, trifluoperazine

Flupentixol, fluphenazine, haloperidol
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2.291¥nw1lsAdnguilass (second-
generation antipsychotics %38 atypical anti-
psychotics) Tawn amisulpride, clozapine, lurasi-

done, olanzapine, paliperidone, quetiapine,

risperidone wag ziprasidone \Hufu

¢ o
a o v

YUY

'
=

U

gnlunguileangm $u DA leuien

=

Analunissnw1a1ns

1Y Q‘d‘

LAOUUDAN

fugn¥nunlsndnguiiv
AuuINtakiuangneiy wilandensnw
Tsndnguitnils Ae Husvavsnalumssnwennissny
au 8IN13A1UNSIAN SIudelsAngeIsNal (mood
disorders) l§annalnnissudasafu  serotonin
(5—HT2A , 5—HT2CI, S_HTQ WAy 5—HT7) i mesocortical
pathway fuaLa DA Naussdiu prefrontal cortex
uananiieninuilsndnguilaes  duauiy
DA Tnwoengisudassu 5-HT fi nigrostriatal
pathway Waz tuberoinfundibular pathway 4l
HatAes EPS waznnelusuamiulubengtes
n1¥nunlsndnguiindsmnudidu ednslsfnnm
wus1g91uaadssluduilatasiuunuedn
(cardiometabolic risk) 1y thwiindufin seei
ABLAALADTBA ML DAEN nmstiudasiy 5-HT,
uay H, Tngelunguiifiaruannsolunsduiush
Sulauananaiy - dewalvidiveyaeinislificsyase
uans1aiu’® Fanandlunsied 2
1uﬁaﬁ;ﬁuﬂfgmﬁe?ﬁzyﬂums%’ﬂm;Q’U";&J
lsadoiande  Anulisiudielunisiuuseniuen
FasiniAnannansave nilsluainaiiddafe

511,12

21715 AU EAIRINe WU EPS AzlUs—

wapfuludionas  iuaadsslusuilawaziu-

wandfinslea envlabmilungueninuwilsainguiany

WAUBAN 929TU TIUTNANTIOULAUNITIAR (cog-
nitive function) Mugas Feiin1swaelml laedl
Ao w & £ <
Wnenddgy As n1seengvsvese iy DA par-
tial agonist LWeunandeveINslusUsEasAin
Pu Fausngnnslea (brexpiprazole) difauauysiv
dfnyianany anviedalinauandfou o deleyanay

uanssiolull

Uayavasen brexpiprazole®
Hoyavialy

Brexpiprazole fidomaniin 7-4-14-(1-ben-
zothiophen-4-yl)piperazin-1-yJbutoxy]-1H-quin-
olin-2-one uazgnslatana C H NOS lailgns
lassaiauanslugui 1

eifismieluensin Rexulti® Taeusom
Otsuka Pharmaceutical 1A 1ugunudming

sUnvvgndugndandeuiidy  (film-coated
tablet) &l 6 wwm laun 0.25 faansuide 0.5

a a o

Jadnsu/dln 1 fadnsuadle 2 fadnsuadia 3
fadnsu/din way 4 fadnsu/die (@1unsa9n wus
wazuALinenle)

g 13-16

AMENUANILNTYNAAEAT

Brexpiprazole 1Jugnsnwlsadnguitany i
nalnniseangnsudnlunisinwlsadaanlaenis
1d
u

(SDAM) Bsoengvidnszusaiu 5-HT (partial ago-

serotonin-dopamine activity modulator

nist) uaz D (partial agonist) lalnalAgsiu uavdl
ANENINTATUAITUAISY 5-HT_ (partial agonist),

5UN 1 gnslaseasne brexpiprazole

o

SySeul inwad

7
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O _ (antagonist), D, (partial agonist), 5-HT  (anta-
gonist) wag O _(antagonist) Ingeunlusedu sub-
nanomolar wenanien brexpiprazole é’aaamqmé
Juiusisu D, (partial agonist) uaz 5-HT (anta-
gonist) laluseAugs Fuiumu 5-HT,_ (antagonist)
uaz H_ (antagonist) laluszaiuurunans wazduriu
#%u M. (antagonist) ldniten Fauamslussnail 3

lusuusy@nswa  brexpiprazole @130
Shwremsiuuan Mnnalnnissudaitu D, i
mesolimbic pathway HazaI1T03A¥I9IN1TAU
aulnednaauifnulunisidu potent 5-HT , par-
tial agonist i GABAergic interneuron VT’ﬂﬁLﬂlum'ﬁ
w&1 DA UShinuauasau prefrontal cortex faan
2INTAUAU DINTINAINALASTILAST Auandly

SUN 2 39iimslY brexpiprazole wiaaSunsinwm

wandfinslea envlabmilungueninuwilsainguiany

(%

lugUrelsaduesile wonanlldedl  procognitive
effect $IUDININTEAUNITU D, (partial agonist)
wazifudasiy 5-HT vinlsfamssaugiunsifnues
faeTmamanu
TusuoinshinsUszasa brexpiprazole
sengristudeasu 5-HT vilsifiun1snda DA 7
nigrostriatal L@z tuberoinfundibular pathway 3
ananudsdlunisiin EPS uaznmzlusuaniuly
Hongaln auEu Belunindhy brexpiprazole &
annsanszdufau D (intrinsic activity) ldios
yilvernslifisuszasdiiAnannsnsedusiiu DA
LU §INITNTLIUNTEANY NTEdUNITEY (agaitation)
LLazlzmqmﬁq (activation) anas uoNIING brexpi-
prazole fquisdudssdu H uag 5-HT leitles 34
fonmslifisrasiSomsiudings wavaanu

M99 3 AIANAINNTALUNITIUAUAISU (binding affinities) ¥ilAsin4¢) Y049 brexpiprazole Way

aripiprazole'

AMUAINTO LUNITIUNUAISU

¥UAVDIRIFU (receptor)

(Binding affinities)

Brexpiprazole

Aripiprazole

s¥augasnn (Very high)
(subnanomolar Ki< 1 nM) O(1B (0.17 nM)

D, (0.3 nM)*

5-HT (0.12 nM)*

D, (0.3¢ nM)*
5-HT (0.36 nM)
D3 (0.8 nM)*

5-HT_ (0.47 nM)
2A

o _(0.59 nM)
5EAUES (High) D, (1.1 nM)*
(K1-5nM)
seaul1unas (Moderate)

(KWS - 100 nM)

H, (19 nM)

SEUs (Weak)
(K > 100 nM)

5-HT, (3.7 nM)

5-HT (34 nM)
2C

M, (> 1000 nM)

5-HT (1.7 nM)*

5-HT (3.4 nM)
2A

5-HT (15 nM)
2C

. (35 nM)

o (38 nM)

5-HT, (39 nM)

H, (61 nM)

M, (6780 nM)

* Partial agonist
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o
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Partlal agonist

5-HT,,

@
v 23
:%' Antagomst

%,
- 5. HT,
@ Antagonlst
b GABA \[iP‘
5HT

5- HTM
0@°‘e

Mesocortical pathwayand =~
receptor targets for hypofrontality

U

Fdowuhlawaziwunuednanas sndliiinasiosn
fu M, Sdliwuemslifisdsvasd 1wy Uinaeus
a1 vioewn aanazaiuin dredu usiu'>

w11 brexpiprazole HlAssasIavaLALlLaY
quSmanduineiadnendaiu aripiprazole duen
%ﬂwﬂiﬂ%ﬂuiuﬁam uel brexpiprazole Hvauan
#1990 aripiprazole™' il

1. anuausalunisdudisu 5-HT , (partial
agonist) WuU31 brexpiprazole HAuaINITalUNNT
JudaTugendn aripiprazole 10 Wi Asuanslunisa
7i 3 Fauunlilalunisshwieinisaunisian uas
omssuauliindiledieutiu aripiprazole 8nii
Tugruenisliisuseasanu EPS latles (indirect
effect)

2. anuausaluniseangningsdusn
U D, (intrinsic activity) wudn brexpiprazole &
anuansnlunanseduiulddingy  aripipra-
zole Usvanm 2 Wi fauanaguil 3 afn e

ASLIUNTEINY hay Nedunszdly leusenIn ari-

046n

Improvement in negative, cognitive and D,
depressive symptoms

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:39-56

@ = Brexpiprazole

@ DA = Dopamine

U =GABA

e

Partial agenist

™ PFCX (Prefrontal Cortex)

U7 2 nalnn1seangnvesen brexpiprazole!’

piprazole

3. Awanunsalunsfudsay o uae
5-HT WU brexpiprazole danuauisalunis
gué’jﬂﬁﬁﬂﬁqmdﬁ aripiprazole 10 191 A4LAAY
Tums19i 3 GhlAfinn1smas DA) i nisrostriatal
pathway Fsfuwnltumsifin EPS lddesniuile

\Wisuiu aripiprazole

AuautAnndvIauaans”

N139ATUEN

Brexpiprazole gnaaduladlumafiueIvis i
ANTIUSEANSNG (bioavailability) winduseeag 95.1
pnsliiinasienisaadue sedvenlunanaunasan
wassulsEnIue (t )4 Fla9 warseiuenasings
Palenld 10 - 12 Ju legszavenludeniinau
Fuiuduuududunsatuunendilit (inear phar-
macokinetics)

N13N3291887

Brexpiprazole @mnsasuiulusauluidon

Keatsathit T, Saicheua P
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_T

Antagonist
HALOPERIDOL

Antipsychotic

Efficacy YES

YES

Dz Receptor Activity 0% 30%

EPS Risk HIGH

Partial agonist
CARIPRAZINE BREXPIPRAZOLE ARIPIPRAZOLE

wandfinslea envlabmilungueninuwilsainguiany

e

Agonist
DOPAMINE

YES NO

43%

100%

LOV NO

5UN 3 Anuduiusseninsanuanunsalun1snseduiisu D2 (D2 receptor activity)

wazAMULESIlUNISIAR EPS Ua3815nwlsadn

leaaninfesar 99 egnlsiniu 91nN1sAnwY in
vitro A13le brexpiprazole yidsmansenusosi
Julusiuludonlege 1wy warfarin, diazepam way
digitoxin Wleldensiuiu®® wazUSuimsnisnszany
8189 (volume of distribution) Uszanal 1.56 +
0.418 Anssiothmiing 1 Alandy

msUasuan e

Brexpiprazole Qmﬂﬁauamwﬁﬁmﬁwé’ﬂ
Ingo1deNIzUIUNT oxidation Wutelesl CYP 3Ad
waz CYP 2D6 2nN1SAN® in vivo wuluunuelad
mawﬂugﬂﬁhjﬁqwé (inactive metabolite) A8
DM-3411 11nninsevas 10

N13ANAAYN

Brexpiprazole gﬂéﬁ’uaaﬂmqf]aanﬁaaaz
24.6 uay gansrievay 46 lnsegluguilindsu-
washullaamedesas 1 wazegluguilinasuuuag
Tugaansz¥esay 14 feaTeTinUszana 91.4 Halug

7

o

SUUTEMUILAY 1-2 ASHVITTLU

Unsensenineen

Brexpiprazole Qmﬂ?auamwiﬂmaul%ﬁ
CYP3A4 uay CYP2D6 satunslésueniiinasie
nsiuveseulvazinadalndvaauransves
brexpiprazole il

1. M3l brexpiprazole sauifueniiduaduds
nsviauveseulsd CYP3A4 (CYP3A4 inhibitors)
WU itraconazole, clarithromycin, ketoconazole
way CYP2D6 (CYP2D6 inhibitors) 16k bupropi-
on, fluoxetine, paroxetine, Wa¥ quinidine VRl
AULTNTUVDY brexpiprazole Tuldon (Lansnaa)
AUC
diuduferay 94 fs 97 udmanududugageues

Faduanunldnsvsesueludanduial)

brexpiprazole Tuidan C ) TiUAsunUas wagyn
19 brexpiprazole 52U CYP3A4 inhibitors Waz

L NIVUN @YD

ar
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CYP2D6 inhibitors fikawitl AUC w8481 brexpipra-
zole 161 5.1 1

2. m5W brexpiprazole $afuenfiuniieath
nsvhauvaseulesd CYP3A4 (CYP 3A4 inducers)
L carbamazepine, phenobarbital, phenytoin,
rifampin, Wag St. John’s wort fkaan AUC wag
C . ved brexpiprazole $o8az 73 uaz jovar 31
2P RN

wininsldenfifinasiessiu  brexpiprazole
luiden wuzihlwlsusuinen brexpiprazole #1u

ANS99 4

ANSANYINIeAATN

PNATNUMIUITIUATTY ANUUTEAVSHAUAE
ANNUaniBIBIeT  brexpiprazole  lun1ssnwn
TsadaLam nun1saneIn1epatinfiddy il

1. AsAnenUIesulisudseandnanas
AMUUaANBYBY brexpiprazole Aug1vasn

1.1 Kane JM uazAay (U w.e. 2558)"°

YINASANYIUSEENBNaLazANNUABnABYBY  brex-
piprazole TugUagene 18 - 65 U 91w 674 AU
flgsunsidadeindulsadaaniidonnissniu
LRUUNSUAULUINIUDY  Diagnostic and  Statis-
tical Manual of Mental Disorders, 4th Edition

(DSM-IV-TR) Imagﬂuummﬁ%’mﬁu multicenter,
double-blind, placebo-controlled ﬁﬂ’lﬁﬁju
iegafiinTumsfinvnludadi 2:3:3:3 Tild
JU brexpiprazole 1, 2, 4 #aansu/u wazeImasn
puddiu  SaguszasanisidevanidunisinAinis
\WauuUauaReresnyuiusiy Positive and Nega-
tive Syndrome Scale (PANSS) #d3lasu brex-
piprazole i 6 dUami Wisulsufunowsunis
Anw lag PANSS AauuuUssliluainugunsaens
mednvesiinednnviidomn 30 do uiasdouts
anugussioandu 7 szau (1 = ldflems 89 7 =
191NTTULTININ) AZUUETIL 210 Azuud (< 58
AziuY nedsllslanios, 59-75 AzLUW MU
Yawdunany, 76-95 Azuuu wunenslenn ey
> 96 Azwuy ynefehesuusy) lagAadeved
ATULLLTI PANSS 109ftheimuanouunising
A9 95.0

nanFITeluiulsEASnanuin Aadenis
WA UL UaIAZLLLTIN PANSS TidUniil 6 ilewUseu
ieuturewsunsine nqula3u brexpiprazole
1,2, 4 fadnsu waze1nasn Av -16.9, -16.61, -20.00
uag -13.53 ANEIAU LLazWU'jmzjmﬁlﬁ%’U brexpip-

v A

razole 4 §adn5u JATwUUTIN PANSS anadndunns

o w a

7 6 pgtTydAAUMIEDALaWsuNUsaan (LS

]

d' U U Ql'd U % . I 13
A1519% 4 nMsusvawInenntladeniinanesyau brexpiprazole Tuideon

Uadeniinanaszau brexpiprazole

n1sUSuILINeN

CYP2D6 poor metabolizers

CYP2D6 poor metabolizers taking strong/moderate

CYP3A4 inhibitors
Strong CYP2D6 inhibitors or CYP3A4 inhibitors

Strong/moderate CYP2D6 inhibitors with strong/mode—

rate CYP3A4 inhibitors
Strong CYP3A4 inducers

APTUINY1AI5088Y 50 VBIVUINYIUNG

APTUINYIAI50UY 25 VBIVUINYIUNG

APTUINY1AI5088Y 50 VBIVUINYIUNG

APTUINY1AI50U8Y 25 VBIVUINYIUNG

q' [~ 1 a
WLYUIREILUU 2 111 UB9vUIReIUNG
Aelu 199 2 dan
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mean difference -6.4, p-value = 0.0022) Fapzuuu
fanasediitudfgynsadfegluidesinisey
U3n (PANSS positive subscale score) Waga1ng
puau (PANSS negative subscale score) (p-value
= 0.0166 uay 0.0231 awaw) luvauzingudils
SU brexpiprazole 1 tay 2 Uaansi WUAZLUU
53 PANSS amasdledloufuenvasn  usliuan
sienueealitdAgy (LS mean difference -3.37,
p-value = 0.1588 way LS mean difference -3.08,

p-value = 0.1448 MmuaIAU) Lagwuinsosay 48.1
1umjm'7i1§f brexpiprazole 4 fiaansu In15MOUAUDY
FON133NWININAINTOAE 50 (RR 1.6, 95%CI 1.22-
2.10, p-value = 0.0004) wonanii Sswuirlungudi
175U brexpiprazole 4 fiadnsu dazuuusiu CG-S
anased eivedfyvadfdiefisutueavaen
(LS mean difference -0.38, p-value = 0.0015)
1ny Clinical Global Impression-Severity (CGI-S)
Aa LUUUTZHIUTEAUANNTUILIIYDI0INITNNIN
(1 Azuuy vunedelinvoinsvedlse, 7 AzLU
Mmaﬁqmms;mmﬁqm)
nanFiseluiunulasndy Andunsuuy
NNITUTEU Simpson-Angus Scale (SAS) R
HuedesilefliUsziliunuguusiveserns  par-
kinsonism  Tiinanensnwilsadn (Avuuuads >
0.3 Vnedafne1n1s parkinsonism) wazALade
Akathisia Rating
Scale (BARS) #dlduszifiuennisnszaunszane (0

AZLUUININASUTELY  Barnes

ATLUY Wnefelddennis, 9 AzLUY WNefie1nIs
suus) lawuanuuansnsegneiiodndnlungudls
$u brexpiprazole 4 fiadn3w/u dlewFeuifisuiu
gavaan ((SAS: LS mean difference -0.03, p-value
> 0.05) way (BARNS: LS mean difference -0.02,
pvalue > 0.05) awudwu) Taeszevanfiisuin
omsnszaunsy e anlnaiietulugag 3 e
usnvesnsinunazlifinianganisinuaiilesain

21NslfUTEasAnana  egnelsAmunudIuIu

wandfinslea envlabmilungueninuwilsainguiany

faefifinngivsuaeiulufengadulunguillasy
brexpiprazole 4 faaniy mﬂﬂ’j'mfjuﬁl@f brexpi-
prazole 1, 2 fiadnsu wazeIRaNA AU (Fovaz
19.1, 5pvay 16.4, Sovaz 10.5 uag Sovay 13.9 A
o) dwsunmsimdndufinty wuinguild
U brexpiprazole 1, 2, 4 iadn3u LLazﬂEjuﬁlﬁ%JUEn
vaon fvdnduedeiiuty 1.23, 1.89, 1.52 uas
0.35 Alan3u Tuduavidi 6 auddu

ﬁqﬁ?u ANNSANBINUIY brexpiprazole 4
fadnsu/du dusvandwalunissnwlsaIaunnluse—
pzo1IMSABUBIUNEY  HeInseuUINLasE
auldfindevasn wazlonnishifisUszasdidndy
WU parkinsonism uag 2IN1INTTIUNTT MY LLAN
AN9ANEIaen WAn1siY brexpiprazole fwavinli
dndnfuarseauisuaniuludeniiniuie
Wiguivevan

1.2 Correll CU wazpdy (U w.A. 2558)°

AN IUIZANSHALaZANUUADAABYDY brexpipra-
zole Tugfthweny 18 - 65 T S1uau 623 au fild3y
MeitaseIndulseinaniiiennisiisudeunduy
ANULUIMUEY DSMAV-TR Tpggunuunuddeiu
multicenter, double-blind, placebo-controlled
finsduiegnefidnsunsfnuiludadin 1:2:2:2
Tilasu brexpiprazole 0.25, 2, 4 fiaan3u/iu az
gweon  sudy  Taefinnsidedsansigl
nauflesusuun 0.25 fadndu lallsduszansnalu
mssnwasnauildsuemue 2 uay ¢ adndu 7
Usgansualumsiny 8198edeyandeyanounis
Weoneedin TnguszasAndnveinisideidunisin
AnsasuulaiadevenzuLTIN PANSS 71 6
FUansh Wisuifleufunewsunisine Aadeves
ATULLLTIN PANSS 109fthevimuanouunsfing
A9 95.2

namFITeluiulsAninanuin Auadenis
\WasULUAWBIAZLLLTIN PANSS fidUnwidl 6 il
Wisuidieufunousumsanu nguitle¥u brexpi-

SqySad Inwatnd, wswun aeitio a9
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prazole 0.25, 2, 4 #adn3u wazeviasn Ao -14.9,
-20.73, -19.65 uay -12.01 MUAIAY UaynUIINGY
7l#5U brexpiprazole 2 uay 4 fadndu fanade
YDIATWUUTI PANSS anasiidunniil 6 egheflidy
ddnymnsadfdefisuiuemaen (LS mean differ-
ence: -8.72, p-value < 0.0001 gy —7.64, p-value
= 0.0006 MUEWU) TnENUAZLULARE PANSS V81
91INTAUVINLATAUAUARBI 19T TBEAEYNI9
@i (p-value < 0.05) LLaSIuﬂE]:uﬁlﬁ%JU brexpipra-
zole 0.25 fadndu HAwaduvesnzuuusan PANSS
TiuansnsegafideddydlonSeuiieuiuevaen
(p-value = 0.3) uaﬂmﬂﬁiuﬂﬁjmmﬁ%ﬂ brexpipra-
zole 2 uaz 4 Fadndu fAadsvesnvuuusin CGIS
anaseghelldudfynsadfdediouiuemann (LS
mean difference -0.33, p-value = 0.006 uag LS
mean difference -0.38, p-value = 0.002)
lumuanuUaende auRnisal parkinsonism
Wz ©1n15n32aUnsyane Usediulaeldaade
AYWUL SAS Way BARNS @uanau luwuanuuan
Gi'mﬁuasmﬁﬁaﬁ'lﬁfﬂuﬂﬁjuﬁlﬁ% brexpiprazole
dewssuidleuemasn (pvalue > 0.05) oedls
AnnunuanadsszauTusuaniuluifengstulungy
l§u  brexpiprazole  usliifinnuunnsnsegnad

v o

HedAgydlaiuiueIasn  LagnusIeunmin

'
v a

Fufuluduanid 6 Iﬂaﬂfjmméj brexpiprazole 2, 4

a a

Tadn3u uaznguilasuemasn Tuwiinduadeiy

4

U 1.45, 1.28, uay 0.42 Alandu MINAIRAU WANU
nsuiiusziuimauazlnsnIwelsaludenliunn
Gh&ﬁ’uslumjuméj% brexpiprazole iloiU3auiiey
FunousunsAny

é’faﬁ?u 1NN1TANWINUIT  brexpiprazole
A 2 way 4 adnsu/du duseandualunissns
TsAdmaniitennismisudeundy seenniseuuan
wagiuaulaannevaen  lusuauUasndeny
parkinsonism Wag 81N1IATLIUNTENE MILANATS

NYIVADN DNNILUNUNTHANTLAUUINE bHSNI—
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welsd uarlusunafulueniigsiuedieideddny
peg9lsAnunsid brexpiprazole fnavinlsionin
Fufiutudioisuiuamaen
1.3 Meade N uwazmuy U w.a 2563)%
IMIANYAATILNFULUY post hoc WWSBUiEY
UszAvisnaves brexpiprazole fugmasnilussey
Suuarsveven luftheeny 18-65 U Aldsuns
adeindulsadnanidenn1ssunssmunuInis
989 DSM-IV-TR Tnenmsdnwnsvesdy fvevun 3
Msfinw Anpunansnwfidunii 6 sUkuuNY
Feedu randomized, double-blind, placebo-con-
trolled Sruaugthefitrsmnsdnyids 1,405 au
uneiildfe brexpiprazole 2 - 4 1aansu/u uag
MSANYSEEYEN SRR 2 N15ANY HRALNANS
Snwiiduanid 52 fsuuuuaAdedu open-label
extension lulszanns 412 Ay awnendildie brex-
piprazole 1 - 4 §adnTu/Tu IngUsvasananuednig
Wefo AnsUAsuLlataievenzLuLTIN PANSS
fidUaiil 6 WiowSeudieufuevasn
Han1sIdelusuUsEansnanudt  naugUae
Iﬁﬂ%mﬂmﬁﬁmmﬁmmmm (AZLUL  PANNS >
95) 165U brexpiprazole 2 - 4 fadnsu Fi&Uani
6 fifuadenisanawednzkuusIl PANSS 11nn3
s efifeddyvsadnidowiouiisuiugmaen
(LS mean difference -6.76, p-value <0.0001) kaz
Uszilluszduanuansalunsimiiiidiuyaaa
wagnedenuvey aegld Personal and Social
Performance scale score (PSP) AzlbuusIn 100
ATLUY (1 uNedewguin, 100 wU1eneRuIn) 310
NSANYINUIN brexpiprazole 2-4 fadnsu e
\AUDIAZIUL PSP Lﬁﬂ%ﬂﬂﬂﬂﬂﬁﬂaﬂﬁﬂﬁﬁﬂﬁﬂﬁ@
n9adn WewFeudieutvemaen (mean differ-
ence 4.38, p-value = 0.0001) d@wmsun1sAnE
Uizﬁw%miuszazmawudﬂumjmﬁlﬁ%’u brexpipra-
zole @NN30AIANRAEATULLTIL PANSS Tianasly
ynvdeldaudedunnsiil 52
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anmshifisUszasafinutes  nnindevas
5) fidUn% 6 aeamssnen Toun ueulindu Ui
fswy DINNINTLIUNTEIG UATHUALRAELNAINGY
Lﬁusﬁuiuﬂejuﬁiﬁ brexpiprazole uag 81maen Ao
1.5 uag 0.4 Alansu dmsunisAnwiszerinuing
Lagﬁﬁjﬂwﬁﬂﬁuﬁm%ﬂuﬂﬁjumﬁ brexpiprazole 2.7 -
4.4 flan$u waslinunadnafesduiinfiufiunnsg
MNMSANESTOYaY

Fodu 9nmsanvsdudldiun brexpi-
prazole UM 2 - 4 HadnTu/iu UUszaSNawile
nemeenlunisinulsadmaniiionissuuse i
9INIANUVIN DINNIAUAY  wazvi b elseau
m'mmuwsﬂiumiﬁmﬁwﬁdauqﬂﬂaLLawmé’mu
Anvusdlunisdnuszosideundunaznisnuily
syezen  luiuvesanulasaiylinueinislui
UsyasATIuIse uANUTIBUN T NF LY
NNI5LYEN

2. msAnwdSeuiisuyseansnanazay
Uaannevas brexpiprazole NV aripiprazole

2.1 Citrome uagatg U w.A 2559)"

MNSANUUSHUNBUUSEAVBNG dusIaULAIUAIT
SAnLavAuUaeniesEnine  brexpiprazole Way
aripiprazole TugUagene 18 - 65 U 311w 97 AU
flgsunsidadeindulsadmaniidionnissniu
RYUNTUNLLEINIVBY DSM-IV-TR SURUUUATY
WHu multicenter, randomized, open-label gy
HurAdeszert 3 leefinisdusediedidniau
nmsanwndudndiy 2:1 Tilasu brexpiprazole 3
1aan3u/u wag aripiprazole 15 #adniu/Au sso
AINITIAY 6 dUAW udIRU TngUsTasAnaNUed
mMTedunsinanisdsunlanedsvenziuy
590 PANSS Aeuliienuazdunviil 6 aesnslasuen

INMSANYINUIIARAEAZLULTIN  PANSS
amaﬂumjuﬁié’%’u brexpiprazole (LS mean differ-
ence -22.9 AzluU p-value < 0.0001) wag aripi—
prazole (LS mean difference -19.4 pguuu p-value

LA

SeUSaU INWADRg, WITUN ANED

1

wandfinslea envlabmilungueninuwilsainguiany

< 0.0001) wansdsUsz@nSNalunITaneIN1INIeaN
voswiasingulfedeliteddymaadi  uagny
JAzuuL PANSS anasetsdnausous dUansin 1
suaaﬂ’lﬂéj‘%JUEJ’lflgﬂaaﬂmjm (brexpiprazole; p-value
< 0.0001 way aripiprazole; p-value = 0.0005) 8n
ﬁgﬂuﬂzjmﬁié’%’u brexpiprazole &115080INT
yusunduuay (impulsitivity) SeUsziiulagld Bar-
ratt Impulsiveness Scale (BIS—ll)ié’ﬁﬂﬁ’]LﬁaLﬂ%U
LﬁﬂUﬁUﬂ&juméﬁ'U aripriprazole (brexpiprazole;
mean change -2.7, p-value = 0.0392 Wag aripri-
prazole mean change 0.1, p-value = 0.9716) wag
dleusziuludunansznudenisiausess fures
Avae luideduiusnmszninauana way n1siu
fivousuvasdiny wadldsueSoufisuiudeusy
T Feuszdulagld Specific levels of Functio—
ning Scale (SLOF) WU’i’]ﬂdﬂJﬁlﬁ%ﬂJ brexpiprazole
fidnnsdsuulasadoresnsuuy SLOF 1nni
ﬂ&juﬁléﬁu aripiprazole g NHTYEIAYNNADH
(mean change of interpersonal relationship:
brexpiprazole 2.0, p-value < 0.0065; aripipra-
zole 1.1, p-value = 0.0824) waz (mean change
of social acceptance: brexpiprazole 0.7, p-value
= 0.0223; aripiprazole 0, p-value = 0.8201) i
NUNSUAULUAIUBIAZILY cogstate fuanads
ausTUzsUMsAnTdUAT 6 lleSeuliiouii
reudumsAnulufiheviaesnduuaglavhly cog-
nitive function LLEJ'aﬂuﬂEjmméf brexpiprazole

Tusuenisliditauszasd wugdnisalnsiie
9ININTLIUNTLINY Tumjmﬁiéﬁu brexpiprazole
(Sovaz 9.4) ﬁaaﬂﬁwmjuﬁlﬁ%’u aripiprazole (5ovag
21.2) wazdlmdnsaufinduliunnseiu (brexpipra-
zole Sovay 9.4 Uaz aripiprazole Sovaz 9.1)

ey ann1sfinwInudn brexpiprazole 3
faandu/u  dusz@vdualunisinuilsrdaanlaly
WANENAIN aripiprazole 15 NadnTu/ AU Wel brex-
piprazole  @1130AADINTUAUNURAULALYIY

%
]
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Iﬁﬁgﬂ’mﬁwﬁ’lﬁ%ﬂﬁmﬂﬁaﬂ’h aripiprazole Tusu
AMNUADAAY WUBINITNTZIUNTEINY tatpsnitlu
ﬂ&juﬁléf% brexpiprazole wazdisneauming
Lﬁ'u%uié’lajLmﬂgmﬁ’mwd’mmjuﬁlé’%’u brexpipra-
zole W@y aripiprazole
2.2 Kishi T wazanz U w.a. 2563) ¥

nsAnwIlIsuisulszansnatazaulaonde
¥ brexpiprazole, aripiprazole wazeIvasn
Tuiithelsednanifonnsiidudeundy  suuuy
3Ty systematic review LLag network meta-
nalysis ﬁgwuﬂ 13 m'iﬁﬂw’]ﬁﬂu randomized,
placebo-controlled trials (12 n1sAnwdu
double-blind way 1 nsAnw Ty open-label) Tng
wiady 2 ngu Ae nauiilésy brexpiprazole 2 - 4
1aan3u aripiprazole 10 - 30 Haansu wazemasn
S2EEIAMMTINY 4 - 6 FUaW TngUszasavanves
NTITLAD NMTRUAUDIRENITI N INAILATUET 1ng
nsUszfiuAnsiUasunUanaderesny wuus
PANSS > 30 %39 Azliuy CGI-S 1-2

mﬂmiﬁﬂmwudwﬁy’q brexpiprazole &g
aripiprazole {N1SMRUAUDIRNDNITINBINLDNINYT
naonadalidedAynenn (RR (95%Cl): brexpi-
prazole = 0.84 (0.77, 0.92); aripiprazole = 0.84
(0.78, 0.92)) uazigUinisallun1sveaeanyn
awndesninemasneglitedfymeats  (RR
(95%Cl): brexpiprazole = 0.83 (0.72, 0.95); ari-
piprazole = 0.80 (0.71, 0.95)) umeeglsAnuny
enuAmsinsfiutunnnidesas 7 e
Fleufunoudumsane  ansa brexpiprazole
wag aripiprazole 1NNIEIMADNBENATEALY
N19an@ (RR (95%CI): brexpiprazole = 2.14 (1.35,
3.42); aripiprazole = 2.12 (1.28, 3.68)) w13k
faUsvasddu 9 1wy 93380 91N13N5EUNTENE EPS
wazdaudsue luansegdiveddydiafieuiu
819N

At 2INN1ANYINUTN brexpiprazole 2 - 4
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1aan3u/u way aripiprazole 10 - 30 Hadndu/u
Huszavdualunissnuilsrdannlanniievasn Tu
AumLUasnsy ldnuanuuana e litedAy
999 1NslUfeUTEaNA  EPS  9In19052UNTENY
NeufsuslaydIduy wwjmejm?iléf brexpiprazole,
aripiprazole uagwvaen ﬁﬂﬁgﬂumjmﬁié’%’u brex-
piprazole LWag aripiprazole ﬁ'ﬁ'lamuqummmﬂ
nnanvgesningmaen  uandtiannusieenla
wazlainuenshifisUszasdiguuss ogslsfinnamy
3'1smmf'mﬁﬂ@hLﬂ'wﬁuiuéﬂwﬁlﬁ%’u brexpipra-
zole uaz aripiprazole WlewUSeuifisuiuevasn

Houdldiilesunsduses”

1. $nwlsmdnuan (schizophrenia)

2. Snwlsaduiaslaeldidusasulunng
SnwlsaTuasn (adjunctive treatment of major

depressive disorder)

ALLUZUINIS LTEINIULUINIINITI NI
APA
20207 wuzinsEene1lunsSNYIlsAINAN g

ANULUINNNITINYIVDY guideline
A linsShwimudnuazveUisanizsy
Ao o1nsiuung (target symptoms) Lﬁuﬁﬂ’mﬁ
fionsauaullueinisudn Aasiansadenlden
Snwlsndnguilaes  1osnndindngiumaivns
91NN15ANEYY meta-analysis WuIEeISnwIlsAIngy
fiaesaganenismaaulafniterinuilsndngud
wike® Wuy venanilarinnsaniinisnweins
mMadaneduidusin Tsaswdu 9 savieenmsll

faUszadnarUisensenineen

YUIAYLAZISNS e

eSSl wanslumsnedl 5 aum
818968109 brexpiprazole 4 Haaniu dusuinwm
lsadany waz 3 faansu @msusnuilsadiuesd
Inwanunsasulseniu brexpiprazole uay 1 %
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A19799 5 VUREIaEIoN151% brexpiprazole

wandfinslea envlabmilungueninuwilsainguiany

o YUINNUITUAU e mang

GUQUQIGU (v a" (v Ql' v d‘ [~4 %
Jun 1-4 Jun 5-7 Jun 8 Wuauld

1. 15A39L0N 1 fadnsy 2 §iaansy 2 - 4 Jadnsy

2. lsa@uasn (dasuensnunlsaduwdst) 0.5 - 1 Tadnsy 2 Jaansy

wSonomsndeldily  einsinnsanuiurun
g1Tuag fUNNTADUALDINDEUAZNITNUADE1 DS
AUe msUssiiuMInevausmidmInlafurwIng
fmnzavluudedades 4-6 dani uazlugiae
vueenaldnauu  16-20  dUaividsaziiunis
maUANAY  1ABlaNIZeINIIAUNITIANKAZAMAIN
FinvewUe™
nsldenluduaenguniay'>>

msldenluin

galdfivoyanuuszaninanazainulaenie
294 brexpiprazole IuLﬁﬂLLaﬁﬂjuﬁ’m’j’l 181

nsldelundeisnsssuaslunyns

M3l brexpiprazole mmz&%msﬁlmmaﬁ
A nuTwnsnusniAadeudesiivsinanuie
Unfvosmsindsulmndauilesies (abdominal
muscle movement) laglan1zNgNe1N1T EPS %138
919891N1500U81  (withdrawal symptoms) LU
9ININTTAUNTEEY (agitation) AINAIFIVOINAY
dleRinund (hypertonia/hypotonia) & (tremor)
$29%u (somnolence) nmzmgladuin (respira-
tory distress) LLazwqaﬂssuﬂ'ﬁ%’uﬂszmua’]msﬁ
AnUnf (feeding disorder) \udiu Tnsorniswaniss
ArugusIuAnAfily manuesieasnsoiius
wild vneduduieslasunmssnenlulsimeiuia
agalsinudlififeyaismelunsfineide  a
fhu andassdmsldondlofansanudainiiusslowd

111ANINANULELIND1AAAVUR NN UATIA

7

o

lainudeyanisly brexpiprazole lungslyiu
Uns
nsldeludittianaglaunwsiaa
Fuasiiiinsieueslaunnsessziuuy
nanadieguuse (CL_< 60 ml/minute) wseszes
Ejﬂﬁ’]EJ (end-stage renal impairment) YUIAYIFIEN
fuugilunsinwilsadnnnie 3 Tadndu/u
nsldelugiiinnazfuunnses
FUrediinnsviauvesiuunnssssyfulu
NaNsfieguLIs (Child-pugh score 7) TuIALIGsgAT
wusihlunsinwilsndnnmee 3 dadnsu/iu
nsldelugiisinnsvineuveseulesicyp2ps
UnNWa9 (CYP2D6 poor metabolizer)
fuheiiinsiauveaeulesl CYP2D6 un-
393 (CYP2D6 poor metabolizer) wuziinlwlsu
YUIPLIFIINTNT 4

$13,25
f

2115 ldNaUsas

anslaifaUszasdfinuannindosas 10

suusan|Sauazunyadn: twinguiy
Fu (Msldenszezdu wufevay 2-11 msldenszes
#7137 wueway 20-30) seaulnsniigelsluiionas
(szaulnsnalelsntounin 500 JadnsudelnTans
wuSesay 8-13 uag W1nNAINMsBLIAU 500 Jadnsu
Rewndans wutleenindesay 1) aviimaluden
g1 (fovaz 9-10)

sUYUUsEaIm: 9INNSASEIUNTENY (Sevay
4-14 FuvrLRRLETY)

L NIVUN @YD

53



Thai Journal of Hospital Pharmacy

Brexpiprazole: A Novel Third-generation Antipsychotic Drug Vol 32 No 1 Jan - Apr 2022:39-56

anslifaUszasafinudesas 1-10
srUUAIda: witeoanuin (hyperhidrosis)
nnIvsBnnUSeYaz 1)
SUUAaN S YiaUazIuNUaan: 8osuUADSA-
goaanat (Jevay 3-4) sasluulusuanfuifindy
nnIvsBnnUSeYaz 1)
STUUNNAUEMIT. Unvied  (W1NNIUSe
wihiuieway 1) viesyn (Seway 2-3) vieady (Seu
av 3) lsanszamizenmns (fovay 3-6) fiuAuesn
a3 (Sewaz 3) iesdn AdUld @nnTvewintu
Sovay 1) dhanen (sialorrhea) dhanetios (xero-
stomia) (WNNINTBLINAUTeEAE 1)
SUUNIAUTFE 192
nnIvsBnnUSeYaz 1)

AN IBAulaaIy

ssuudseam: Uadsee (Sewar 9) EPS
Saway 5-6) fuiwudswy (Sewar 5-6) 419%y
Spway 4-6) 8auNdy (SP8ay 3-5) IANNIA

Sovay 3-4) du (Seway 2-5) nsrAuNsE@ny

(
(
(
(restlessness) (Sosay 2-4) upuldnau (U11nNI1
nIowinnuiovay 1)

sruundsnilouasnszgn: svduioule crea
finine phosphokinase ludonfisdy Govaz 2-4)
Uranduiie nnnimvidewihifudesas 1)

seuunaunegla:

(nasopharyngitis) (5eeaz 3-7)

\Woaynuagamadniay

annshifteUszasdfinutioanindosas 1

walouazvaanidan: nzanuduladiniide
fin1s.asud3enun (orthostatic hypotension) wag
pnsiuauvunai (syncope)

amshifteUszaedaun®

suusiaul$rauaziuunuadn: nziaaly
\Hangaviln diabetic ketoacidosis

sEuvUseaIn: In ﬂqjgaua\‘mqﬂl’a‘aﬂ%ﬁﬂifn
(transient ischemic attack) Avndiednungs
(dystonia) ANUAALIAINE  (suicidal ideation)
amsvnaudiudatila (impulse control disor-

der) nM13g neuroleptic malignant syndrome

SEUUIAA: agranulocytosis

dovinuly"
uldlugrenigiiluiuse  brexpiprazole
iedulTENOUVDINANMTMET brexpiprazole

nsiudnen’

\Auflgaumaiisies 15-30 ssrniaifea
anUsy

Tsndmanfulsndoss  Aflenusniusodls
funns¥nwisiegnegesietiles lwguaedan
Feosdon1siine1nisldfsussasd g 9 iy EPS
asdssnuiilanaziunuedn Jedwasionunw
Finwazinluganulidsuiiolunissuusemueiny
Ty

Brexpiprazole Lﬂuaw%’ﬂwﬂiﬂ%mﬁaaﬂqwé
uanssnednwlsadnguivisuaziuiiaes  Tng
finwansalumsiuivdfu 5HT . o, D,
5HT ez O logenn wazdimnuanunsalunis
nsvduiasu D lifeenindlewSauiiouriu aripi-
orazole Snvalaifinasiossy M,

ANNISANYINUIN brexpiprazole HUTeaNE-
walumssnwilsadmandifionnisduuinuazeinis
muau nnalnnseduiiiu 5-HT  (partial ago-
nist), D, (partial agonist) wazdiudasnu 5-HT 571
fefthefiitymiuennisian iesnendlgnsidu
precognitive effect FalvinlvaussausauNIIAn
suaaﬁﬂwusim uaﬂmm'f brexpiprazole @1113080
Msvutundunaunazeliteiniiidsdsaale
fni1 aripiprazole ogslshanulutagiu daliny
mMsfnuiSeufloudseansnanes brexpiprazole
wag aripiprazole WUU head-to-head W brexpi-
prazole fuwltiirlunssnsenmsiuuin 013

AUy wageInnsinunsiAnlafainnalnniseen

54 Keatsathit T, Saicheua P



MNIATNFUATIUITNEIUNE
U7 32 atu? 1 w.A. - 1.8, 2565:39-56

gvidveseniifinnuanmsalumsiuiiuiigeininie
WIULBUAY aripiprazole

TusunalufieUszasd wWuseu EPS Uaz
amglusuannvludenaslatee {losan brexpip-
razole aaﬂqwétﬁumwé’q DA i nigrostriatal path-
way Way tuberoinfundibular pathway s1ua79U
nnalamstiudasiy 5-HT, O uaznszduiiiy
5-HT , (partial agonist) Snmafimnuannsalums
nseduiiu D deendy aripiprazole Jswusieay
N15:ARe1N19nIZIUNTEI TN wilawis Uiy
aripiprazole waglugupnudsssemlanaziuuy-
voAn wustenumtindiunnty udlidunnsig
nsld aripiprazole wazlunusinisinegdy Uin
W9 ABUVY VIBEN

usioeslsfinu brexpiprazole gnivaeuanm
Tneoules CYP2D6 uay CYP3AG fatiumssesanis
14 brexpiprazole ﬁauﬁuawﬁﬁamauﬁ'@é’ug’wga
wend1 CYP2D6 waw CYP3AG W@y bupropion,
carbamazepine, rifampin, fluoxetine LWag paro-
xetine \ugiu 1ilosanvilitsysu brexpiprazole lu
Feadeuutas  TnadeUszaninauazeinisludis
UszaAannislgen

LONEI581989

1. Ashok AH, Baugh J, Yeragani VK. Paul Eugen Bleuler
and the origin of the term schizophrenia (SCHIZO-
PRENIEGRUPPE). Indian J Psychiatry. 2012;54(1):95-6.

2. Fischer BA, Buchanan RW. Schizophrenia in adults:
Epidemiology and pathogenesis [Internet]. UpTo-
Date. 2021 [cited 2021 Jun 18]. Available from:
https://www.uptodate.com/contents/schizophre-
nia-in-adults-epidemiology-and-pathogenesis

3. anluy wdenszga. unil 11 lsadnnnuazlsnduy o,
Tu unluy wdensena, Usilund aallyd, UusTsnIs.
Inwmand s1015UR. adufissiadedl 4. ngamwa: na
ITANVANAATAUSLNNEFIENTLTINGIVIATIUTUR
UNINEISBNTAAS; 2558. i1 129-54.

wandfinslea envlabmilungueninuwilsainguiany

fathu brexpiprazole FaduSnmadenwils
Tumsfnwlsadaan  Tnslawggtheifornsiu
aukareIMsFussAmidueimaiu  Snvtamang
dmiugUaniiliarunsanusooinislufisuszasd
fu EPS amglusuanfuludengs uazadmides
auiilanaziuunuednle

ungay

Brexpiprazole  tHugndnwilsaindieangn’
Ju serotonin-dopamine activity modulator lag
fimuainsalunisiu 5—HT2A (S} D2 receptor
InalAesiu 9awuYes brexpiprazole Ao @156
fu 5-HT  WigefigmilewSeudisufuenlungu
Weadu duszdndualusnelsndoanluszes
RIUNSULAZIZEZENY @INT0ANDINTITATUUINLEY
auaulaluunnaisainnislden  aripiprazole  8n
fielahilfermsdumsianuesiaougas  Tudy
mnuUaends WusIBEWeIMS EPS $3M918n1
nszaunsenelddendeSsudioutu arpiprazole
pgnalsinn  mssedinsedanisld  brexpiprazole
fufvenifauaudisudmiomionh  CYP2Ds
ey CYP3A4

4. Crismon ML, Argo TR, Buckley PF. Schizophrenia. In:
DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM, editors. Pharmacotherapy: a pathophy-
siological approach. 9" ed. New York: McGraw-Hill
Education; 2014. p.1019-45.

5. Stahl SM. Psychosis and schizophrenia. In: Stahl SM.
StahU’s Essential Psychopharmacology: Neurosci-
entific basic and practical applications. 4™ ed. New
York: Cambridge university press; 2013: 79-128.

6. UDNNIY L@NYIAALI. Pharmacotherapy of schizo-
phrenia. @ju&jﬂ’]iﬁﬂ‘w’]ﬁiﬁ)LdEN‘VI’NLﬂﬁ"UWIaG]% ann

ndunssy [Buwedifinl. 2559 [hdade 9 Suneu

2564].

org/index.php?option=article_detail&subpage=arti-

Wdslaann: https://ccpe.pharmacycouncil.

SqySad Inwatnd, wswun aeitio 55



Brexpiprazole: A Novel Third-generation Antipsychotic Drug

cle_detail&id=161

7. American Psychiatric Association. Diagnostic and sta-
tistical manual of mental disorders, 5™ edition (DSM-
5). Washington, DC: American Psychiatric Publishing;
2013.

8. Morrison AK. Cognitive behavior therapy for peo-
ple with Psychiatry (Edgmont).

2009;6(12):32-9.

9. Divac N, Prostran M, Jakovcevski I, Cerovac N. Se-

schizophrenia.

cond-generation antipsychotics and extrapyramidal
adverse effects. Biomed Res Int. 2014;2014:656370.
doi:10.1155/2014/656370

10. Neuroscience Education Institute. Receptor bind-
ing profiles of atypical antipsychotics: Mechanisms
of therapeutic actions and adverse side effects
[Internet]. 2012. [cited 2021 Jun 18]. Available from:
http://cdn.neiglobal.com/content/practiceres/post-
ers/50188 nei 009 bindings.pdf

11. Murray RM, Quattrone D, Natesan S, van Os J, Nor-
dentoft M, Howes O, et al. Should psychiatrists be
more cautious about the long-term prophylactic use
of antipsychotics? Br J Psychiatry. 2016;209(5):361-5.

12.Ugok A, Gaebel W. Side effects of atypical anti-
psychotics: A brief overview. World Psychiatry.
2008;7(1):58-62.

13. Brexpiprazole [package insert]. Tokyo: Otsuka Phar-
maceutical Co., Ltd.; 2018.

14. Wong DF, Raoufinia A, Bricnont P, Brasi¢ JR, McQuade
RD, Forbes RA, et al. An open-label, positron emis-
sion tomography study of the striatal D2/D3 recep-
tor occupancy and pharmacokinetics of single-dose
oral brexpiprazole in healthy participants. Eur J Clin
Pharmacol. 2021;77(5):717-25.

15.Stahl SM. Mechanism of action of brexpipra-
zole: Comparison with aripiprazole. CNS Spectr.
2016;21(1):1-6.

16. Citrome L. The ABC’s of dopamine receptor partial
agonists - aripiprazole, brexpiprazole and caripra-
zine: The 15-min challenge to sort these agents out.

Int J Clin Pract [Internet]. 2015;69(11):1211-20.

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:39-56

17.Meesawatsom P. The ABC’s of dopamine receptor
partial agonists. Tun15UseaivNIsANUAIMTIN
ndfneveselval asd 19: Suit 11 Tquneu 2564;
A AUSLNFUFNENS UMINESuUTS. NFUNNUNIUAT;
2564.

18.Kane JM, Skuban A, Ouyang J, Hobart M, Pfister S,
McQuade RD, et al. A multicenter, randomized,
double-blind, controlled phase 3 trial of fixed-dose
brexpiprazole for the treatment of adults with acute
schizophrenia. Schizophr Res. 2015;164(1-3):127-35.

19. Correll CU, Skuban A, Ouyang J, Hobart M, Pfister
S, McQuade RD, et al. Efficacy and safety of brex-
piprazole for the treatment of acute schizophrenia:
A 6-week randomized, double-blind, placebo-con-
trolled trial. Am J Psychiatry. 2015;172(9):870-80.

20. Meade N, Shi L, Meehan SR, Weiss C, Ismail Z. Effi-
cacy and safety of brexpiprazole in patients with
schizophrenia presenting with severe symptoms:
Post-hoc analysis of short- and long-term studies. J
Psychopharmacol. 2020;34(8):829-38.

21.Citrome L, Ota A, Nagamizu K, Perry P, Weiller E,
Baker RA. The effect of brexpiprazole (OPC-34712)
and aripiprazole in adult patients with acute schizo-
phrenia: Results from a randomized, exploratory
study. Int Clin Psychopharmacol. 2016;31(4):192—
201.

22.Kishi T, lkuta T, Matsuda Y, Sakuma K, lwata N. Ari—
piprazole vs. brexpiprazole for acute schizophrenia:
A systematic review and network meta-analysis.
Psychopharmacology (Berl). 2020;237(5):1459-70.

23.Leucht S, Corves C, Arbter D, Engel RR, Li C, Davis
JM. Second-generation versus first-generation anti-
psychotic drugs for schizophrenia: a meta-analysis.
Lancet. 2009;373:31-41.

24.Stahl SM. Stahls essential psychopharmacology:
Prescriber’s guide. 6" ed. New York: Cambridge uni-
versity press; 2017.

25. Brexpiprazole: Drug information [Internet]: Microme-
dex. [cited 2021 Dec 9]. Available from: http://www.

micromedexsolutions.com

56 Keatsathit T, Saicheua P



MNIATNFUATIUITNEIUNE
U7 32 atu? 1 .. - .. 2565:57-74

WUsAguNU e13nulsadingunssyinlug

WUTAYMIY e13nenlsaiingunsauiinlng

Benralizumab: A New Option for Severe Asthma
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Abstract
Benralizumab is a novel monoclonal anti-

body that selectively binds to the human inter-
leukin-5 (IL-5) receptor alpha subunit, thereby
preventing IL-5 from binding to its receptor and
inhibiting differentiation and maturation of eosi—
nophils and basophils resulting in reduced circu-
lating blood eosinophils and basophils through
enhanced antibody-dependent cell-mediated
cytotoxicity. It is indicated as an add-on main-
tenance treatment in adult patients with severe
eosinophilic asthma inadequately controlled
despite high-dose inhaled corticosteroids plus
long-acting B—agonists. According to the recent
studiies, benralizumab shown to be significantly
superior to the placebo as it reduced rates of
asthma exacerbations in one year, improved
lung function (expressed as FEV1), provided bet-
ter quality of life and asthma symptoms control,
decreased the oral glucocorticoid dosage and
depleted blood eosinophils count. The adverse
effects of benralizumab included nasopha-

ryngitis, worsening asthma, bronchitis, admi-
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nistration site reaction and upper respiratory
tract infection. The pharmacoeconomic study
demonstrated that benralizumab is a cost-ef-
fective add-on maintenance treatment in adult

patients with refractory eosinophilic asthma.
Keyword: benralizumab, asthma, anti-eosinophil
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line floongremutinsulsenmiluuiam

fuheTignimeglumsinuiseiudl 1 fe 2 9y
Zengthenauiid fihe “mild asthma”
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M54 short course OCS 813

o
Jssidiudasnu

-nunumsitadelvignees

ai’nl,ﬂulué’ﬂw severe

uncontrolled asthma

14 STEP 4
+ Lﬁu LAMA

-mueutadoido
Uspifiunmedinusay Usziliuglae
‘nnadlnganue 14 Genld
Adwanglunssne maintenance | biologic agents
l medium-dose | 19u anti-IgE,
14 ICS/formoterol | anti-IL-5/5R,
Sun1sehen maintenance Lay anti-IL4R
low-dose ICS/ | 14f as-needed Y
» formoterol BRI TERERIRI G
14 as-needed iBHEEsE high-dose
ICS/formoterol ey ICS/formoterol
1fu controller uaz reliever low-dose ICS/formoterol I%Lﬁmﬁaﬁmms A ICS/formoterol
Wiadlens

A
LBUDINIT

(MART) Track 1

1%

1 1 14 STEP 4

14

maintenance

. (Foeviu Ics nnass maintenance maintenance + Ll LAMA
SABA \Ju reliever del¥ sasay |low-dose IcS lowed ) b
ow-dose ’ 5 o
- medium/hish- 1 s diugiiie
9 sapa o]  1C/LABA giers donld
11+ ICS/LABA

biologic agents

19 SABA Wleil uay

. LU anti-Igk,
91015 i {193l
14 sABA \iladl Anti-IL5/5R,
LI anti-IL4R
21ARTUN Y
high-dose

|ICS/formoterol

14 Track 2 nsdiftliiausasnedie Track 1 u3efUaglifinnis exacerbation :InMs$nwLAY

#1280 : ICS = inhaled corticosteroid, LABA = long-acting BZ—agonist,
MART = maintenance and reliever therapy with ICS/formoterol,

OCS = oral corticosteroids, SABA = short-acting BZ—agonist,
LAMA = long-acting muscarinic antagonist

JUN 1 wwmemssnwdwmsugUaglsaiia’
(

(AnLasaIn global strategy for asthma management and prevention 2021)
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Nsasndunssulsimeiuia

e v o WUSIAYLUU &15nelsATRTULTITha b
UN 32 aUUN 1 U.A. - L8, 2565:57-74 v :

M13199 1 vllaeeuaulsaiiauazeussimenisisaviailasunistungleuniildludseinalny
(FPUUAINIDINBNTITONDI] 1 UdY 2)

n@:mﬁl’lmuqﬂiﬂﬁﬂ (controller medications) A8819

1. g1meshledResaen gviingnniu oA beclomethasone, budesonide
g1ufinsulseyu laun prednisolone
giindadinanuilevievasaidend lAwA hydrocortisone,

dexamethasone Wz methylprednisolone

vilnvasennasalagiiesasayinnuga (ICS) WWIAYRsEIAR TRl TREAY AN LGN
(ulasn3usiotu)

‘U‘L!']ﬂﬁ?’] VYUINNATY mu’mge
Beclomethasone dipropionate 100-200 >200-400 >400
Budesonide 200-400 >400-800 >800
Ciclesonide 80-160 >160-320 >320
Fluticasone furoate 100 200
Fluticasone propionate 100-250 >250-500 >500
Mometasone 200-400 >400

2. ggaviupesAlaaifieseun nauiue1veteviasnay  Fluticasone propionate/salmeterol
¥finoang s (ICS/LABA) Budesonide/formoterol
Beclomethasone/formoterol
Fluticasone furoate/vilanterol

Fluticasone propionate/formoterol

3. griudalalasdurdnsuuszviu Montelukast

4. SWLL%uﬁuﬁaaﬂqméma Theophylline, doxophylline
5. 919Uy lulnayaud (Anti-IgE) Omalizumab

6. 810U interleukin-5 (anti-IL-5) Waz 816U inter- Mepolizumab, benralizumab

leukin-5 receptor (anti-IL-5 receptor)

7. mﬁwuﬁaﬂﬁﬁﬂﬁaaﬂqméum (LAMA) Tiotropium bromide handihaler

Tiotropium bromide soft mist inhaler

NGNYIUTINIBINT (reliever medications) ZRREAR

1. gnveneviannay (SABA) awqmﬂumﬁmaaﬂqwégu lauA salbutamol, procaterol
g15uUsEny salbutamol, terbutaline, bambuterol uag
procaterol

2. eINGULTUNY Aminophylline stindauazsuusznIu

3. grgaiunsyiuiisudiwaniveduiani3iniiesn  Salbutamol/ipratropium bromide
§5&u (SABA/SAMA) Fenoterol/ipratropium bromide

§i78®: ICS = inhaled corticosteroid; LABA = long-acting BZ—agonist; IgE = immunoglobulin E; IL-5 = interleukin-5;

LAMA = long-acting muscarinic antagonist; SABA = short-acting BZ—agonist; SAMA = short-acting muscarinic antagonist
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2.3 nsdgUlesdeonisiieunniuvsediia
nanuegnation 1 adwiadUnni ihdnsinw
seufl 3 (STEP 3) Rnsanldemesdlaaiiososs
yilaniugnuunsnsuiusgauetsasnanviing
genqusem (low-dose ICS/LABA) Tunsdiiildf 1CS/
LABA il formoterol 3aifiu LABA wfinoengvisisa
(ICS/formoterol) %mmaﬂﬁ,ﬂuﬁqmmuauLLaz
ussmenslunaeaisdiul (maintenance and
reliever therapy, MART) &slinalunisannisingy
Beundufinit low-dose ICS/LABA ww1nAsfisIy
ulY SABA ¥iugaussinieInig

2.4 nsdlgUngionnsnniunieiiianana
fusgedos 1 aSwodUny saufunsrawuin
aussanImnIsinueslenanas 1Wgn1sinw
SRl 4 (STEP @) wugthlld medium-dose 1CS/
formoterol Taald low-dose ICS/formoterol Wu
gAuTIMIeINTT (Track 1) vi38ld medium-to-high
dose ICS/SABA wuynfuiileruaueinisuazld
SABA #ugaussim1enis (Track 2) laenislden
medium-dose ICS/formoterol lundn1saunuwag
vssimernmsduadiasilinainitlunisanns
fusuidsunduidlosudisuiiu medium-dose
ICS/LABA #8u %38 hish-dose ICS

2.5 nsdlftnednudnesysuil 4 (STEP 4)
uélileina Tiddnssnuseduil 5 (STEP 5) Tng
Wunsly long-acting muscarinic antagonist
(LAMA) 131 tiotropium bromide 194 triple combi-
nations @8 ICS/LABA/LAMA Ganslf LAMA fia
WinausInnWITuYesUankaranr RN
LM exacerbation

dwiuedudldld nsld 1cs sy LTRA
w0 ICS $3ufU theophylline wflasulszniudionn
quiSeT wiuszAvB ARty ICS/LABA

fausnssnesseui 4 Judulvlvantades
ﬁﬂﬁmuqﬂﬂéj(uncontrotled asthma) loUsziiu
fnoifisidudouUiuen TaeBendUiedld high-

Thai Journal of Hospital Pharmacy
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dose ICS/LABA uaidamuanaIn1sliladn “severe
asthma” farsudenldeinesnlaaiissosnvin
SuUsEyULIAc (low-dose oral corticosteroid)
\isfin Ao prednisolone vl 7.5 fiadnsu
nadu

HiBeveyenaiansannsl azithromycin 3
ndsstodaviiiiuiiy Semuindinaan exacerbation
Tugtaeflé3u high-dose ICS/LABA Taufisan exa-
cerbation Tugitheiindifinssniavuiindledluiian
(eosinophilic asthma) %38 non-eosinophilic
asthma l¢8nse nenewlviendesgFesszey QT
interval  Tupduluiiwile electrocardiography
(ECG) hidnuueBaerndeld swdfinnsanides
arudsdlunsindeRosUfiioug  azithromycin
AY

fiansanldnisdendosinasnaudieniny
Jou (bronchial thermoplasty) AsaITile high-dose
ICS/LABA saufiu LAMA usidspauauaimsldlauag
fnsmsudoundu Tnensdesndesivasnaudie
aufounUinanunsnan exacerbation wawkiiy
AN M@IngUele

uonanieradenldiTnsdnuis gy
(targeted therapy) 1u;§ﬂ?81§ﬂﬁm'§umﬂ (severe
asthma) Tiliineuauswenissnwdrefudenaiia
mﬂﬂaé’aﬁgﬂmqﬁmﬁuqmiuLLaz?ﬁmé’au i
HUrefinandeefen1ssnywuugadlvinseiy
dnuvazvesthe viiemsinwdunz ileliildna

N53NYIE9aR UazHATIAIIER

nssnwgfathdmiulsaniaguuse
JagtuUaelsaingninuunaiuanuae
Fumzaeanssnauiiifeiestunaln type 2 (T2)
inflammation W fafifin1ssniaueiindledluian
sxnudlodlufladdududadonviiifeadeaiy
UfAsernseniauaingiiuilumaiumelauaszly
wunzlaiiazlasunisinwmesinosflaaiiesosn
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yilomugruuiagadaiinn  viefiafiiinissniay
WUU T2 inflammation #1 WU nsSniauwuuin-
1n59&@n (neutrophilic asthma) NISENLAULUUNEYN
wagdinilinunsdniavannisanaae a5
@R AT (biomarkers)  Tunas
Usgilwibianusaduungredindunainvae
Fnwaigd g (asthma phenotypes) 19 fesain

Y v

nMsviuvesasiaiisuazndslagszuugiAu Ty
(cytokines) Tulsmiindmnudugou vilrenursvia
Tamalunssnen  waunsstnlilana  Jevinlidinng
ﬁmmaﬁﬂw%wuguﬂﬂ (targeted therapy) #1u
ﬂalﬂwaw%ﬁflLﬁmﬁLﬂuﬁugmmaﬂsﬂﬁmqulm N3
Snwsananenfigenngu biologic agents fidnasie
nsfudansyihaues cytokines wavansiuiieath
N139NLau (inflammatory mediators) Fdedosiu

sruuduyluang) wwmnanisduds T2 inflamma-

IL-4RQK
IL-5ROL

AUNU IgE
1968 =
1949 1973 2003

Cortisone ICS

2015

= .|

Omalizumab  Mepolizumab

WUsAguNU e13nulsadingunssyinlug

tion Usznaulge n1stiuds T-helper type 2 (Th2)
cytokine Tunseualdan (circulating cytokines) lag
nsldanstiudaiizondn monoclonal antibody wag
nsdudanisduves cytokines fussuiiiawad
(receptor antibody) vl cytokines laia@unsadu
Ausasula’
ladin1simuIn1ssnwIinannisidenganiu
AashlAaReTREAlUEUITINIUNNIN U1gn1sTnw
WUU targeted therapy warfunuasie (media-
tors) e cytokines Tieadessunalnnisinlse
Tuﬁﬂwiﬁﬂﬁﬂqul,lmﬁguwi IgE (immunoglobulin E),
L5 52k IL-14/IL-13 (interleukin-14/interleu-
kin-13) wazthandansimwienfiduaseansienso
a13 cytokines Aenanlunissnwiinguusilugaves
N353 LNIe (personalized medicine 3o pre-

cision medicine)’ flegU#l 2

2016

Reslizumab  Benralizumab
Dupilumab
Tralokinumab 2020
Lebrikizumab
Bertilimumab

Fevipiprant

§eo IgE = immunosglobulin E, ICS = inhaled corticosteroid, IL-5 = interleukin-5, IL-5RQ = interleukin-5 receptor

alpha, IL-4RX = interleukin-4 receptor alpha, IL-13 = interleukin-13

JUN 2 Uselamaninmsiawendnunlsain dsudnisAunuaesilaaieseus MIAUNU IgE Lavendudians

a 1Y) A v O . A v v A ) | =
donananseniaunsedudeans cytokine wsamsunlglunssnwyadilulsaiin

(AAUUAIDINONTITD 19999 3 Uax 4)
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Benralizumab: A New Option for Severe Asthma

ns§nwfifinasie T2 inflammation wie Th2
cytokine Tulsaiin Suwunlailu 3 ngu laun

1) Monoclonal antibody #ia IgE laun
omalizumab

firsunldnsdiguaeiionnisinguused
mvAueInslilauasiiiafiisuldsunduuddnag
1iSunssnwee high-dose ICS/LABA saAutdu
allergic asthma anAIMAGRUYIUINEHIVIT 6B
asnegiuilueinia (aeroallergen) Tinauinuse
NMINTIIRTEAUTRY specific IgE Tuldon 30-1,500
gllnraliafians wull omalizumab HIwaan15iia
#adsula  TeedodinisUsziliunanienaslinis
Snwluuda 16 dUaiuazasliosedioseteles
1 “T‘Jl,’j’

2) Monoclonal antibody fa IL-5 Aodus
IL-5 Taemse laun mepolizumab, reslizumab laz
monoclonal antibody #8 IL-5 receptor alpha
(IL-5Rx) laun benralizumab

finrsanltlunsdifuasiionnisiinguussd
muauomshildfiinannisdnauaindlediu-
Wad (eosinophilic asthma) lnen1sasiainseau

Allergens

Tralokinumab
Lebrikizumab _I IL- 13

Dendritic cell

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:57-74

youdindenvdletluilad d1mSu mepolizumab
Usmsentuguaadnlaianids 100 adnsu un 4
ot TawannIsindnnIsuBsUNSY  anInNT
vodlsndin  waztnevhliaunmiinvesuieity
g1 benralizumab  Usmselugudadilanamd
30 fadnsu Y0 8 dUAW FwannIsiinfindeundau
anesveslsadin liuaussanUon wartaeviili
A MTInRTL

3) Monoclonal antibody ¢ IL-13 Aaffud
IL-13 lnemse kown tralokinumab, lebrikizumab
118z monoclonal antibody #® IL-4 receptor
alpha (IL-4Ror) 1A dupilumab’

finsanldlugieifionnsiaguussiiniuny
anslildlaeifendostunisasnia  immunoglo-
bulin E (finguussangiiuiviefiafifinissniauaia
Slodluilas)

uaﬂﬁl’lﬂm’i‘%}ﬂw’lzﬁlﬂﬂﬂﬁ T2 inflammation
fFaflnssnwiadhidadenvnilasfiad  (non
T2 inflammation) lawA anti-IL-17 194 broda-
lumab, secukinmab 1Jusu ﬁ'ﬂLLaﬂﬂu'gUﬁ 3

uwmmﬁ%ﬁ%auaﬁﬁ’agam benralizumab

A

IL- 4 |L= MgplizumaR Brodalumab
Reslizumab
Secuklnumab
Dupilumab —IL-4R
IL- SR(I
BenraUzumab
X 13
IsE s( B cell
Neutrophil
Omalizumab (@ = Eosinophil

U 3 naln targeted therapy sodlagluiladuazilnsiladlulsaiin (dauvad9Iniena 15979897 3 4ag 5)
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Faduenyudrdmiulsaiinguusiiesngvsee
IL-5Rat

Benralizumab
Foyainly®

Benralizumab  §iswinglulszwmalngluie
nsAAe Fasenra® (Wwusn) lagusev Leoansn
w1 (Uszindlne) 9rda Wuunudimvie
%amamﬁLLa::gmsIﬂsaa%W: humanized mono-
clonal antibody (gﬂﬁ' 4)
gnsmaadl’: C

N O S
6492 10060 1724 2028”42

sUuwuuen’:  nandndiedafiiluasavaiela Tl

dtedmdes figUuuuiiefe  enanguluunssuen
dnenitussqemdondauuildadafien (solution for
injection in a single-dose prefilled syringe) Wu1A
30 mg/1 ml
dauusznaudilisangns:

L-histidine

L-histidine hydrochloride monohydrate

o,o-trehalose dihydrate

Polysorbate 20

Water for injections
Yougly

T3 mdun1sSnynaulugulelsaiinguns
yindlaglufladnliarunsanivauenislauday

Benratizumab\

WUsAguNU e13nulsadingunssyinlug

Idemesilaaissesnyidanugauuingenauiven
YgneviaonanioongrseILEIfinIL®

910 GINA 2021 wugi anti-IL-5Ra 1unns
donnildunsliiuenmunslsadiasedu 5 (STEP
5 Controller) Fadugtheiimsldiunmsguasnuilu
anuneUaTEANTEIvey waggtheiliannsn
muaulsame1nesilaaigsoenvdanugavuIn
genanfug1veevasaanieangnse1asmiuen
B 9 i benralizumab Fafu anti-1L-5Ra 39
fteudldlufulefimsaiinguusanazaruaulalai
nannsdniavyindledluilad lnswugdlvldly
AUwengIInnImseiniy 12 T2

VUIALALATNT e

wuzillild benralizumab w1 30 fadnsy
Aol nn 4 dUanvt dmsu 3 Wuusn wa
Mniudonn 8 dusmiegnedeiiies Uinafiuueii
Tiaa lawn kv duwn waznivies lneyangides
Juypainsmenisunng

n1saadlarne’

foudnyn dndleliazanuaziinliiig #399
aoudenn Usna Jumuneny dnwazenly syringe
douduasaranela Lidfadndes lifleyniadu
\Wouu Tu syringe asdinpsomausinananioy Ll
fodlananeudn

Fonuinadiazdnen Toun lna dun uae

JUT 4 Tassasramaniivesen benralizumab (AALUAI9I000T15919897] 7)
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Benralizumab: A New Option for Severe Asthma

= 2

wives noudaelfidaindiudnaiiezdadie
LBaNagea

Fn133nen’ uansnmdseneudaguil 5

1. pear1eenNIudnen

2. l4slodndnefemvidatuan udunadud
TaRntla

3. dopq fugutlvaugn desmuaudls
Aaduly Usyaned 10 3uni uwaaneudusen

4. na plunger WigaudiUdey syuuilsduas
Fuegesaludd Wetlostudunsisarnnislddy

AIANAINDINTITNRAIRAEN°
waa@neliinnuenisfiisadesiuennis
WHULse war azgilufu iy giuiguwss
Boundy (anaphylaxis) ennsuanveiedeldty
HI11119 (angioedema) Auauiie (papular urticaria)
ey (rash) @1msianasindetulssana 1
Flumdnlgsuedesnuuiaduiy il
FUaefis IR guussfeand syaainsnianis
uwnngnnadaneuldsusuazinniuenisedadlng

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:57-74

Ianaanlasue1nanan

< v 6
ANSNUSNEN
< v & A A =
- vebiludidunionmall 2-8 esrwalgya
1 @ 1 1 & [
wazlimsinuen i lutoawde Uaeiuwaa
- dfiveuengiluiigaumaiivies 25 o3
walda anunsaulalaiiu 14 Yu
- lleswenen  Wedalgewaikuzan byl
NUAUAS AL

Fainuld
uldlugdaiulise benralizumab e
AUUTTNOUDU 9| VBINANA YN

Anfiaunazdanlsszialuiiay’

- liwugtily benralizumab lun13snwvin
MIFUREUNSY

- gUrgprsnuwnmdmnnuInlsavindslalan-
W5aAIUAUlANIaoINITLE AInaRINLATUNNS

AW

b
T~ i‘/‘v_/
o )
;D\ Arudaly 10 Fuadi
e il

3.

5U# 5 38n138ne1 benralizumab WmslaRantds (subcutaneous) (FAkUaT9INLONT15879897] 6)
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- fhelimsvgnenresilaaifisseedlurne
fil#¥u benralizumab wwngerafiansayivan
wnapesilaaifsosdlimnenslngsiuite

- nmzlhdtenn oraiintulduazmavgn ben-
ralizumab viuififlen1siangn

- Tun1sAnwin1eadinves benralizumab
g Uhefifinnsinidonendeen ogelsfinumin
fuasnguiananliinevaussiesninwinisiade
w13 Wingan1slyi benralizumab auninagin
nshaienedmea

nsldelugilenguiiee’

nsldenluin

wupilsldludnedifony 18 Tauly &9laid
Toyanslderlusiniiong 6-18 T (usfidoyanns
Anwiludnery 12 9 fufuuduugindeannsold
Tudnftorgsfaud 12 VUl

nsldenlundenansss

FelafnsAnwiiiieanelunsld benrali-
zumab lundledensss unmdmsuszifiusening
Useletiuagenaundsanniiansannisly  benrali
zumab TugUresang

nsldelundgailiuaynas

felaifinsAnwiiifisswelunisld  benrali-
zumab lungeliunyns wnndaisuseiiusening
Uselevtiuagenandsanniiansannisly  benrali
zumab TugUredang

Fertility

geldiivayanisfnwinisly benralizumab
Tunywdunannisfnuwludslidny drug related
change

nsldenlugiaeiiinnazlaunnias

ludndudesusvruinenlugdaeiiniels
UNNIY

nsldenlugiaeiiinnaziuunnsas

LadndudesusurunelugUqeiinnedu

WUsAguNU e13nulsadingunssyinlug

UNWIDY
WndYNaAIans> e

Benralizumab Lﬁua’lsluﬂfjm anti-eosinophil,
humanized afucosylated, monoclonal antibody
(IgG1, kappa) aaﬂqwéﬁ’uLLUULawwmmqﬁ’U alpha
subunit 984 interleukin-5 receptor (IL-5Ra) %Qagi
vuiwesdledluiladuasuilefiad (Ul 6) ¥ilw
IL-5Rec Llasnsaduiu IL-5 Tunszuaidonls wagds
JUAY NK cell viliAnuUIUNg apoptosis Aadle—
Fludladuazuuleflas WuvUIUNT antibody-de-
pendent cell-mediated cytotoxicity (ADCC) (§U
7i 7) Jsmadanavili benralizumab @nunsaan
Pusledludladuazuulefaalunszuaifonasla

Benralizumab ﬁL%’lﬁ'ﬁl’lﬂﬂ’laﬁlzﬁﬂﬁizﬁU
Slodluiladludenanaanigly 24 Fluandsldsu
gIUIANIN  wazanategenaiiomasnnislven
wonniifaiinanisanwiinuin benralizumab
ansaandlodlufladlulunszgnuazidoyvaonan
ladnee

WndyaUAIERS

N15QATNEN: A1ATITIADIN13RT (absorp-
tion half-life) 3.5 Tu WageilATIUsTaNSNaTaY
59 TnglalFuruusaiion

N13N3$1881: 3.1 anT (central) kag 2.5 83
(peripheral) Tupuiitminuszana 70 Alansu

A15UAAYT: estimated systemic clearance
(CL) 0.29 AnsraTu wasAesadin 15.5 Su

Ufisensendneen’: delanuusensenineen
Fuenddu 9 wensenuRensTUIUNIS pro-inflam—

mation

UNEE{FRTRIEE AR
gImsinulsefianfe Uindswy (Sevay 8)

AodnwEy (Sepaz 3) wasld diuujisenusnmm
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Heterodimerization U84
o uaz B chains

6a

Signal transduction

Benralizumab 3UAU IL-5ROL
Yinleh IL-3,1L-4,IL-13 waz ligands duq
- laignunsaduiu IL-5RAL 16

Benralizumab

Benralizumab guga

nssUIUNIS
heterodimerization

) w83 O uag P chains

No signal transduction

$iee: IL-5 = interleukin-5, IL-5RA = interleukin-5 receptor alpha subunit,
IL-SRB = interleukin-5 receptor beta subunit, IL-3 = interleukin-3, IL-4 = interleukin-4,
IL-13 = interleukin-13, GM CSF = granulocyte macrophage colony stimulating factor

g‘ﬂﬁ 6 ﬂaiﬂﬂﬁiaaﬂqwémaﬂaﬁﬂfju anti-eosinophil, humanized afucosylated, monoclonal antibody
6a A9 NNLAAINITVINIUVBY IL-5 ABAI3U IL-5RA thaz IL-5RP Tuan1izuni
6b AB NNLEAINABINITIVVBS benralizumab AU IL-5RQ
(FauUasI9InenaI5619897 8)

FCYRIll (CD16a)
; Eosinophil

Eosinophil

perforin granzyme

/
Ben ralizumﬁ)<
%\

FcYRIIl (CD16a)

3 perforin granzyme Ba SOphI L
Basophil

gﬂﬁ 7 ¥UUN1S antibody-dependent cell-mediated cytotoxicity (ADCC)
(FouUasI9INenaI5619597 9)
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2men (injection site reactions) U U0 UM WAS
Dusiu wudliduandneseninanguildsu benrali-
zumab  uazemaen  uendNaiisenunisiia

anaphylactic reactions ¢

NN’

Tuns@nedilit benralizumab awm 200 mg
galanuingd dose related toxicity wagmniinisly
&1 over dose [AnTUlFSNLUUUSYRUUST ABILAS
ARMIUDINTT

n15AN¥IMNI9AGLN

n1sAnyIUsEANSAMKazAIuUaenieves
benralizumab W3guiiguiugmasn

uATei 1

Bleecker EB wazmmy luld a.A. 2016
(SIROCCO trial)° ¥innsdnwlugaelsaiinguuse 7
LdaunsaauaueIn1saigenesRlagLigsauRAvila
WugATUINgIHaLTUEIVIeVABAANTIEBNg NS
U 1,205 Au 1y 12-75 U sunuuanuideiu
NG

NamsAnwIA 48 dUni wuingtaedlesy

benralizumab  @1u150andns1NsiiaAan 15Ul

1 U Ifedniifeddynnadfdediouiuevasn
(RR 0.49; 95% Cl 0.37-0.64; p-value < 0.0001)
asadivanssanmlen (FEV, ; forced expira-
tory volume in one second) laagneditiadAgnia
an# (mean difference 0.159; 95% Cl 0.068-0.249;
p-value = 0.0006) HAzuuuANAINITAIUNT
AuAaINITRdiald AT ueEaliteddynsada
Seleuiuemaon Taggaind ACQ-6 (asthma
control questionaire, six question version) (mean
difference -0.29; 95%Cl -0.48 919 -0.10; p-value
= 0.0028) ez AQLQ(S)+12 (standardized asthma
quality of life questionnaire for 12 years and

older) (mean difference 0.30; 95%C| 0.10 - 0.50;

WUsAguNU e13nulsadingunssyinlug

p-value = 0.0036) andRIINITNARANITUTOUAE
40 (HR 0.60; 95% Cl 0.46-0.78; p-value = 0.0002)
wansliiudnaiuisamugueInisisaiinliuasd
AUAMTINTR uazaunsnanseiusletluiladly
Fonudu 0 waddegnuaidadansi 4 dUnnsi

AUAINYADASENUIINTITANDINT LN
Uszasdlaiunnsisduluiia 2 ndu Tnewuemslaifie
UsvanAsovay 72 1uﬂfjmﬁ1§%’u benralizumab &g
Yovay 76 Tunguillésuemasn o1mslifisUszasd
finutesfe emsiindiugas wudesas 13 WWoayn
wazaMEdNLEUREUNEY WUTeEay 12 uazn1shn
domadumeladiuuu wudosay 10 dweinis
laifisusvasdisuuseuibiuandnefiluis 2 ngu
Taeowu¥esay 12 Tunguiilé¥u benralizumab way
Yovay 14 Tunguillé¥uevaen

NuATed 2

Fitzgerald JM uwazmaay 1ud a.f. 2016
(CALIMA trial* ¥inmsfnulugielsaiinguused
liannsamunulsauasiinaiuiuresdledluiiad
luiden d1uu 1,306 Aw 018 12-75 U JUKUUY
Werluwuugy

NANSANYIT 56 dUAY NUIUeRlATY
benralizumab @nsaangnsnisiiadininsuly 1
U egafituddamsadnidiodiauivemann Tae
\ineIN133eeag 28 (mean difference 0.72; 95% Cl
0.54-0.95; p-value = 0.0188) ansnsaLfisianssnn 1w
UanlaegelitodAynieaid (mean difference
0.116; 95% CI 0.028-0.204; p-value = 0.0102) &
AZLUUAINAINITOIUNITAIUANDINITUDINALAR
ﬁua’&i’mﬁﬁaé”lﬁmmmﬁa (mean difference -0.23;
95% CI -0.43 &4 -0.04; p-value = 0.0816) flszey
narlumaidafiafisuluadssniiuundnguild
Jusmaan (HR 0.73; 95% Cl 0.55-0.95; p-value =
0.0182) awnsanszaudledluiladludenswiu 0
\wadsognuiAniiaaans A 4 danm

AuANUUaendenuInineInsliiasyase
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lauanenafulluita 2 ndu Tnewuoinislaifissyase
Seuay 74 Iuﬂfjllméﬁu benralizumab wayiouay
78 Tunguitldfusvaen  emslaifiadseasdiing
Ueede 1eaynuazdiresniauideundu wuievas
20 Wagnu anti-drug antibody Iumjmﬁiéf% ben-
ralizumab Sowag 15

AT 3

Tian BP wagamy 1wl A.f. 2017 vins
ANWILUUIATIZWRALIU (meta-analysis) Anw
UseansnmuazAnuuasnieves  benralizumab
Jleutugavaen 990 7 n3ine M8 randomized
controlled trials

NAMTAATIEVINATY  wudnguillesy
benralizumab 91U 6 ASANEY LI1AIUITOAN
audsdlunisifaiiniisuldegradideddgnig
adfdlefleuiuenvaon (RR 0.63; 95% CI 0.52-
0.76; p-value < 0.00001) lasdidadiuvinisiin
pIMIMIsUTRilIAinioag 26.28

aruanInsalumsiivaussannlen  wui
991 3 N3N benralizumab @wWsaLiNAT FEVI
16 wildunnssfuegadifuddymsadndiodeu
Ausmaen (mean difference -0.10; 95% Cl -0.31
94 0.10; p-value = 0.33)

AZLUUAIINAINITAAIUANBINTVBILIATIA
910 4 M3Anw WU ACQ-6 Siranaslunguiilasy
benralizumab (SMD -0.10; 95% CI -0.26 @19 0.06;
p-value = 0.22) A1 AQLQ (asthma control and
quality of life assessment questionaire) fipuiy
fulunduillé¥u benralizumab (RR 1.00; 95% C
0.95-1.05; p-value = 0.96) usldupnsneiuogned
Toddyneadadiodieuiuemasn

onmslalfeUszasd annnsAnwstanun 7 nns
w1 uandliifuinianguildsu  benralizumab
wazewaen LAneNT iRz aAlilananeiy

iesnndeyanisinuniisiusnladales 3q
Fosseteyansinufiudnlusunansely
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n3AneIUIEaNSnINLazANNYaRABUD Y
benralizumab 1USguNBUAUEIMaDN LAAITIE
avsBonluniazauise fumnsned 2

AT 4

Wuns@nwranuaiuisalunisanvuinnis
THemosilpafiosossuinsusznn  deadfieuiu
PWIASUAUTEY  benralizumab  Wisuieuiuen
“aen

Nair P Lazag Tul a.A. 2017 (ZONDA trial)*?
MnsAnenteUsyansninwees  benralizumab  Tu
nsanIuIneInesAlAdlRsouRTlasuUsENIUlUY
fUnelsafinguuss  fild3uenmunuenniseyudn
T 220 AY JURUUNWITE T uMUUEY

NansAneIT 28 dUai wudngtaedlesy
benralizumab  @a1s0aAIUINNITITBABSALA-
avsseunviasulszniueg1sldedAynieada
dedleufusudunideldfesar 75 (pvalue <
0.001) @unsnanvIuIngIResAlaaRssesnTinsU-
Usgmulaunnninemasn 4.12 win (95% Cl 2.22-
7.63; p-value < 0.001) uenaniismuinguiild
5U benralizumb fignsnsiialsadiannsulu 1 3
founinderay 70 Welsuiuevasn (marginal
rate 0.54 vs. 1.83; RR 0.30; 95% Cl 0.17-0.53;
p-value < 0.001) NampaNTTaN YDA WUIliunn
m"mﬁuaéwaﬁﬁaé’wé@maaﬁaLﬂaguqmﬂWiﬁﬂww T
i1 2 nauuazazuuLNANTUsESue s vaslsniin
(ACQ-6 uaz AQLQ(S) +12) wuilunguiils benra-
lizumab 10 8 dUAi dAzuuy ACQ-6 anad (mean
difference 0.55; 95% Cl 0.23-0.86; p-value =
0.001) g AQLQ(S)+12 Lﬁlméﬁu (mean difference
0.45; 95% CI 0.14-0.76; p-value = 0.004) Wiaiiey
funguitlesusmasn eaviBoauansisansned 3

Fruautasafenuini 2 NJULANDINTG
LiflsUszasdliunnanetu Tngenmsiinues laun
Hoaun/deodniauideundy  e1mveuiiauga
warvaenausniau Anllusosay 17, 13 uag 10 Ay
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Benralizumab: A New Option for Severe Asthma
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A5199 3 NNSANYIAINNEAINITOIUNITANVUINNIS IE1ADSALAZLRESREATLASUUSENIY WalTisuniuuuIeg

SUAUYDY benralizumab WSgUgUAUEaBN (FALUANIDINENE159 719899 13)

nguild nguild
NaN1SANY benralizumab g11aan p-value
(73 Au) (75 Aw)

1. Sovazn1sanaswesuIneInasAlAalfesasn 75 25
gilasulszmusetudlofieufvawanisld  (95% CI: 60-88) (95% Cl: 0-33) <0.001
Sudu (Gevasz)

2. $98a¥N15ANAIURIIUINYIADIRLAALRYTRYA
gilasulszmudeTudlowiaufvawnnisld
Sudu 71 28 &Uanii (Sozas)

- ANANNINAINUTELYINAY 90 37 12 <0.001
- ARANNNNNINATBLYINAY 75 51 20 <0.001
- ANANNINAINUTBILYINAY 50 66 37 <0.001
- 8RR 0 79 53 <0.001
lifinswasunlasunnenaesilaafiesess 21 a7 <0.001

Odds ratio 4.12 (95% Cl: 2.22-7.63)

Do
2
c

Cost effectiveness analysis'*:
NSWIHUTEUMUANUANAIIINNITIATIEN
Aunu-Useansna  ludssmaaunudn - benrali-
zumab fianuaueatunisldsuiunissnusialug
thedulsafiaguuss Adaannssniauviingle-
Fuiladiinosenisinm (refractory eosinophilic
asthma)  wiiilesninenfisnandeudiouns  wazly
wazdszmaiisnmeniiuansety fadudemsiingg

Anwdeyarmuanuduasie bR

o A

nsissuiieuiugnsadidlpuniivvelu
Uszwndlne

s minelulsandlngluvariine  anti
IgE (omalizumab) wag IL-5Ra inhibitors (benra—

lizumab) UagtudalifiteyanisAnwiueuiioy
lAgnsasEninge gy anti-IgE wag IL-5Rat inhibi-
tors  wsfivayan1snumulssnssueg i lusyuy
wuhei 2 ndu annsnansamnmainiiniisy
Wuanssaniwden  uazvilvEhsanunsamue
omedlseiinléfuasdaunm@indis  uenaind
fawuengu IL-5Ra inhibitors @131508ATUA
nsldemesilaafiesesnviniuussnuls  dw
Frumnadaende liwuiwi 2 nquviilfAnens
Trafgaigunse

Fedumndndudeadonldoliiugiaelen
fin 5efU 5 (STEP 5 Controller) dafugfiiedians
Ii3unisquasnunluanuneuiafitiannudeavgy
funefildannsamunilsaseenaoiflaaiAsoss
yiamugnuIngINaNiuseneaenayioangns
g1 S UENBY 9 Fosiansandail
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1. 918vethe omalizumab wugtlildly
fthhe 07g 6 TUIU du benralizumab wugthlild
Tugfthe a1y 12 FAuly

2. PauUdltues omalizumab wugilwlaly
fuaelsadiniiAnangiiud fszdu 1gf Twden >
30-1500 IU/mL, FeNO =25 ppb wazszaudlodlu-
Waalunseuaden =150 cell/pl @ benralizu-

A A

mab wuzthlslflugitefdulsafieiifnnglud
wazmssniaundledluilad  Aszsudledluiiad
Tunszuaiden >300 cell/uL

3. Bansliwazenuivesnislsien dailua
saausuilalunislidenresgUae (omalizumab
AadnlaRands yn 2- 4 §Uai, benralizumab 29
dnldimlsguiulaedann ¢ dUaw dwsu 3 19y
usn vidsntudenn 1 8 dnviogadeiiies)

a. Tsavmdu q vesfthe 1wy ledadniay
3033 3ndnsayn sy

unasy

Benralizumab Lﬁuaﬁﬁaaﬂqwéé’uuumaww
iU IL-5Re BeguiavesdleTlufiaduasiu-
lilad
Hadlwdenla

wazanasnanIuIuBledluiaduazwuly-
gnilveudldlunislisiuiunisshw
dnlug{Uaslsafinguussrdaiitinainnisdniay
yiindledluiladliannsaniuaueinsisuasld
g1ARsAlAdLReTREATIANUINIAGINANTUEIUETY

LONE1581994

1. @uananiesensisafiauslsemelng.  wwamensi-
TadouarShwiinludssmalnedmsuding we. 2562,
fasindafl 1. nyunmer U3 Jooust Buineslngd
1A; 2561.

2. GINA. Global strategy for asthma management and
prevention 2021 [Internet]. Fontana, USA [cited
2021 Jul 4]. Available from: https://ginasthma.org/

wp-content/uploads/2021/05/GINA-Main-Report-

WUsAguNU e13nulsadingunssyinlug

MADRALTIDENYVSEILAIRIN  2INATTIVUTINO
WoTlUToudioulseansnmmuinnisld  benrali-
zumab a@ssaansnsnsiadiasisuly 1 9 iy
aussaninuen  wanisusziliuenisuedlsniing
JufUasanunsnaiuaueinisvedladinldAuasd
ANAMTINTIA wavannsaanvuansldenesila-
aiesesavsiniuussniuldegslidedAgynieana
dewteusuemasn wenanidmuinnasly benra
lizumab gnansaansyaudledluiasludenasdu 0
\wadsegnuIARtadansTl 4 dai wingudilesuen
NaONSIANHISTAUILAL  AUAILUABASEINATT
Tggmuinineinisluislseasnainnisitenlidunn
ssszmienguitlasueuaznguitldiuevasn Tae
omslifiaszasdinutesde eaynuazdine
SnauiBeundu e1nsueuiiniiugas nesnausniay
fuffSesnides mafndemaiumeladiy
vy Wudu 91ainen1suisulswasnzgiiluiy
1aa1nnsta benralizumab ﬁﬂﬁuﬁﬁﬁﬂizﬁﬁﬂﬂéﬂ
fosiinisuidswnndneulduazdunneinisednslngd
Fandelasuen  mnSeuguaIUAINALAI3IN
MTIATIEAUYU-UTEENSHA WUl benralizumab
famdueilunisldsmiunsineiulugied
Hulsaiinguussiinannssniausindlesluilad
finesamssnw  wildlosanenflsandeudnauns
wazdrvntayan1sidefinanlulsemalvededes
finsnwiinfusely

2021-V2-WMS.pdf
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4. Bel EH, Brinke AT. New anti-eosinophil drugs for
asthma and COPD: Targeting the trait. Chest.
2017;152(6):1276-82.

5. Bice JB, Leechawengwongs E, Montanaro A. Biologic

targeted therapy in allergic asthma. Ann Allergy

segaus mdn, indun1 153auding 73



Benralizumab: A New Option for Severe Asthma

Asthma Immunol. 2014;112(2):108-15.

6. Fasenra® [package insert]. Bangkok (Thailand): Astra-
Zeneca; 2019.

7. Drugbank [Internet]. Alberta Canada; c2015. Drug
information: Benralizumab; [updated 2021 Jul 8;
cited 2021 Jul 12]. Available from: https://go.drug-
bank.com/drugs/DB12023.

8. Ghazi A, Trikha A, Calhoun WJ. Benralizumab - a
humanized mAb to IL-5Rt with enhanced anti-
body-dependent cell-mediated cytotoxicity - a
novel approach for the treatment of asthma. Expert
Opin Biol Ther. 2012;12(1):113-8.

9. Sista U, RenY, Yu J, Marathe A, Ji P. Clinical pharma-
cology and biopharmaceutics review, benralizumab
[Internet]. 2016 [cited 2021 Jul 12]. Available from:
https://www.accessdata.fda.gov/drugsatfda_docs/
nda/2017/7610700rig1s000ClinPharmR.pdf

10. Bleecker RE, FitzGerald JM, Chanez P, Papi A, Wein-
stein SF, Barker P, et al. Efficacy and safety of ben-
ralizumab for patients with severe asthma uncon-
trolled with high-dosage inhaled corticosteroids and
long-acting BZ—agonists (SIROCCO): A randomised,
multicentre, placebo-controlled phase 3 trial. Lan-
cet. 2016;388:2115-27.

11. FitzGerald JM, Bleecker ER, Nair P, Korn S, Ohta K,

12.

13.

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:57-74

Lommatzsch M, et al. Benralizumab, an anti-inter-
leukin-5 receptor & monoclonal antibody, as add-on
treatment for patients with severe, uncontrolled,
eosinophilic asthma (CALIMA): A randomised, dou-
ble-blind, placebo-controlled phase 3 trial. Lancet.
2016;388:2128-41.

Tian BP, Zhang GS, Lou J, Zhou HB, Cui W. Efficacy
and safety of benralizumab for eosinophilic asthma:
A systematic review and meta-analysis of random-
ized controlled trials. J Asthma. 2018;55(9):956-65.
Nair P, Wenzel S, Rabe KF, Bourdin A, Lugogo NL,
Kuna P, et al. Oral glucocorticoid-sparing effect
of benralizumab in severe asthma. N Engl J Med.
2017;376(25):2448-58.

14.Galo AP, Ruiz AJG, Abitbol ACL, Olveira C, Ruiz FR,

15.

Soler NGA, et al. Real-life cost-effectiveness of ben-
ralizumab in patients with severe asthma. Respir
Res. 2021;22(163):1-14.

Agache |, Rocha C, Beltran J, Song Y, Posso M, Sola
l, et al. Efficacy and safety of treatment with biolo-
gicals (benralizumab, dupilumab and omalizumab)
for severe allergic asthma: A systematic review
for the EAACI Guidelines — recommendations on
the use of biologicals in severe asthma. Allergy.

2020;75:1043-57.

74 Takhad R, Jarujitmaneekul T



MNIATNFUATIUITNEIUNE
U7 32 atu? 1 w.A. - L.y, 2565:75-86

AN ALUULAZDUAILUU:

ANTSILUURALAUAILIU: LouRUDAADNINE
dnsusnulsadnaalasalalsun 2019

uaufuaffanina g1ususnenlsafndalisalalsun 2019

Casirivimab/Imdevimab:

Antibody Cocktail for the Treatment of Coronavirus Disease 2019

ndun A153nuaing, n.u.
AN8LNFUNTTU AMNTLANYFARNTLSINYIUIRTIUTUR
URINIR8URNA

Qﬁwuﬁ‘%é'ﬂ e-mail: nung_mina@hotmail.com

A5 @UUAANA, N.U., Y. LNFYAIERS)
NELNAYNTTU ALLNNYFEASITINGIUIATIUTUR
UNINYIFLURNE

e-mail: jaaeythidarat.s@gmail.com

UNANEYD

Isadmudalasalalsun 2019 (a3a-19) 1fulse
lny
nEenusnlunITShwessamalnesssudugae

gUAlagulLTanio v IiAneun 1889t Il

gwlasaniinsnies wioauulnsimeatelosds
siaedlulaiignssunizlumssnwilaia-19 tagui
Jadinsimuenniidnasuvimdulululaaues
uoudved Fuiuueuduedignesnuuvaniiiniiy
Tunreaodalasy SARS-Cov-2 lnemss a1ineiy
AENTTUNITOIMITUAzE) (08.) YasUszinalneg
lAYsgnimeudanIslveuauiuadhuuNay n3e
“WouFueaRenna” wuudteulumeldmarunisal
aniduiiielsshmlain-19 Usznausien193iuun
Uazduiusy  FedlnaanvAsuAulYsTuA MY
voude  Sudimsinialasmingsnneuasiesie
drudolasanareiug Tnefiorsanbiltuemmaden
nslumssnwladn-19  lugiheueniidenisdn
doedsunan  uasdifeseideeilsaosguusaann
u iletlostumsaniulzalyliiAnn Tz vensmay
TuLssIUdutIsUNITIhwilulsime v vigan
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Abstract
Coronavirus disease 2019 (COVID-19) has

been a new severe emerging infectious disease
that might lead to death. The first-line treat-
ment in Thailand is favipiravir (antiviral drug) or
Andrographis paniculata (Thai herbal medicine)
but both agents are not specific treatments of
COVID-19. The new drug as monoclonal anti-
body is currently developed which is a specific
antibody against severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2). The Thai
FDA has issued an Emergency Use Authorization
(EUA) for the combination monoclonal anti-
body product as “antibody cocktail” composed
of casirivimab plus imdevimab to be adminis-
tered together for treatment of COVID-19 which
is specifically directed against the spike protein
of SARS-CoV-2 and is designed to block the virus
attachment and entry into human cells, also

against SARS-CoV-2 variants and mutation. Con-
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Casirivimab/Imdevimab: Antibody Cocktail for the
Treatment of Coronavirus Disease 2019

onTINITFeTINVew e uazouniingsnisalnig
vumvedlnin-19 ludloyiuuazeuinnls

AENARY: ANTTILLL/BUAILIY; WauRUaRABNME;
Tululraueawauiven; lsafnalisalalsun 2019
N1591999UNAY:

ngun 133auding, A13nd auuaidng. ATTIkIULAE

UATLUY: wouRUaRfanma d1msusnuilseinalisale-
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AUsTasAang AnssuNEuazlasunaRinniseuunay

1. 95UNEUNUIMYB casirivimab way imdevimab Tun1ssnulsadntalisalalsun 2019 1o

2. a%mﬂ%’aagamqmﬁﬁwm ANSANWINARTEN WarAUUaDANYYBIYT casirivimab Way imdevi—

mab 1@

unn'?
Ifalalsuraeiuinguennisminiumela
L?JEJUWE‘TWULLN 2 (severe acute respiratory syn-
drome coronavirus 2; SARS-CoV-2) Lﬁua%m
vaslsaindeladalalsun 2019 (COVID-19) #ifins
sruinegnddlugilaniutiagiu la¥a SARS-Cov-2
flassaraduerfidue RNA) melfeiifiudeniiy
(envelope) Hutulodi ﬁﬁu?juaaﬂmmﬂ enve-
lope 138171 TUsAudIUUL (spike glycoprotein
%39 spike protein) LLﬁméﬁgU‘ﬁl 1 spike protein
f5Usnsanizianzasaunsaduiulusiuedd 2
(angiotensin-converting enzyme 2; ACE2) Uu#in
U (receptor) TinlwaduywEdmUINTiven 1o
Wlauagvaeniden hbilisaansounsidndiwad
wyudlel Ingusinnmes spike protein Avhmifidy
AulusAu ACE2 138111 receptor-binding domain
(RBD) waziflosann envelope ﬁ@u%ﬂmﬁuﬁwq

hifadindTsgnihagldfeuaunn amudou ua
asiazanglufuld 1wy weanesedvieay lelia
SARS-CoV-2 \ingiadaziinisasnsans RNA Tyl
Juodeningy snmfeatusznsedulfeadidntin
(host) a¥alusAuteansierty RNA Trsiaunaneidu
h3afiauysaindouilazeeningniousnivadle
Folalsuh3afinelselussuumaiumela
duvuvosywdrialisuusal 4 anediug  leun
HKU1, NL63, OCA3 uay 229F druidielalsutldadn
3 genugnalsnsuusinlivansnaunasidedinla
oA SARS CoV-1, MERS-CoV wazandnfe SARS-
Cov-2 Miuauvnuedlsa COVID-19 Tutlaqii
SARS-Cov-2 1Wul¥afinszurumsifindiuiu
wagshanugnssulivseansamldauysal  vild
agaeNuge oukazaINITINAUNUTIUNIAY
suuswadlsmnnty  aeiusdesvedlhifanelsa

COVID-19 #szunegnandn lawn arenuguaai
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ANTSILUURALAUAILIU: LouRUDAADNINE
dnsusnulsadnaalasalalsun 2019

U 1 Tasaarsvoadelisa SARS-Cov-2
(FRaenaInlenaIse19897 3: the WIKI Creative Commons 4.0 License)

() vise B.1.1.7, anevugium (3) vie B.1.351,
aneugunua (y) vi3e P.1, aneiiuginan (O) v3e
B.1.617.2 Jusiu Tutlgiunuaneiiugloiinseu
(omicron) ¥de B.1.1.529 Juaeiiuglnifiszuin
lulansausifieu waednieu n.e. 2564 Tefinseu
fvanganeiugtosfio BA.1, BA.L.1, BA.2 wag BA3
Bsaneuslefaseudumeiugnateiinina (va-
riant of concern; VOCQ) Lﬁdu@mﬁ'umﬂﬁuﬁ:mam
dmsuaeiuguean, alenugiun  wazanewug
s gndnduifissaneiusifiosdung (variant

)4,5

being monitored; VBM

paltsnulsafndalaalalsun 2019 “°
1. Wwzawlas (Andrographis paniculata)
entllddmiudaneiliiionnts (asympto-

¥

matic COVID-19) #3ail01n15tNe9Entes SIUMIH

Y

ANUESRsoNITAAlIA COVID-19 AU

pangvisdugInsiiudwivvedada  ualiauise

Uoaiulifadngwadly  Tamsduenlisinanvmas
Anlge COVID-19 wiail mslieilmeanglaslugUae

PUAUAENTIVWING  FIURLININITI N0
Usznelng

2. ngusndulafa (antivirals)

Uagdululsewalnedienguiled 4 viia wia
usn fie WIRsWILS (favipiravin Wugduuuedie

5 P 44 A  a ¢ . .
wazen vllaniaesfeluauiisdes (molnupiravir)
I3 < a o & s a ¢
Juguuvgda  vliafianwde  lwesuunsaies/
Islnundes (nirmatrelvir/ritonavir) 18uguiuuen
] a Y oA Aaa ¢ L. I3
dln uazilngavnefeLsun@ies (remdesivir) 1u
sukuvgdamavaeadendilglugUlsiisuiaiy
-'-NI IS . 1 r-:’ll
deowwedlsaguusy dinsdniauveslen  enlungudl
pangVatnvIeNIsviueteulesl  RNA  poly-
merase  @sAnudAgylunsEUILNTINELUUBIS
DUl (RNA replication) atoulwsilaianansayieu
o Fedugsnmaiindiuiueethsa  wenainilends
Mbiian1sas1easugnssuniaunawagyinl
¥ameld 8nviamadn remdesivir gnsdugslisa
Lalidgiaalusianisuyudlasnaie lngagly
Hasanlnefimzatelasuazerdiuliasiuiun
HUae mszenaiinaliiisUszasdainenle

3. nguedulylalail (anti-cytokines)

g1 anti-cytokines Tunguillaun Ingdguuy
(tocilizumab) W& (tofacitinib) wazul3Ti-
U (baricitinib) 990ngNEAIUNITVINIUVBY cyto-
kines Tusnane

1 ‘:9‘) ¥ r-:ld' ] a aaa
g1nguiildnsdinganiedufaseniessuy
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Qﬁé’uﬁuiumamauauaaasm':;w,l,iwfaﬂfliamL?‘ga
anmeiisameasvds cytokines USunannidng
nsvualienviuil Wy interferon-gamma  (IFN-y),
interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-0) WJudu i lAAnn1e cytokine storm @
Miewas neliinn1sdumaveteivazag ¢ lu
$1neld faisreramuludtiefnge COVID-19 7
HUandnauageTuLse wagilssuumaiumelany
wiawnuan  dadudussededinldmnlildsunis
$nw10819IUNNN

4. ngugAasAlAdliesan

silunguaiiesessinalnnisesngvidie ¥
AANITENLAU AFUANNITNBUAUBIVDITTUUNTANTTY
vaesumelalwviugiserdulsaunfulauilig
dobodaaudems 1 dusuaiuluguaeiia
21MssuLsInINivivendniay (COVID-19 pneu-
monia) lalA dexamethasone JUwUUB L IALAZEN
%ﬁmuﬂﬂmﬂm %3eld  methylprednisolone
sULuUgdameviaenideadilugtieinfiasdongs
gnsdniaunatesruuiiieadesiulsa  COVID-19
(multisystem inflammatory syndrome in chil-
dren; MIS-C)

5. nguenlululaausauauivad  (mono-
clonal antibodies)

Tululpaueaueufived fe wouRueffias
Pnwadiindentn Wuweuivedfidlassadady
JUA Y Usenausie 2 Wuy A Fab (antigen bind-
ing fragment) ifianudnesowadithmng was
druwes Fe (crystallizable fragment) fisufusasu
Fc vosadnifuiuvead i Geazannsansedu
seuugiiAuiulvisnyianefsiuiesld (antibody-de-
pendent cell mediated cytotoxicity; ADCC) fo
adyneenazasnenie “unu (mab)” Wumde
Y9 “monoclonal antibody” G

Tuedn Tululrausalsudved Wukoufived

nafnnvynue e lluayedvillife
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wauRvafsieY  YINaMIINIanaY  wared
vbiAnnsuild Tulagtudsinsiamundu chi
meric antibody FuinanMsiaseRugnIILle
TlowouRveAvemywdTiuny  Iaelidndiuves
uywd¥evay 65 Joasfamaenazasinesny “Fua
(ximab)” 8nwfinAe® humanized antibody i
ddnvesmyudinnninfesay 90 TeasTyyaen
WAWNUMIEY “guiu (zumab)” wavvlinanvinefe
human antibody ﬁﬁé’mdauﬁ‘]ummwwéﬁu’mm of
gdTEyUNN9E1EaNLAIE Uy (Umab)”
oilunguileongrssususuminanz  (epi-
tope) 71 spike protein UuRawedli¥a SARS-Cov-2
9UAVINNTTIVVDY spike protein FUAITUBLALDT
3 2 (ACE2 receptor) UuAwaduyys dnunsdunon
nsrudgaduusy  inlrhaldanunsaing
meluwaduyudld elunguifvouuuden 1dud
1olnsIuuy  (sotrovimab) waglhuukay (antibody
cocktail) Usznaumelilularaueaueuiived 2 vila
fio uouAueATiainanvyTsgndauasiugnssulyi
fssuugiifuiuetnamyud  ufuLeuRvediarin
Mngiimetheanlsa COVID-19

nalnnseanguivasuaufiuaiinanna (antibody
cocktail)™®

snﬂfjuﬁﬁ]zaaﬂqw%ﬁmvﬁﬁuﬁu spike pro-
tein vatlasa Lifadslianunsaduiuiisuresaad
sume il faiidigianieanyinuas dilug
nsfudanishadelusamenesiaeld  vienan
landunisavdamsinueedsa  Fadnedlu
nauennidufiuaudegud (neutralizing monoclo-
nal antibodies: NmAbs) fifinaauiAdumzsens
$hwilsn COVID-19 3nu Winadniinsldendies
yinLne?

;Y

Tonvaselunduiiie Wielvgiiauiuaiuise

Y 9

auangnevende  ilildageumasms  angnsn

ATISNBIFIUISINEIUIE  AASEELIAINISUBY

78 Jarujitmaneekul T, Samarnkongsak T



NsESNFUNSIUITINEIUIE
U 32 aUUN 1 4.9, - 1318, 2565:75-86

Tulssmenuia anmudssnnnnsdedn waste
annnginganisaliedulsmeuiadiudildansnsn
Suffthodiald enlungudl Tdun  wuuan@iua
(bamlanivimab) SAULDMGILNY (etesevimab)
(casirivimab)  $uAUBNAILLY
(imdevimab) Tufan1s@n Staumen (REGEN-COV ™)

Fazlonasely

LAY ALY

Y

Hoyanaluvasen

Hosdiny: ATFIULU (casirvimab) way BuATuun
(imdevimab)

Han3#n”: REGEN-COV ™

nARle USEM Fwuma 89 Fadluls lewsneu
aNsFoLISNT USEW Amauyl BuAEUY Leawoad
Ugilediu Bugun ansgelsng

Unlee Usem 159 Inewaus 9110
Fomaafiuazdmiinlaana® (U 2)
Casirivimab: C H O S ,145.23 kDa

6454 9976 1704 2024 44

Imdevimab: C_ H N O S  144.14 kDa
6396 9882 1694 2018 42
suuuuen’:
A158LAELIUTUAINSULIDI SN YALANTAY -

anglafuanies Lifidtdwdessou T pH 6.0

ANTSILUURALAUAILIU: LouRUDAADNINE
dnsusnulsadnaalasalalsun 2019

Tmheluussaiun 2 Ussan fie

1. vrsyfasidmiulinanenss (multidose
vial) dnwauztduein vial vuim 20 adans Susuim
p1933luvIn 11.1 fadans Usznounie

¥9fl 1 d1sazans casirivimab 1,332 fiadnu
Tu 11.1 Taddns (120 fadnsunaliagans)

¥Iail 2 a1savans imdevimab 1,332 fadn3y
Tu 11.1 Taddns (120 Hadnsunaliaaans)

2. vispdmusdwsuldadafen  (single-use
vial) dnwaziduvan vial vun 6 Jadans SuSuw
p1933luvIn 2.5 Hadans Usenaumniy

¥9fl 1 @1sazany casirivimab 300 fadnu
Tu 2.5 fadans (120 AadnSusoliadans)

¥9fl 2 @15avats imdevimab 300 fadnu
Tu 2.5 fadans (120 AadnSusoliadans)
druusznauiilieangns’:

- L-histidine

- L-histidine monohydrochloride monohy-
drate

- Polysorbate 80

- Sucrose

- Water for injection

5UN 2 1598319904 casirivimab (3Uaugne) uag imdevimab (UAUU31)

(AnaanaInena 15919899 10)

o o £
ngun gAnuding, Sl auundng

0790



Casirivimab/Imdevimab: Antibody Cocktail for the
Treatment of Coronavirus Disease 2019

$5,9-12

Wndunaans

Casirivimab waz imdevimab LUy mono-
clonal antibody Usgtan human immunoglobu-
lin (Ig) wiln 1gG1 wammewAlulag recombinant
DNA luwadSslivesyusauawas (Chinese ham-
ster ovary) lag casirivimab Wag imdevimab 3gdu
AUV receptor-binding domain (RBD) Auay
FLUUeIUYes spike protein LLamﬁquﬁ 3 yilu
spike protein lignansaduiulusiu ACE2 Uuin
waduyudld Talinadudinmsindolumaduesing
Hagtumeiugitolasa SARS-Cov-2 fimsnaneiiug
lunmannuanesaneiuguoa  aefugiun e
fusunan aneiuginant #9900 in vitro studies
WUIINIS casirivimab 521U imdevimab vinlw
faflennaleaeiugiolada SARS-Cov-2 dnsiu
ag agalsnmudmsuaneiuglefiaseu 910 in vitro
study WU casirivimab Wag imdevimab 819y

s

deauanunsalunisavasgrslelinsauansiug

goy BAl uar BAL1 wadsllanuaiunsalunis
audsqvidlediaseuaeiiudies BA2 of Tsgud
mvaukardesiulsn  (CDO)  vedansgowsn1ln
wednledinseuaeiugges BA.2 Ialulisaaeiug

Casirivimab

(REGN10933)

5 Imdevimab
(REGN10987)

SARS-2-S
RBD

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:75-86

ANTLNITZUIAUENTTOMEN D SudaUsemna
WULNSN BULRY warWauTud
2 °'9,13
WEYAUAENS
LNAYIAUAIENTUD casirivimab way

imdevimab  flanwaugidudunsaazidudndiun
yunneiilesulasdianutudugeaeiudon (maxi-
mum concentration; Cmax) Laﬁlaﬁuaﬂ casirivimab
1,200 fadnsu uay imdevimab 1,200 fadndu
WinAU 325 Wag 364 Jaansusedng AuaIau ezl
ﬁuﬁiﬁﬂi’lw (area under the curve; AUC) 5£%1314
anudutuveserludeniunani 0-28 Yu (AUC_ )
Y94 casirivimab 1,200 faansyu wag imdevimab
1,200 Haansu winAv 3,393 way 3,492 (HadnTueTu
fodns) mudtu @nlusunmsdsuanineinia
A158431 casirivimab way imdevimab %gmﬂ?ﬁm
anmiIune catabolic pathways Faudunssuau
mswasuulashnanavesasunalvavidnaslag
asaangsmnaneiuwndlndvuiadnuazidunse
oziilu Tudnwazidentu 1s Aoglusisne lign

vinoanmslavisegniudsuanimemetoulesl CYP
P450

sUfl 3 Tasaad1sves casirivimab (REGN10933) wag imdevimab (REGN10987) §uUifu severe acute

respiratory syndrome coronavirus 2 spike glycoprotein receptor-binding domain (SARS-CoV-2-S RBD)

(@”@aanmmanma‘a”wéﬁ 11; CC-BY-NC-ND 4.0 International license)
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Ujnaensendneen’
gelifinsfinwuisensenineesansviln

AULIMIDANTTUADY

ANSAN®INI9ARLN

Toyafivinlile funiseygyralildgnidy
(Emergency Use Authorization; EUA)"” 111210119
finw1 ongoing phase 1/2 double-blind study
WUU randomized controlled trial (RCT)™ Anwn
Tufftheuenengsus 18 JiulufiRaide CoviD-19
U 799 518 Henisluseauidnteefisuiunais
Wivuitousewinanguilldsu  casiivimab Wy
imdevimab wwasiy 2,400 fadnduaduien
(Iunelsiazs 1,200 dadniy), casirivimab Way
imdevimab ww1a57u 8,000 fadnsuadauies (vune
gIsiazsa 4,000 fadniy) Auvesmasn laglinis
Swimely 3 Sundnesanude Jemuimds
nnlddumssnuly 7 fu nguiiléi¥u casirivimab
LAz imdevimab Wevwa 2,400 Jaanduuas 8,000
fladn3u fUsinaudelhsalunsyuadon (viral load)
nAdeiy (viral load Sedusnnndn 107 copies/
108803)  anasuINNINeIRasNag NNTuEIAYNIY
a0t (mean difference -0.68; 95% CI-0.94 79 -0.41;
pvalue < 0.0001) Snvedosavvsansnduluny
unndly 28 Junasnissnwn ervinsdndnunlulss
weuta MIluNungnidy wieRsatnSunsiny
DH19LTINIU suameju casirivimab Wa% imdevimab
wuifles¥esas 2.8 (12 910lu 434 $18) Tuvairfingy
Flesuemasnnudesar 6.5 (15 iy 231 510)
Iﬂﬂma%aﬂﬂﬁjumﬁ%’u casirivimab 1ag imdevimab
1 2 valiiunnsafulunnaadnsyosmsing

%’agmﬁmﬁumﬂ post-hoc analysis #1n—
sanznsnsnwlulsiwenuianag luuaun
andunelu 28 Ju wudnguitle¥u casirivimab
waz imdevimab f¥ezavvssnisdnsunisinelu
lsangnunasayluununanduiies 8 s1elu 434 g

ANTSILUURALAUAILIU: LouRUDAADNINE
dnsusnulsadnaalasalalsun 2019

Andufesas 1.8 luvnziinguiild¥usmasnmny
4 10 s19lu 231 519 Anludesay 4.3 (57% rela-
tive risk reduction) uenanisnsINsEEUlUYes
Isn COVID-19 wpsfihedifinnuidssgslunguils
§u casirivimab wag imdevimab tUsguliisuniuen
vaenlawinduiesay 2.6 way 9.2 aua1nu (71%
relative risk reduction)

n13An¥1 double-blind phase 3" wuu RCT
Tuftheusnengious 18 Viuluiiade coviD-19
§1U 4,057 579 (FEen9INNIATIINUES CO-
VID-19 nnglu 72 Hhlusuasdionnisvedlsaldiiu 7
u) safuiitedodsslunmsiialsadinide COVID-19
suussdaust 1 Jadetuly Felunshnudananmy
Podudesdnlvallond 1sadau (BMI>30 nn./ud)
91811 50 U dlsavaendieniila laew3ey
Wigun1s casirivimab way imdevimab 3u1n534
2,400 fadnduaduien (uneudazsia 1,200
fadn3N) Ausmasn wazlIuuisy casirivimab
waz imdevimab wwasay 1,200 Jaaniuaduiien
(uIneisiazwiin 600 Laansu) Ausivasn wu
Juferarly 28 Fu nguiilé casirivimab uaz
imdevimab ¥ 2 yw1a (2,400 fiadn3u waz 1,200
fadnsy) Awaannisidrsunissnedlulsmeiuna
VWIIMTALTINNNYNAWNE  UINNTNEMABNBE
fitfuddyneadd Taonguilé3u casiivimab uaz
imdevimab wu1a 2,400 dadnsu wun1siwnles
neuransensidedin 18 sl 1,355 518 Anduy
Yovay 1.3 luvaugiinguitldiuvasnny 62 51
Tu 1,341 919 Anduesay 4.6 (71.3% relative
risk reduction; p-value < 0.0001) LLazﬂEjuﬁléf%
casirivimab a2 imdevimab wu1a 1,200 Jaansy
WUMSIlsIneIUIanTenNIT@edin 7 sielu 736
seAndudosas 1.0 Tuvaziinguildsuemasnmy
24 s1¢lu 748 sneAnluSeas 3.2 (70.4% relative
risk reduction; p-value =0.0024) gﬂﬁgﬂuéﬂwmﬁ
casirivimab ag imdevimab ﬁy'q 2 YUIN BINTVD
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COVID-19 w8L5Innemannds 4 Yu (10 Tu way
14 TumUa19U; p-value < 0.0001)

Uausld

1. $nwlsn COVID-19 Tugtawongmaust 12
Juluuasdtmiingoehatios 40 Alansufiiinansa
gudunazionisidndesislunarslaglidodl
pondlauaiuiiiodnwilsn COVID-19 uazugihe
fdvsgeiilsnazdniuluglsn COVID-19 fiflonns
JuLse laud faseny lseoau lsavaenientiil
arudulafings lsavandosssuddsniin lsaiun
yuviedl 1 viievied 2 TsalaFesssudeiae

[y

wonla lsafuiseds fnnzgiidutuunniomie
aifutugnne 1w Tsaugise Idfunisiasudie
lunszgnuseedetr nqueInsnliduiuunnses fn
dowerled  (musuUiiandelidalunsvuadeonls
Wif vieusnguang uvedlsatond) n1zladining
UssinnifladenunsguiAen (sickle cell anemia)

Y v [

s1datdle n1sldenagiifuiufesedudussezim
W WJusu’

2. Yosfumsiinide CoVID-19 Tufftheony
faus 12 Buluaedivhmiingogsios 40 Alansu®

Uagtudaliuugiily casirivimab waz
imdevimab luftheluiiinie COVID-19 fiflenis
JULsIazAadleNTIIUIASHLUUENITINTINag
(high flow) n3eldiadesteniela (mechanical
ventilation) L83 ne19aNaYITRANT NN

AATNLEAg™®

AUZUINT I IUKYINIIN1TINE

L auA1uugin9e@n 1 TUgUAINUURA
anigelsnt’

wuzihlvildenlungy anti-SARS-CoV-2 mo-
noclonal antibody regimens Lﬁa%’ﬂmﬁilaauaﬂﬁ
fadle COVID-19 fifenmadntesfsiiunans wax
Hugtheiitadodomannasivos EUA v

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:75-86

iy dud engioudt 65 YAl Tsedau
BMI>30 nn./AP) lsaiwmnu lsalauazviase
WWonnungsiutslsamlafinisuan s ¥eAuAuY
Tafings lsmUaniFess iy Tsavangaiuiioss sadin
spiulunansfeguuss Tsaialndiven (interstitial
lung disease) 13A cystic fibrosis N1IzANGAUNADA
Laaﬂ‘damgﬂ (pulmonary hypertension) 1 Hu@u
uananiigudauauuazdostulsaunsaniy-
9113101 (Centers for Disease Control and Preven-
tion; CDC) wugliiasandadeideadusiudie
fonavhlsinisduiiuluveslsn COVID-19 Juussty
un  fhefifinnenfduiuunnsesvidoldiueng
adfuiu amedwiinAu BMI 25-30 nn./ad) Tae
ideds amedinges lsadindenunssuifen ne
unnsaaneanile (neurodevelopmental dis-
order), ﬁﬂaaﬁé]’aamﬁaLﬂ%iaqﬁamqmil,t,wmét,ﬁu
Wlaglidunusiu COVID-19 wiu 1zae Taanyli
91913 Wudu

giluiligduivianan 3 vlia Ao casirivimab
3AU imdevimab, bamlanivimab $31AU ete-
sevimab Way sotrovimab d@wsuluuseinalned
IIMULYT casirivimab AU imdevimab ey
sotrovimab

dlodeudunay wea. 2564 TiH1uLn 83613
91N TUALE1VRIEN3FaIEN ey EUA iindens
lges casirivimab Wag imdevimab d@uiulesiu
Iuﬂﬂwﬁé’mﬁavﬁa COVID-19 (post-exposure pro-
phylaxis; PEP) Bswusiilelmiftanndsdusiaido
Inglit casirivimab 600 fadnsu way imdevimab
600 Haansu AnnlaRmie siunlsay 2.5 Taddns
Wun 4 fums vse vendvmaenEend
pdaidien (nadifthedesgeilsnazaniulug CoviD-
19 fifloIn3us9)

2. MNUUINETUHURNTIHAREAUATIY
wartastumsindelulsimeruiansalsainide
Ta%alalsun 2019 (COVID-19) atiuuiuuss Tudl 22
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Au1A W.A. 2565 EMIUUNNEUAZUARINTANTITOU-
4UVDINTUNITWNNE  NTENTNATITUAY" WU
Lifivoyamuugiinisld anti-SARS-CoV-2 mono-
clonal antibody regimens luusginalng
YUAYILAZASNS "1

1. NIS5AN

yngdmsugiheegius 12 Tduluua
fhiwtnegnaties 40 Alandu Ao casirivimab 600
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Abstract

Urea cycle disorders (UCDs) are metabolic
genetic disorders with an estimated incidence
of 1:35,000 in the United States newborn popu-
lation. Fifty percent of neonatal UCDs develop
hyperammonemia, with a mortality rate of 25
to 50 percent, followed by severe neurological
symptoms in survivors if not treated promptly.
UCDs are caused by abnormalities in 1 of the 6
enzymes or 2 transport proteins involved in the
urea cycle, preventing the body from convert-
ing ammonia into urea to be normally excreted
through the kidneys, which causes toxicity from
hyperammonemia to various endogenous sys-
tems within the body. In the treatment of UCDs,
patients should limit their intake of proteins
that break down into ammonia and choose to
consume only high-quality protein together with
medication. Medications are divided into two
groups based on their mechanism of action: 1.
Nitrogen scavengers: sodium benzoate, sodium
phenylbutyrate, sodium phenylacetate and

glycerol phenylbutyrate 2. Deficient metabo-
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Urea Cycle Disorders
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lites: L-arginine, L-citrulline, and carbamoylglu-
tamate. The aim of these drug treatments is to
resulate the metabolism that affects normal
growth or development and to prevent future

complications.

Keyword: urea cycle disorders; hyperam-

monemia; sodium benzoate; arginine
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Unfvesaulnl NAGS adnepdsiuvodoulysl CPS1
AodNalilAnn1g hyperammonemia®’

Junaudl 2 \Herdesiuioulesl ornithine
transcarbamylase (OTC) Judsaufiselon
carbamoyl phosphate §UfU ornithine AL Tu
citrulline (5Uf1 1) Anuunnsesvesoulss OTC &
Fofuamanlvgues UCDs Tasioulssidgnathg
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pyruvate

J(‘J

Ig 3
5

glutamate
acetyl CoA

2ATP, HCO,", NH,

carbamoyl phosphate

/

ornithine

NAG

mitochondria

citrulline

=

malate

a-keto-glutarate glutamate
MAD* NADH _/}
-
| MDH | oxaloacetate

]
Orotic acid citrulline

arginino-
succinate

arnithine

urea

arginine

ayierell

fumarate FUM

/__/_. aspartate

malate
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MNADPIH NADPI*

AN

aspartate

a’fa .
glutamate /nfqe

AST
ALT

a-keto-
omloacetate
glutarate

MNADH pyruvate
DH
LD.H
I'\I.i\l:)+

lactate

Hepatocyte

ARG1 = Arginasel; ASL = Argininosuccinate lyase; ASS = Argininosuccinate synthetase;

CITRIN = Citrullinemia type Il (mitochondrial aspartate/glutamate) carrier;

CPS1 = Carbamoyl phosphate synthetase 1; NAGS = N-acetylglutamate synthase;

ORNT1 = Ornithine translocase / transporter 1; OTC = Ornithine transcarbamylase

JUN 1 nalnmsmdauesluilelagruieaseSe (FauUaseiniena)seNaIuIeaY 6)

lnedu SLC25A15 Neguulasiulon X dedu Tuine
YUNLAMURAUNFVDIBUAING1ITITAIIU UL
YaalsANINNdY  HRRINNANANENITEULANNNT
LaneeanTadlAsiuley X FllNanaIEAuAIILTULTS
vaalsn N swanannulugemAngasivianuy
Mlailani91n15a8UTIDINITTURTINN

1Usfu ornithine translocase (ORNT1) ¥

] % 1 . . A a

ALY UAIVUFS ornithine LARBUNINA cytoplasm
Wnnely mitochondrial matrix AUUNNTEY
vaslushuninanIdawmaliiinnnzueuluiely
donguduiu  winuldlivssuavdnuanseinislu
1 aa 6,7
TRUANYVDIVIN

Jumauil 3 Wndulu cytoplasm Taegtoulesd
argininosuccinate synthase (ASS) vimwtfdu

FseUisendufmiuLes citrulline wag aspartate

0900

oy argininosuccinate ARunwsoIvaaauley
ASS FgAAnAME citrullinemia tag hyperam-
monemia A

Citrin Ao TUsiuvudsiloguinnilulnaeu-
wievimihdin  aspartate  lulslnaousiuoong
cytoplasm Lﬁ@lﬁi’flmq%gﬁﬂ Snviedann elutamate
1 cytoplasm  ihglulnneusdoduiy iy
AuAnUNRvedy SLC25A13 fivhutinfiadelusiiu
gudsiienaiiliinnme citrullinemia was hyper-
ammonemia 1#°’

tunaudl 4 enfafasaUAsen argininosuc-
cinate lyase (ASL) ﬁmﬁﬁ‘ﬁldﬂﬂﬁﬁ%méf@ argini-
nosuccinate oty fumarate wag arginine A4
RoaundAveaouled ASL vinlwseau citrulline waz

argininosuccinate luidangedu nelviiin UCDs lu
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msnusniiauazlugluegla

gunaudl 5 efauisAten arginase ¥
win3sUFATedn arginine 188U urea uay omi-
thine Tne 84 ARG Ywihiiade arginase wnifin
AMNRaUNRduEunIaloulslfingy  zvinlilin
A% argininemia D A3zAU arginine IuLaaﬂqﬁ’m
iU hyperammonemia Tngenmsuanssinintuly
Fneng 3 Taul”

n1531a9y UCDs

INTHAAINIIAALN

21MIMeaNBamAINLelanily (ammonia-
triggered encephalopathy) Tniduemsuanavas
UCDs ﬁﬂaaﬁﬁmmimqawwizamLLaz/vﬁama
Iy amgdunodeundy fuieiiasdunnziv
wionsidadousnlsavasnnzdndelumsnusn
AR AISHANTUNES UCDs taziugiliinisnsiaia
szavuauluieluifionsiuiunmsiasgvimaiveg
DTN

UCDs  0194an101n157 s imnzianzaaien
AU SUUNMTINIUTDRU-N1TE989IMNT A
91N19AA1815ANADALADAFNDIVIALADALAYUNAU
(stroke-like episodes) a1 sipdeulmAnUnilade
(chorea) AM¥aANBINNT NILANDIVIN FoYHENIS
NpLuIINANURRUNRYRIELBY  (episodic corti-
cal visual losses) 81n15AA18Ra7IETN (autism-like
symptoms)°®

nsnsIneasUfianisidesdu

JUaeiflonnisuansnieadinadslafunis

LY 4

3%@8LLamﬁaﬁ]mwaqﬂﬁﬁ’aﬂ'ﬁﬁaqé}’u il

1. n1sasaviaszavnanluisluiden
nsnsiafaseiunenludeludensiduededs
dlosanszezaiiin hyperammonemia dumus
AUKaaNs lun1sSn¥IveEUig nsnusniinnas
;ﬂmpjﬁﬁmw hyperammonemia $152AUAIULTL
Juvewanliigluden 1131 100 pmol/L way

NAULIANRTYTHUNNT

50 pmol/L swansu (aelugUhemsnusniingn
fsvfungaivludengesansg)  ilensitedy
fsadimsldssuuduiinuagnisudaioudidn-
nsatin asvinsziukesluleniely 2 89 7 Ju
Nanaen

2. n155933A5129 blood gas Liiemn1iz
respiratory alkalosis fisniAntutesay 50 Ve
UCDs uuuidsunduiesanuenludefigsduasdu
ffu free hydrogen ion (H*) na1® 1w ammonium
ion (NH ") finasegudniuqumsmelavinliifdae
melaituauinnmzdenduseannsmela’’

3. N13AT99A52AU blood urea nitrogen
(BUN) fia msinanlulasiauanngseluden U
UCDs ffnmsaamnue1 BUN sndndnd iilesaindulal
ansnwdsuneslueliugFels Tnetasdund
Y032y BUN figfad

- Newborn (Mm5aksnuiA) : 3-12 mg/dL

- Infant (M3n@1g 1-12 1fiay) : 5-18 me/dL

- Child (46in) : 5-18 mg/dL

- Adult (we)) : 1020 mg/dL w3e 3.6-7.1

mmol/L (SI units)
- Elderly (fgvene) : s¥du BUN 819100
Tuglvadniles

uaﬂmﬂmmiaamqﬁ’awﬁﬂ’amnﬁaqﬁu
sfimansramsduedifioaiuayulselunguil Ao
nsnsnseeziilulunatauviserenden Sy
N135M379 urine organic acids Wag orotic acid lag
mssunansanigly 24 e uavause
inssnwdUaslalaeudidslinsunansiauuda’
(udssinalnganuisadinsransduedls loeinng
sovurandumelundafadatuud e fjin
n13)

n153tadeuenlsa

dlug  UCDs  Tumsnffionnisuansnag

v

Au (early-onset hyperammonemia) finlasunis

e duN LA IUNTELAEDA  FIUBNAIN
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A1z UCDs udpnufinun@ifionaviilidn hyper-
ammonemia ﬁ?uﬁwmamt,méhaﬁu WU NITAY
1o msindeusdfdalumsn  wazniseasaneu
muua Tudiuves late-onset hyperammonemia
onaflamnansziuuenluieluidoniiganitund
dleonguntu msamedvedusiufidintu (gu
Avgalutieszezndemaen nslasuenalividanie
graesoun  Hurauna/uiadu  dideneenlunig
Buewns)  amzdunedeundurteses mld
FUAINLINNIBUINTINIGY  NITIASUBIUNTTA
(1 valproate way L-asparaginase/pegaspargase)
lsAEuERnaAT AU (porto-systemic  shunting)
Tsasedulasy (Reye syndrome) anzfifinnsadig
wonlanfielusnanieUsunasnn (WU urease-posi-
IGE

tive bacteria overgrowth genito-urinary

infection)  waznskasuansndlulnsiauludsuna

Thai Journal of Hospital Pharmacy
Vol 32 No 1 Jan - Apr 2022:87-102

10 (WU ASIRENT9ININIRaeALaenaT N1Tla
Suansavane glycine lun1sinAnsiaNgnuINAILTs
d09nanq)’
N13523AT1ZINeT AT naziaulyal
FUhefifinan1snsIamaiesufinisinund
msdwinseiunsaesilulunanan  laewa3os
amino acid analyzer @sendendnnisves liquid
chromatography' N15A91ANSARTNLAZIBILATIZN
AINENAINTALENNITIAANTIY hyperammonemia

UCDs Unes3any

[V VA V)

ANURAUNFveIsERUNInarilululden 198 Tumnau

nanvgduls laemilunnig

N73Iladen1e  hyperammonemia  MdFULUUAN
Fupdaoud1anIzlAIz RN dnve e ulylnse
guiinUng dananslugui 2%

1Y

nllnUANURAUNRATDIAT AT 115N

gavng e N1IRTIRARUNMIYINNIUYRReUlY

Hyperammonemia

Citrulline |

Orotic acid (U

Orotic acid Uy T
normal

Taadag Ornithine T Ornithine
3-MGA (U) T normal
NAGS D —

CPS1D T Homocit A
HHH synd B
Ala
T om, Pro, Arg orCcD
Starved Omn cag be
Hyper-NH, transiently
normal OAT D
PSCS def

Citrulline TT T
Orotic acid ()

Citrulline T
Orotic acid ()

Citrulline TT
T Orotic acid (U

Tar Tasa ASS D
ARG1 def 111 asaw
ASL def

lulagiys

Orn
T ulagLys

Orn (W
LPI

(U) = urine wisallaaniy; 3-MGA = 3-methylglutaconic acid; Ala = alanine; Arg = arginine; ARG1 = arginase 1;

ASA = arginosuccinic acid; ASS = argininosuccinate synthetase; CPS = carbamoyl phosphate synthetase;

HHH = hyperornithinemia-hyperammonemia-homocitrullinuria; LPI = lysinurix protein intolerance;

Lys = lysine; NAGS = N-acetylglutamate synthase; OAT = ornithine aminotransferase; Orn = ornithine;

OTC = ornithine transcarbamylase; P5CS = pyrroline-5-carboxyl synthetase; Pro = proline

=1

UnN

2 Tumaun1531aderUae late onset hyperammonemia lagsesu citrulline Tuideauay orotic acid

lutaaniz annseldszyvsethlUiieseimanuiaunfves UCDs udagguuuule

(AAUYAIDINBNAITONDIVUIENAY 4)

92
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Aedesiuinsgde  Fueulsiimunedlufuuay
wulvsiunsdimegluwadidaidonuns  wadidey
ald wazwadliluuanad egnlsnnu 38113099
wouleilidunfen usazthunldidonsnsansen
1UgNIIY (molecular genetic analysis) Toinadu
au  viselddmiumaifeiiletusunanisnsiams

Ly

wugnssunlbinalaidaian’

nsdansnnzuenlanlisluifengaasundu
nsnensaiausuLsreslsatuag i 2
tade loun szogaigtaeinnmglai uaysedy
pududugsgavesiouliiieludon  auTINGga
Tunms$nwidutiafedifyinnaniuweiuianisd
WININIslUNITIANITaziinunsouluadIuYee
madenusn M5 1 uansn1sinnisgaenim
oinsuazseAunesluideluden’ anwnsniFuns
Snunlelnedilidemausiaveseuluifiinund
fimnglumsinu fe asUSinaunsadna i
mstuoonveswerlinderdimadondu’ g
A 2 wansuneilidnwanzuenlnisludon
gudsunay  daznnenianinauleunay (acute
decompensation) lungulsasasgiFounnses 3
Gueiluguuuudandslisldmingluussmelne ns
Usmselulszmalvedaduluguuuuiuuseniu
Tgvunneilitusugaeitaveunmddidemy

N133ANTTNITUNNIBIY99RTETE TUTTETE1?

N153ANITANIBUNNIDIVBINITYTETHELE?
Tinguszasalunismivauszuuunueddy Joariu
Tsaunsndeu  wagtiteliannnisiadyiulnvess
theduund fmsufoacweluid

- Suusemuesdifnalnlunisidnvendsly
sUraslulasauuazduoanaInganie laua sodium
benzoate, sodium phenylacetate ey glycerol
phenylbutyrate (GPB) (UUAITUUTZNU LR
Tusngnedi 3)

NAULIANRTYTHUNNT

o v o

« PAnsTUUTEIUlUSAU (low-protein diet)

o SuUTEMULUSAULESH  arginine  Law/y1ee
citrulline (vunAgUUsEMIUY Fa31ait 3)

« SUUTEMURIMNSIESY 19U IMAULATLIT
fdndu

- Sulsgmunsneziludnduasuludvasun
318

« W3BUNITIANITNTONITINWIRNLAUTBY
oMsunsndeuiinniniy

wnawUUalun1ssnY UCDs

giillumssnw UCDs uisléidu 2 ngu Ao

1. nguenivihmthiiidalulasiau (nitrogen
scavengers)  eInguiinalnniseangvislaeduriv
a15Usznaululasiay  LagdueanaInseny  lawn
sodium benzoate, sodium phenylbutyrate
(prodrug) / sodium phenylacetate wag glycerol
phenylbutyrate (GPB)°

2. ﬂ&juﬁl’lﬁlﬁu deficient metabolites lawn
L-arginine, L-citrulline way carbamoylgluta-
mate®"
Sodium benzoate 82 sodium phenyl-
butyrate/sodium phenylacetate

Sodium phenylacetate %39 phenylbuty-
rate 10U prodrug Lﬁ@ﬁ'}gjﬁ'Nﬂ’laﬁwﬁUﬁU sluta-
mine @lulasululaseasa 2 evnew) Loy phe-
nylacetylglutamine (PAGN) warluvaisd sodium
benzoate FuiU glycine @lulasiaululaseasng 1
oznon) 180y hippurate Tngwunusladsna 2 vial
sggnituoonynadlaans duandlusud 3°

Tun135nwn UCDs SeegldguUnail 199119013
UIM581 sodium benzoate wag sodium pheny-
lacetate o nsEndnaendens (V bolus) 3
nsuIsegUuuuiinanlurnegs  viedinasli
%’lLLUU IV bolus #8952 31A71 A8 N Az ALY

glusienie Jaeznebiianuluiivle (Jaqiu
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szaunanladelu
189n (LmolL)

gUaen galulasunisidede

fuaedl lasunis3dededndy ucDs

AU ULNULAY

gendnveuuu

89AUnG

>100 wag <250°

250 - 500

500 - 1000

>1000

- ngan1suslaAlushy

« T glucose Anivanaldansilu
uafivanzay dWeteatunsiia
LALVUDATY :
(10 mg/kg/min lumsnusnifin,
8 mg/kg/min Tumisn wag
6 mg/kg/min SLuQ'I'J’JSJﬁI”ﬂ‘LJ)

+ insulin®

arinszaukenlideludennn 3
il

BUNNSSNWIAIY L-arginine uay
sodium benzoate AL UaDALEEA
M (A579% 2)

13UA35NYIRY carbamoylgluta-
mate, carnitine, vitamin 812’ biotin

(51971 2)

uinaidnuun
a a v Aa
wissunsvlendentudUeiiflonnis

encephalopathy wag/wieilszau

= A g A
woslanilgluFenguimivelusen
a, = 2 v o =
Buflomsuanad (wiui 1 v3e 2)

a = 9 =
Bunsendenmnszaunenludle

Tuidenldanas nelu 3-6 Falug

AufnaIinuuu
Bun1snantdenviui

Uz TT NI UURNIZIZA9

faliled M3BITUNIYUARUUUTEAY
SIFET N

- ngansuslaalushy

« % glucose nivasaldanaity
uafivanzan detesiunsiia
WALVUDATY :
(10 mg/kg/min lumsnusnifn,
8 mg/kg/min Tumnsn wag
6 mg/kg/min Iuéﬂ’aﬂﬁ;’ﬂﬂ) *

insulin®

aviaszaukenlideludennn 3
Flan

Shwsiamie L-arginine (I¥ide

) = . . o o
LUBY %989 + L-citrulline @11su
mitochondrial UCDs) Wag sodium
benzoate + sodium PBA/ pheny-
lacetateS (M5199 2), UYL
5o TU N iaanLEeAM

AsanliuramdanunusiAan

1Usfu (slucose polymer uag lipid
emulsions) 119818819 (NG tube)

o aa o’ =
YALIUNIUTILANDILEUY (10 g carbo-
hydrate 910 glucose polymer uag
4 g lipids = ~76 kcal/100 ml)

mufinanalinnuuy uslvienn

S1UNTNNVADALEDAR

= = v Sa
wisinsenidentugUienidents
encephalopathy wag/wieilszAu
= A g A =
worlanilelufonguiwizelusen
a, < o o =
Buflomsuanad (wiui 1 v3e 2)

a a o a
Sunsendenvnsesuwedluile
Tudenldanas angly 3-6 Falus

AuAna IR UL

a a 2
LSMﬂWiWBﬂLﬁ@ﬂI@EJL‘J’JVIq@

Usziliumsinwse vivelsun1sgua

wuuUsEAUUSEADY

« ngansIlUsAuuNufan 24 43l
- vanidesmsdeuiedesdudu
AVAYDINSIAALALVIUDETL

amzhmaludengaludunse

9819170 (hyperosmolarity)

mninngimaluFengs
JUUSINIUAUTEAULAAANGS (>3
mmol/L) landnsnslvinglaa

waztiian1slidugiu

wandeanshiasazanglalulnin

wulefeuuazlnuna@enlig e

v oa & sl o vy
auszaudianinsladfnnsiainla

AsanUinaledeniigulity
mniinsliien sodium benzoate
%39 sodium phenylbutyrate®
13144 L-arginine Tughe ARG1D

(Arginase-1 Deficiency)
fdanmavisUsensiunisly

sodium benzoate 'Iuélﬂla organic
acidurias (OAs)
nanideensusmsenluguuuuenda

FINAYATI

asinszaurleanludonnay
asuliludngdu Ineannsvae
yMA1sHenden

*\Hunaridmivdtheilildedlutimisnusnifia (nawidmsugiiemsnusnida fie seduuesluilluden >150 wag <250 umol/L)

. v o ¥ o - o Yoo wwe - e o
aavinszavtimaluden 30 WY uagnndalug niandUaelasu insulin Wesnnmsnusniiausnelseduyauun

@unsnlviansazane sodium benzoate war sodium phenylacetate Maviasadansi: 250 me/kg Antirasadonsl uu 90-120 w1l mueag 250 me/kg IV infusion

sawleauu 24 Tl Tawengnsnau sodium benzoate uaw sodium phenylacetate ugniignaanzifeulasesdnisermsuazen @l luanamelsudadueiioglu

nas Named Patient Basis usdivlsifidnmieludsendlne) Sausddiaiunssnumniig hyperammonemia @guniuay encephalopathy lugtefisiannuunnsoses

touledlunsaseise

1 g sodium benzoate tay sodium phenylbutyrate (PBA) Toiuiunalaifion winiu 7 uay 5.4 mmol auasu

(Hesnngalifigluvvendadmelulszmelne Isvhnmsvimseilugluuuiudsenm lnsvnneilduiugaefiiaveunmdgieusy)

0940
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NAULIANRTYTHUNNT

M19197 2 vneenldsnvneienlullsludengudeundu uaznnenianinadduunduy (acute

decompensation) Tungulsaeaseiseunnsos’

sunuUAMY
Aauna

Sodium benzoate

(wanenludnsazane 10%
glucose udal¥inavaen
1RenAn)

Sodium PBA/sodium
phenylacetate
(wanenluansazany 10%
glucose udalvinsvasn
1HanAN)

L-arginine hydrochloride

(wanenluansazans 10%
glucose udalvimsvasnidon
)

delaifizuuvvenida Imeludsemalng®

N-carbamylglutamate

(Wildanizguuuuensu
Ussmw/riumnaiue s
winlu)

Undiagnosed

Thvunaen 250 me/kg 3

Twunen 250 mg/kg

Tiuunmen 250 (@ 400) mg/

1981 100 mg/kg M98

patient® [Wvaealdenm U1l 90-  Aadrasnidendl Wi kg (1-2 mmol/kg) daiviaan (NG tube) nasantule 25-
120 Ul @AY mainte-  90-120 W7 AuAIY \Fonr U 90-120 Wil i1 62.5 me/kg NN 6 Gl
nance: 250-500 mg/kg/d®  maintenance: 250-500 #78 maintenance: 250 mg/

(nsglumdnunnan 20 kg mg/ke/de kg/d (1.2 mmol/kg/d)
Twwinen 5.5 ¢/m?/d)
NAGSD pafinanl s mufinanaliduuns Tvwimen 250 me/kg (1.2 sufinansbisuuy
mmol/kg) AnLimasniden
#1 UL 90-120 U MY
maintenance: 250 mg/kg/d
(1.2 mmol/kg/d)

CPS1D sufinanIb i aufinanab i sufinan b =

way OTCD

ASSD sufinaIb i audinanal i sufinanliEuun -

ASLD? paiinani s aufinanal s Tuwinen 200-400 me/ke =

(1-2 mmol/kg) Antdmaen
1@0RA1 WU 90-120 W Aw
§8 maintenance: 200-400
mg/ke/d (1-2 mmol/kg/d)

ARG1D" audinanliFuunc - wanideensldent -

HHH syn- sufinar s audinanab i Twunaen 250 me/kg (1.2 =

drome mmol/kg) Antiaanidon

f1 UL 90-120 U AN
maintenance: 250 mg/kg/d
(1.2 mmol/keg/d)

naewie:

ARG1D = arginase-1 deficiency; ASLD: arginosuccinic acid lyase deficiency; ASSD = arginosuccinic acid synthetase 1 deficiency;

CPS1D = carbamoyl phosphate synthetase 1 deficiency; HHH syndrome = hyperornithinemia-hyperammonemia-homocitrullinuria

NAGSD = N-acetyl glutamate synthetase deficiency; OTCD = ornithine transcarbamylase deficiency;
- annsasunmsinvlaglivuineniszyluniss widesdnsuiunbeulimngaumusgiuuenluie uagnsneviilulunanauvesdle
- Asl¥ien sodium benzoate uag sodium phenylbutyrate (PBA) /phenylacetate grunuiullunissnwamensaninasdeunduvas UCDs

- lunsdifanuguuselios FusnenasuAun1sNwIdaeen sodium benzoate uavannsalyien sodiumPBA/phenylacetate 3ausae winamzweslnieludengadnsioy

&
NIDHYA

T

- amzuanlundeludenguuaimgueanzatesuin Fsmsiiunsli NaCl Aldldansazanelalulnin wieanensiana uazarsiildeUSunalufeylugduitling

TanLionf

- mumm@ﬂ?jmfﬂ'afw sodium benzoate 12 g/d, sodium PBA 12 ¢/d l.ag L-arginine 12 ¢/d
“lughendalilasunsitads aansaldenfiszylunsesaniuinu waefiansannisaiuen camitine 100 mg/kg IV/d, hydroxycobalamin 1 mg IM/IV/d uag biotin 10

mg IV/PO/d

° sUnuunRiaUn ARGLD fanudssitlunisifianmisnganinasmnuesludeluideaguisundu
‘Wﬂsjﬂaaa@lu%mﬂamﬁamﬁwm%‘laﬂmLﬁw (hemodialysis/hemodiafiltration) Aasifisumeniu 350 mg/ke/d (maintenance dose)
4 Tugduuuanufiaund ASLD nsinwideen L-arginine enadfisanelunissnuinignianiinaadeundudmivgiisunese
(flosanslaiiguuuuendasmielulssmelne Saihmsuimsiluguuuuiudssnu lsnnaeildtuiunasitdvvesmmddifeay)

suall nngyaueasnsal
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M15197 3 vueensulsenulunssnyvingulsmaasgitsunniesssery’

Sunuu Sodium benzoate® Sodium PBA*®, or GPB L-arginine® (hydrochlo- L-citrulline® Carbamoyl-
AURaUNR ride and/or free base) glutamate®
NAGSD - - = = Yu1ng1 10-100
me/ke/d
CPS1D wunenlang 250 Yhonin <20 kg: vuwen it <20 ke: BunmAEN 100-200 mg/kg/d® -
me/kg/d> st 250 meg/kg/d> 100-200° mg/kg/d ¥30  WUIAEIGIEA 6
WIRgeEn 12 ¢/d 1wl >20 kg: YUIAEN 0.5-1 mmol/kg/d g/d
5 ¢/m’/d° Untin >20 kg: vuAE
YUWNENFER 12 ¢/d 2.5-6 ¢/m’/d
YUNYEEA 6 ¢/d
OTCD pafinanaliduun sudinailisuuy aufinanal i 100-200me/kg/d® -
YUIAYIGIER 6
g/d
ASSD pufinardlisuuy eufingnliduuy i <20 kg TuREN = -
100-300° mg/kg/d %39
0.5-1.5 mmol/kg/d
ot >20 kg: VUINEN
2.5-6 ¢/m*/d"
YUNYEEn 8 ¢/d
ASLD pufinardliduuy enufingnliduuy miin <20 kg: YUNYT - -
100-300° mg/kg/d %39
0.5-1.5 mmol/kg/d
Umtin >20 kg: vUIRLN
2.5-6 ¢/m’/d°
YUNYEER 8 ¢/d
ARG1D gufinanlisuuy awdindnliguu vianiasensldeni - -
HHH syndrome  aufinanalismuun aufinanalisuun i <20 kg: vumen 100-250 mg/ -
100-200" mg/kg/d kg/d"

it >20 kg: YUIAEN
2.5-6 ¢/m’/d
VUINYGER 6 g/d

YUINLIGIER 6
g/d

IR

ARG1D = arginase-1 deficiency; ASLD = arginosuccinic acid lyase deficiency; ASSD = arginosuccinic acid synthetase 1 deficiency;

CPS1D = carbamoyl phosphate synthetase 1 deficiency; HHH syndrome = hyperornithinemia-hyperammonemia-homocitrullinuria

NAGSD N-acetyl glutamate synthetase deﬁoency, OTCD = ornithine transcarbamy ase deficiency;
gmaAmsiUnsiulssmussnifuauidn e undeuiiooms LLaw“U’mJammimsmwmmmmLﬂululﬁ
ulvgfiansainen sodium phenylbutyrate (PBA) ﬁ]mﬂum‘vmLaaﬂwammmumﬁ'ﬂm UCDs luszezen wagaskisauiuen sodium benzo-
ate Tufftefisnudie sodium benzoate agaifielsiiiivsme
GPB (glycerol phenylbutyrate) ua sodium phenylbutyrate a@13n5al¥ phenylbutyrate T8lutinaiiviniu Gnandh 5%)
® asfinnsnTafinnnarinsyRuen benzoate/PBA wag arginine Tuwsi/manain
‘ﬁﬂwmﬁmﬁ?Lﬂuﬁaﬂ%wmmﬁq\ﬁ‘ﬁu (MNMsANwmesEIiNIseIMsLATILaMEgaREN Rnsanifisuune iy 450-600 me/ke/d
Tudnditdmintiesnin 20 ke wa 9.9-13.0 ¢/m?%/d luiiniilmiingnnnin 20 ke winJegunazive) mmﬁmwﬁwaaéﬁimw
¢ aignHudodlsion arginine Tuffineivinnisinwdeen citrulline
cfyitnen 100 mg 19%U3unas sodium benzoate WU 0.694 mmol, sodium PBA iU 0.537 mmol, esterified phenylbutyrate in GPB winfiu 0.566 mmol, arginine
hydrochloride ¥i1fU 0.475 mmol, arginine base Linfiu 0.574 mmol, citrulline Wiy 0.571 mmol wag carbamoylglutamate iU 0.532 mmol

a e

ammnnammﬂgumm
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NAULIANRTYTHUNNT

Ammonia

-

Glycine

l

Acid hippurique

=1

sUN
Y

|

NAGS Phenyl
acetate

NH,

Glutamine

Phenylacetylglutamine

cps )

3 nalnnsfdanenlullelagitniuden (alternative pathway) ¥as81lungy nitrogen scavengers

1AuA benzoate tag phenylacetate (AaLUANIINONATITO19E9%UIEAY 4)

galufigvuvvendadminglulsewmelng) 01013
v a A a D A A =~ P a
PafganinaIneIngull Ae Aauld a1leu a1
Inwadenludsnm  n1511AUSEIABUNEN1Y
UsganmouRAUNR ANUBEINDIMNSARAY NISSUSH
Wagy Indunie waznzdemdunsa (lnsanie
msligtturnegs) Judu Tuguuuvensusemu
sodium phenylbutyrate Wa¢ sodium benzoate
21991 IAANATIE Mucositis 138 gastritis Fea1U15a)
UI5LM19111509Na1LAgNIThUINISSUUTENIUY
I d' gj 1 (Y] v dy d{' %z’

gNTUFATINDTY  NIoULeD1MS  warAuulnnuly
YSuauunn®

ans@nsu sodium phenylbutyrate lagni

Y U
1NNAIUINAUTAVIR NI UsE ARy TS UUsEnIuene
Y ulAsUN5eRTRansF13UaN European Medi-
cines Agency (EMA) uanainil 8sin15ud1 sodium
phenylbutyrate uvilveglugluuvansusenau
wames ey glycerol phenylbutyrate (GPB) &9
Ay A oA = = P = ~
996 A luilowenlulassasne waziduveunand
Lifisawd 195un1seudann EMA wuriv®

Melivanenusauluglsy Genld sodium
benzoate WUy MIBEaNLsNIUNITEN®1 UCDs

suall nngyaueasnsal

svozem ilesaniideyanisliinenun vaensy
9 M3tafeen  wagsimgenen Felutiagiu
sodium benzoate Wifidmiheluviowan Ty
wuvenidedld Ao enhdulsemu fesndiede
M3usmsen  wasliwinendireudiswiugimung
funssnwgUaedn'” Tag sodium phenylbu-
tyrate  (PBA) 1ugimadeniidesdmnsunssnm
UCDs Tuszazen uazmslasunuen sodium ben-
zoate 1u;§ﬂ%8ﬁ§ﬂwﬁw sodium benzoate 9814
Wesldiieane®

n1sAassugIsuYseny sodium benzo-
ate 100 mg/mL (10% W/V) 120 mL

Sodium benzoate Jundefiiinan ben-
zoic acid fsuiulmiey avanelaly  ethanol,
methanol, ethylene glycol LLazﬂfﬂ (GRRFGRFRERIM!
nsaganeuuvinfy 550 — 630 /L figuund 20°)
fifn pH 7.5 ieududundsazaneiviniu 10 o/
negndlsavfuniaziAy’  InsAnwANAIRITes
a1sazany 10% sodium benzoate TASENINNAA
sodium benzoate Way sterile water WU Was

avaeleansazarelalduiloendu  danuasdn
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mueiiuazmenn  iulugaumgliviesasgumngl

523°C Tuanmedostunadldu 30 Juifuainiui
W

1390810783705 UA  NARITUUTENIUY
sodium benzoate 100 mg/mL lAgN1SHUIUTTY
sodium benzoate 12 g Tuguwuunawina asluwin
wanaAnnieurUnatin vu1aussy 120 mL 3514 Ae
mauﬁwé}’uqﬂﬁﬁuué’aLﬁav‘hmiazmam wazUsu
Ysuaslanslinuondsnnms 120 mL wewanauls
Juansavaneladlodionty  anngmsiivinwen
waliaaansaLiuiigumgiies  engenewiinig
azanewiniu 180 Ju wazongemdawan 30 Ju 7
anngmaiiu 2-8°C

L-arginine wag L-citrulline

1n1397891ud3UTEan5nImn195n1 UCDs
Tutheidin eguindn 30 funazannnin 12 9 4
agﬂumaz hyperammonemic  crisis  lagn1shin
sodium benzoate 37uAU81 phenylacetate Way
arginine WuUdnNIIN155RATIN gedlaSevar 98 waw
99 muawiu KUy UCDs nnwiln (8ni3u ARG1D)
fiszdu arginine Tuidons dwansydulisrsne
dinnsaanelusiu  eswinisasmsdesaans/nis
Fuasiwignsunau Ml arginine Tuftheimanil
Fallihumnediosianszuiunisaanelusiiu Fadu
Tadeduasulvisyivgsuanauguiy’

L-arginine Wag L-citrulline (esmedulunis
4519 arginine)  dadunsmezdlusnduiildlunng
$hw1 UCDs ynvila (8n13u ARG1D) lnedlitdvang
ieriunstueenveuenluifeninunesegde Tug-
28 UCDs fiflauinunfikuy ASLD wag ASSD 113
i arginine vl¥easesuanusandn  omithine
uazanaudlunsiinnnzueslindeludengald
;ﬁﬂwmjuﬁ%ﬁﬂfﬁsﬁ’uaaﬂmaq argininosuccinate

way citrulline  vatlaany  Fededunisnide

lulpsiaueenainsumednguuuunis  Tufte
UCDs fiflanaiian@uy NAGSD, CPS1D, OTCD
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wag HHH syndrome @nansalyt L-citrulline unu
L-arginine ¢ wsdelafin1sAnuiianalse@nsnim
Wlsuieuiusswineee 2 wdiad (L-arcinine 9
Hudevaldlu ARGID iesananufiaun@suiuy
iifisedu arginine Tuidontigsogud)’

YULTIINITINE) AIIATIVIATEAU arginine Tu
Wonvewthennsy  laggUiemsiisgsuninuidy
Tuved arginine luidanvurenams agluyie 70
- 120 pmol/L°

n1sAasIsugIsuYsEnY arginine hydro-
chloride 100 mg/mL (10% W/V) 120 mL

L- arginine %50 L- arginine HCl Qfﬁfﬁumﬁ
$hw1 UCDs vanuuidsunduuazszezen el
mnendnifielisnanieldsu L arginine TuuSunasi
Wissweronsiadyiule wazfiarfiunisdussnues
deluguuuuvedlulasiaueanaingrang'

159NEIU1aTINBUR  WARENSUUTZYIU argi-
nine hydrochloride 100 mg/mL lAgKUIUTI
L-arginine hydrochloride 12 ¢ IuEULLU‘UNQLLﬁQ
awanaainnseudUnain vu1AUsIY 120 mL
W fo wanhdugnilduuduiovhnsazaieen
wazUsuUsumslvislnuanusunng 120 mlL e
wavauldfumsarandladiofonty  fvunoigus
g1nouInIsaratewiiy 180 Ju flanmznisifiv
Snwionmgiivies wavengemdawan 14 Yu fian1az
MLy 2-8°C ddanudoyaundusniuvesszime
A135843301 (The United States Pharmacopoeia
USP General Chapters <795> Pharmaceutical
Compounding — Nonsterile Preparations)*” Ul Uy
grifeldlunssnu fio ersutsenu wiiilesann
L- arginine Juansifisawn mswangasiiud
navsavAlifisUsrasdvosenldazifivdseansam
Tumsinwegnaiifoddyy osnfthoansadu
Usgmuenldnsamaununsinwmniut

N-carbamoyl-L-glutamate (carglumic acid

%38 carbamoylglutamate)
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N-carbamoyl-L-glutamate f@ deacylase-
resistant NAG analogue Lﬂuawﬁﬁau%’maww
19129370 UCDs wtim NAGSD lnsdinalnnisoen
gvdwdioutu NAG o awnsonsedumsieny
voaeuledl CPS1 lwiaseSelivinaudnd auius
Hanusailldlumsiteadousniinves UCDs Tu
msnifsziunenlndsludengauuulingang
wimsltegesrdnseds EMA aud@ld N-carba-
UCDs
#in NAGSD wazn1az hyperammonernia 7iAn

moyl-L-glutamate  1Juefildlun1ssnu
NL5ANIIUGNTIU  organic acidurias  Yzlld
Lufissanumiutaseds  eeonshuiisUszasa
lussezgniveseiningn  wildeyanisidluruin
(Chi-

nese restaurant syndrome)6 u%ammmﬁwgsa

geivhlninemsaaelsndnninsa

flonsuans fe Uandswe Jadeu wiessn Uin
Wos auiiy  veemsuimenitedetuldinmls
(angioedema) #&93MNTUUTENIU  monosodium
glutamate (MSG)"®

Carnitine

AUie UCDs UNT18819iAn13e  camitine
deficiency 21nN15311ADIMTTIWINTUIAU WagnIs
Suusenuenlungy nitrogen scavengers {losan
armejmfam'ﬁaé’uﬁ’u carnitine  wayduaonNIg
Haaneld Foy Tusswienistnungitaoanslésy
M39519380U carnitine Twdonogidulszdn’ waz
MINNUAILYIAANTITIUTULSS  awnsayiinissny
InesuUsznIU carnitine 25-50 mg/kg/day"”’

L-Carnitine  finatisuntasanosainniiy
hyperammonemia lagg1@1150%uH1ULY blood
brain barrier Weangiifsatesiunismelasesiu
wadlululvaeueie  fitunouufisen pyruvate
oxidation, Krebs cycle wag n1svineuveioulesd
glutamate dehydrogenase ?jal,fluafwaiﬁszﬁu
wonlufieludonanas®

n1sAaIsuEIsUYsENIY carnitine syrup

NAULIANRTYTHUNNT

100 mg/mL (10% W/V) 60 mL

159NE1U1831U5UR WaRTUUTENIY carni-
tine syrup 100 mg/mL laguiaussy L-camitine 6 g
Tugduvurawis  adluriananaindwimiousrUn
aln wAusT 60 mL davagfuthnsyaneendild
Tunnsazansen i USP syrup 85% W/ 60 mL fi%
W1514UY (paraben) vuhiiuanstiuds 3319 fe
whnsyaneeU3nms 60 mL asluv A NUTIINIEN
Yo wazvhmswewanauduiodeatu annae
mMsifiusnuiginsutsaunsaiuiigumgiines
AvueegeIneuyMsazaewiny 180 U uay
DIy MA KA TEaEAyY 30 Yu flanms
nsifiu 2-8°C'®

n153An1sAIUlaYLING
nsdansularuIn1svesyUls UCDs WUy
deundu Ao nsvealilusfudngsisnediedu
nan 24-68 $lus udandusnlsnafudiotoeiu
nsaanesavedusiunelusinie  wenand
mstiiunsTanstin 10-30% dextrose way 20% fat
emulsion tefiundanulyifiae uazdeafuane
uAunUeATTaztAeanly  nsdifgUasanusn
Sudsznuld uallonniseduld endeu awnsaldien
AU MIULUNITUTINIBINITAINGTT  LazhULL
e sudsemulusiueasunsine laun L-argi-
nine %38 Lcitrulline LiioduaSunssuIunsiaum-
vadgalusranelimdudni®

n1sWanla (Dialysis)

MIINYINIE  hyperammonemia coma
(ammonia > 250 pmol/L) afemsiasugvifiuves
2 Y338 Ao N5l sodium benzoate (+ phenyl-
acetate) FAUNIIWONLEDA WU NITWONLADA
wenANAWalUIeMI8NNIE  encephalopa-
thy i dsaunsadesiunnizaussviuuaznisids

Fala*
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msWendensienediaiiey  (hemodialy-
sis; HD) w30 nsthdanaunulawuuseiios (con-
tinuous venovenous hemofiltration; CVWH) 2@
Humssnwimadenusnlugiedluafifinnznge
vifnaudouwdu 1lesngihedlngilenialia
amzanuiilunzlnanfsueas  wazaussuligo
mlwfin - SemsSufinsanmsnenidendiosyiu
wanluflgluldonuinnin 200 umol/L aelanns
#1310 INTAENTNUR VR waAI9SY
mMssnwsiuiidiessausenludsludenunnin 500
umol/L°
AMgUNsSNYauLarnistuaisulainueanisn
dawalniswendenseniosladieudiuszansam
lunsidanenluiisanas  nisenidemdudig
(intermittent HD) azanunsawfiudszansnmuas
anuvasadslunssnwls  nsuntanaunulaae
78 continuous veno-venous hemodialysis (CVVHD)
%38 continuous veno-venous hemodia—filtration
(CVVHDF)

Ve Lesaniusyansnmmanweuluilung1ene

ﬁﬂLﬂUﬂﬂi%JﬂHﬂ/l'NLa‘aﬂLLiﬂIu%’lﬁﬂLL'ﬁﬂ

dos wazflhovudemsnwléd Bunissnwviud
dlosysunenludeludenunnnii 500 umol/L?

nsanslanieesviag (peritoneal dialysis; PD)
Guisiiisvavsnmtdesninunn - aaslddatiany
Tunsdifildanunsayi hemodialysis wazlyianuse
\ndeudnegUasludianiuneiuiaiiannamieals
o Yo

m’a“LJQﬂdﬁEJﬁU (Liver transplantation)
nsUgnanefuAelsnmssnudugavedmiy
AUy UCDs (ent3u NAGSD) laefiansaiamizs-
thefifnsndududmanendmwonny  hyperam-
monemia 3eRerosinw  laTEHAmnoud
seuuUsramuesiievslasuanudsmenids 4
o1gmnzaslunsugnanesiu Ae 3-12 1feu Ll
astlumsniifiongind 3 euvdeihiwiintoy
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i1 5 Alansu msgildnsnssentinduazian
doagalunsiinnmzunsndou  ans1enuszyin
AUy UCDs 91uau 51 519 vimsshdiaugnangsdiv
wdldkadnsuarannm@infisiu  lidesifnnig
FUUsEMUeMSWIREINGY scavenging agents 8N
RIS

aanualinislsamenlulszindlng

IMNUANITUTEYUAMLATIUNTUANUTEAU
qun ke (afefl 10/2562 Fuil 10 gaaw 2562)
lafinswiugeu  TilinsandunisuinisquadUae
Tsamennidunisians sausduuszana 2563 Tng
Gulungalsafifimnuinundvesansluanaidn (dis-
orders of small molecules) 911U 24 1A 140
szuvdasiesiiawiteid1iunisnuluguelsam
810 911U 7 Wit daalranglunisiiusnisnienis
wnddmsulsamenn [Juaiflade nsnsaabiudu
NMINWINEIVIE  ASAAAINNANITSNE  LazA)
wnugSudwiadanduluddlsmeuia (el §-
Ulguen) n3eyuvu

UCDs  dneglungailsaiidianuiaunfvesans
Twanaidn oflulsemadnivy fo msdians
mﬁmv‘hLﬂuwﬁmﬁmsﬁmgﬂLLUU%’Umeuwhﬁ?u
lauA sodium benzoate 100 mg/mL 120 mL, argi-
nine hydrochloride 100 mg/mL 120 mL &g car-
nitine syrup 100 mg/mL 60 mL %#39in15UL01E1
UMWY LU Carbaglu® (carglumic acid) ﬁgﬂ
Junzfoudusnimilulssmelnends  (Uszne
ANEUNNUANZNTTUNITO I TUAZEIUYTTIUNTT

[ 1

gtmE wa. 2561) Maninsdienunemenisfivae
i gelaifimandn 1t viesmineludsuna s
drinaumanusziuguamuiend (aday.) sy
fUszanufuosdnisindunssy  Lendnuaziavien
Tumsinwlsemenn 24 1sa wagdszanudinau
ANENIINNTEMSHALEN (88) Lilesudiunsdu

wApuFBMNEkazeT 2.2 eg1dussuuaiug
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fusialy

unasy

nssnwlaeidniaden (alternative path-
way therapy) @usaldsnwgUae UCDs wiluszes
Deundulazszere  laen1sviginay  nitrogen
scavengers waglasulushiu L- arginine %39 L-car-
nitine a¢l¥iBnsifismdesiuiu Tusgiudnue
Anuunnsesvesouldludiewiarau Tudiuves
hyperammonemic  crisis annsniin1ssnwlag
M3l sodium benzoate/sodium  phenylace-
tate $3ufun sl arginine Mavaendendl @9

Uszimnalnedalififmelugduuuendn  39ins

UImsetugdiuuiudssnu legvuinenlgiu

funaeilavewnmdgliedry nssnwlagianig
LHNUABIYINTINAUNITINNITAULATUING @150
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1. wsanssn dud.  LsAiugnssuuunuedn  (Inherited
metabolic disorders). lu: find Ser@, Winousd 3-
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NAULIANRTYTHUNNT

anANuauTie waznsidedialease wedadlvewde
A9 N15bASUNAUTUINTEIINNTI N Inetanigly
AUIENISNUAZIANTITTULLLLNUBATUMTBN15193 8y

Wulnveasnaneiinisilasundasiuniazdnede @

a

NafanITITUAUSUIUEATEasUluwAazAsY an
MadafiusganSnnannatunisdeesdunisiinniig

¥
(VY]

hyperammonemia  A4UY ﬂiﬂjﬁﬂ’sﬁlﬁgﬁlﬁiamﬁ
$nw1 mstgnanesiudaidunisinudnituileiians
finsanluguaofidanugussuuiunueadulelis
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Uinwnazdadulasanduludiuunndfidervg
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91MNINT08INGN scavenging agents dnsialy
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