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Abstract

Background: Since the transition to a new antiretroviral therapy (ART) regimen, a dolutegravir
(DTG)-based regimen, there has been a significant increase in the incidence of renal injury compared
to the previous regimen. However, the factors associated with this increase in renal injury remain
unknown.

Objectives: This study aimed to investigate the factors associated with renal injury and the
rate of renal recovery following renal injury.

Method: This retrospective cohort study included patients receiving ART at an HIV clinic in
Sisaket Hospital from April to September 2022. Demographic data, ART regimens, and laboratory
data were collected from an electronic database. Binary logistic regression was employed to iden-
tify factors associated with acute kidney injury or proximal renal tubulopathy occurring within 12
months. A descriptive analysis was used to determine renal recovery within 6 months after the
presentation of renal injury.

Results: A total of 300 patients receiving ART were included in this study, with an average age
of 43.64+10.59 years. The majority of patients (60.33%) received the TDF+DTG regimen. The signi—
ficant factors affecting renal injury included the ART regimens, with the TDF+DTG-based regimen
showing an adjusted odds ratio of 18.45 (95%Cl: 2.32-146.77), and the DTG-based regimen showing
an adjusted odds ratio of 14.59 (95%Cl: 1.44-148.33) compared to non-TDF+DTG-based regimens.
Additionally, a body mass index (BMI) of <18.5 kg/m? demonstrated an adjusted odds ratio of 3.53
(95%Cl: 1.19-10.50) compared to a BMI >23 kg/m? Among 43 patients with renal injury, only 9.30%
experienced complete renal recovery. Among the 38 patients who received the TDF+DTG-based
regimen, only 5.26% achieved complete renal recovery.

Conclusion: The TDF+DTG-based regimen, DTG-based regimen, and a BMI of <18.5 k¢/m?
were significantly associated with renal injury. Furthermore, the proportion of patients achieving

complete renal recovery was notably low.

Keywords: renal injury; renal recovery; HIV; TLD
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gnseniweyled e o1 AyHIang dnsInIs
nseswedln szau CD4 nsiilsasiu (saluminu lsa
anusiladings lsalusuludengs) nislesueniidna
foN15NUTReln (ACES, ARBs) wagUseinnisiasu
TDF snrewdnsds wuhdanduussansiiesdu
0.003 fi4 0.575 lufifnusdasylatinudunusige-

a s
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chi-square 984 Step Block Model fiAtvinu winfiu
50.00, p-value <0.001 lpgaunIsaIuIsnesuIuKa
flsnulasesay 25.00 wazaNTIUIENaTDY
muUslagneesiesay 83.70

Hadefidamasonisidnnisuimduiilaegsd
fodfynaadn 1iun grserduerled eifieu-
fumslderdulevignsiilasl TOF+DTG udiu-
Usznau n1sld TDF+DTG-based regimen dnams
mMsvnduiilaldunnninda 18.45 wi (95%CI: 2.32-
146.77) uagn151% DTG-based regimen Anasons
uaduitln 14.59 i1 (95%C: 1.44-148.33) Tuvnigii
N5l TDF-based regimen felaiduiusiunisuin-
uitle wazdeifisuduiifdviananie >23 ke/m?
nausegsiififuiiinanie <18.50 ke/m? filenna
Aansuimduiilaldunnndt 3.53 wih (95%Ck: 1.19-
10.50) Tuwaufi{idduidananis 18.50-22.99 kg/
m? lallgditusiunmsiansuaduiilaiiuiu daw
Hodedu 9 loud we sedunsiauvedlaBudy
919 seU CD4 Msiilsnsam msldenlsauszded
Hnadansiauredlasiume  wazdszianislasu
TOF wineu llanunsanernsainmsianisuindud
Tolg Sanandlumsed 2

3, Msvlufanduvadlavdsanianisunau

nsusanduveslandauinnisuinduly 6
\hou aﬂmmflgmm 43 578 \Ju complete recovery
4 579 (5owag 9.30) partial recovery 9 518 (5o8-
a¥ 20.93) WAy no recovery 30 18 (398a% 69.77)
Tnewuiily TDF+DTG-based regimen Wun1sHusn
nauaLysaliies 2 519 (Geway 5.26) lungu DTG-
based regimen Anau 3 518 1Tu complete recov-
ery 1 918 (Sasar 33.33) Tuvaigdl TDF-based regi-
men fanx 1 518 Wy no recovery ﬁQLLaﬂﬂugﬂﬁ 1

A30lNE
INMITIUTINTRYAERAT BT e INTUE1N
addngUreuenvisvun 300 518 Wunquilldsu TOF
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Wudiulsenauravue 244 18 LAaNIsUIRLEULe
51 518 (Sway 20.90) FelndAgsnuNISANEINBUY
¥ a{' <@ dl 1 q' Yo %
whainunsuinduilaanngunlasu TOF Sevas
19.30-26.60% wazn153asidmunisuiniuilanain
nAuTlATU DTG-based regimen 4 518 (Sogay 23.53)
wagnuannTulungunlansue TOF+DTG-based re-
gimen 50 518 (508ay 27.47) @0AARRINUNISANY

M15199 1 ToyannanuvuznauAIENs

Yadeiiduiusronisuiniuilaludfeeloyle?
nldsueduetlegnsnig 9

99 Lu L uazAne’ wudmdaninniunisanas
Y99 GFR unnnifesar 30 anelu 48 dUavi Tungy
#l#%u DTG-based regimen lAnsesay 13.1 uay
wusnntulunguillésu TOF+DTG-based regimen
\An¥esas 433 Tasunansnsanngy TDF-based regi-
men 9YNLTYERYN19ERA (p-value <0.001) 9%
ilsindledtaelésu DTG $amfugnsnissnudy

o &

AuANUFIU QGRLELERN vl Livaduitla  p-value
(n=300) (n=56) (n=244)
gosewnueyled; S (Seeas) <0.001*
No TDF+DTG-based regimen 40 (13.33) 1(0.33) 39 (13.00)
TDF+DTG-based regimen 181 (60.33) 50 (16.67) 131 (43.67)
TDF-based regimen 62 (20.67) 1(0.33) 61 (20.33)
DTG-based regimen 17 (5.67) 4(1.33) 13 (4.33)

WAt 91U (Seay) 0.740*
U618 172 (57.33) 31 (10.33) 141 (47.00)

‘V@ﬂ 128 (42.67) 25 (8.33) 103 (34.33)

EJ”IEJqLaalfJ, Y (S.D.) 43.64 (10.59) 46.00 (1.03) 43.07 (10.70) 0.239**

5ﬁliﬂﬂﬂiﬂ'§@\‘l‘ua<ﬂmﬁgﬁl; 101.65 (16.41) 97.84 (17.58) 102.53 (16.04) 0.111**

mU/min/1.73m” (S.D.)

F5ursioffiuade; me/dl (S.D.) 0.82 (0.19) 0.84 (0.19) 0.81 (0.19) 0.633**

Fyinaniewade; ke/m? (5.D.) 21.76 (3.68) 21.81 (4.52) 21.75 (3.46) 0.532%*

586U CD4 1de; cells/mm?(S.D.) 499.40 (252.44) 54573 (230.13)  488.77 (256.55)  0.523*

lsaUszadTn; 31uu (Gevay) 0.373*
Alsasiu 77 (25.67) 17 (5.67) 60 (20.00)

Laifilsmgau 223 (74.33) 39 (13.00) 184 (61.33)

%81 ACEs/ARBs 57%; 31u3u (Soway) 0.619*%
fnslaisau 27 (9.00) 6 (2.00) 21 (7.00)

Taiginsladou 273 (91.00) 50 (16.67) 223 (74.33)

AskAsu TDF wnfnew; 3uu (Gaeay) 0.433*
lmelasu 143 (47.67) 27 (9.00) 116 (36.87)
welasunnnouls <2 U 36 (12.00) 4 (1.33) 32 (10.30)
welasuinnou >2 U 121 (40.33) 25 (8.33) 96 (32.00)

*Pearson’s chi-squared test

**independent t-test
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A5199 2 NSNAEBUDANRYLANARNALUUAILUSNIVDIFILUTDATEN 9 AaukUs

Uadudunus B S.E. df Sig Exp(B) 95%Cl
gusednuieyled

TDF+DTG-based regimen 2.915 1.058 1 0.006 18.454 2.320-146.766

TDF-based regimen -0.311 1.474 1 0.833 0.733 0.041-13.167

DTG-based regimen 2.680 1.183 1 0.024 14588 1.435-148.334
LAY 0.127 0.362 1 0.726 0.881 0.433-1.791
918 0.000 0.022 1 1.000 1.000 0.958-1.043
m31NINT0IVRIlA -0.012 0.013 1 0.380 0.988 0.963-1.014
futlinaniy

<18.50 kg/m? 1.276 0.556 1 0.023 3,532 1.188-10.501

18.50-22.99 kg/m? 0.433 0.383 1 0.322 1.466 0.688-3.121
s¥AU CD4

<200 cells/mm’ 1.034 0.837 1 0.217 2.813 0.545-14.514

200-500 cells/mm? 1.276 0.818 1 0.119 3,584 0.721-17.811
Hlsauszandsm 0.160 0.453 1 0.723 1.174 0.480-2.853
14 ACEs, ARBs 31 -0.189 0.605 1 0.755 0.828 0.253-2.710
A15MASU TDF wnnau

<2 -0.285 0.652 1 0.662 0.752 0.209-2.700

>2 1 -0.002 0.374 1 0.995 0.998 0.480-2.076

Step, Block, Model Chi-square = 50.00, p-value = <0.001
-2 Log likelihood = 238.81, Nagelkerke R square = 0.25

Percentage correct = 83.70
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Abstract

Background: Drug allergies can range in severity from mild reactions to fatal outcomes. Medi-
cal personnel often lack access to a patient’s drug allergy history, or patients may provide incom-
plete information. This leads to repeated drug allergy incidents, hindering appropriate treatment.
Designing a drug allergy prevention system by linking cross-hospital online drug allergy data may
help mitigate these issues.

Objective: To compare the number of patients with repeated drug allergies admitted to
Pattani Hospital before and after the implementation of a cross-hospital drug allergy prevention
system that links online drug allergy data.

Method: It was an interrupted time before and after design intervention study in Pattani
Hospital before and after using the online drug allergy program. Data were collected over two pe—
riodss: five years prior to program implementation (October 1, 2012, to September 30, 2017) and five
years post-implementation (October 1, 2017, to September 30, 2022). Data included repeated drug
allergy patients admitted as both outpatients and inpatients. The mean difference in the number
of repeated drug allergy cases per year was analyzed using linear regression statistics.

Results: The mean number of repeated drug allergy patients after implementing the program
decreased by 1.85 cases per year (95%Cl: -3.55, -1.54), which was statistically significant (p-value <
0.05). Before the implementation, the mean number of cases was 5.60 per year (95%Cl: 4.56, 6.64);
afterward, it dropped to 3.75 cases per year (95%Cl: 2.41, 5.10). For patients who received drugs
from Pattani Hospital, the incidence of repeated drug allergies decreased by 2.08 cases per year
(95%Cl: -4.05, -0.12), also with statistical significance (p-value < 0.05). However, there was no signi—
ficant difference for patients receiving drugs from other hospitals.

Conclusion: The drug allergy program linking online systems has effectively reduced the num-
ber of repeated drug allergy patients receiving treatment in the hospital. For patients receiving drugs
from other hospitals, it is essential to implement preventive measures based on pharmaceutical
professional standards, including thorough drug allergy histories and checks against allergic drug

lists before prescribing.

Keywords: drug allergy; adverse drug reaction; drug allergy program; repeated drug allergy
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Abstract

Background: Screening and analyzing prescriptions after medication preparation, during me—
dication checks before dispensing, and while dispensing can identify medication problems. However,
these processes can lead to delays and may be incomplete. Therefore, we developed a system to
screen prescriptions as the first step before drug preparation.

Objective: To study the results of prescription screening and analysis before drug preparation
and to compare prescribing errors encountered before and after the development of the prescrip-
tion screening and analysis system.

Methods: A descriptive study was conducted by collecting data on prescription errors from
internal medicine outpatients in fiscal year 2023 (after the development of the prescription scree—
ning and analysis system) and comparing it with errors in fiscal year 2022 (before the development
of the system).

Results: In fiscal year 2023, pharmacists screened and analyzed 20,374 prescription orders
for internal medicine outpatients in the process before drug preparation, identifying prescription
errors at a rate of 32.10 errors per thousand prescriptions (654 errors). This increased from fiscal
year 2022, which recorded prescription errors at a rate of 9.92 errors per thousand prescriptions
(240 errors). The top five prescription errors included repeated prescriptions from other physicians,
outdated drug history retrieval, incomplete prescription drug lists, prescribing the wrong medication,
and prescribing incorrect dosages.

Conclusion: Prescription screening and analysis for internal medicine outpatients before drug
preparation enabled pharmacists to identify more prescription errors. This process ensured that
patients received accurate, appropriate, and safe medications while reducing waiting times for dis-

cussions about prescribing issues with physicians.

Keywords: medication screening and analysis; prescription screening and analysis; prescription error
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Abstract

Background: Thailand is transitioning into an aged society, and many elderly individuals
suffer from multiple chronic diseases and use several medications, which increases the risk of
inappropriate prescriptions. The STOPP/START criteria are used to screen medication prescriptions
for elderly patients. To enhance the efficiency of screening, an electronic prescription screening
program based on the STOPP/START criteria was developed to assist pharmacists in identifying
inappropriate prescriptions.

Objective: To study the effect of an electronic prescription screening program on reducing
inappropriate medication prescriptions for elderly outpatients (265 years) at Phatthalung Hospital.

Method: A quasi-experimental design was used in this study. The sample included 12,000
elderly patients with at least one chronic disease and who were prescribed at least one medica-
tion. The sample was divided into a control group of 6,000 patients, with data collected between
October 1, 2023, and November 30, 2023, and an experimental group of 6,000 patients, with data
collected between August 1, 2024, and September 30, 2024. Data were collected from electronic
medical records and analyzed using descriptive and inferential statistics, including the Mann-Whit-
ney U test, chi-square test, and Fisher’s exact test.

Results: The control group consisted of 42.55% males and 57.45% females, while the experi-
mental group had 43.78% males and 56.22% females. The majority of patients in both groups were
aged between 65 and 69 years. The median number of medications prescribed was four. Common
chronic conditions included hyperlipidemia, followed by hypertension, diabetes, and chronic kidney
disease. After the development of the electronic prescription screening program, the overall inap-
propriate prescription rate decreased from 21.32% to 16.00% (p-value<0.001). Specifically, poten-
tially inappropriate medications (PIMs) decreased from 7.87% to 5.85% (p-value<0.001), and poten-
tial prescribing omissions (PPOs) decreased from 15.93% to 11.32% (p-value<0.001). The proportion
of inappropriate prescribing based on the six STOPP criteria and five START criteria also significantly

decreased.
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Conclusion: The developed electronic prescription screening program significantly reduced

inappropriate prescribing in elderly patients, ensuring that they received medications suited to their

conditions and diseases. This innovation effectively improved treatment quality and medication

safety for elderly patients.

Keywords: STOPP/START criteria; electronic prescription screening program; inappropriate prescrip-

tions
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COPD
STOPP_H1 n15lY COX-1, NSAIDs Tugiiuse i@ 24 (0.40) 2(0.03) 18.656 < 0.001
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Abstract

Background: Chaloem Phra Kiat Hospital has established a warfarin clinic since 2012, but
it was still found that the proportion of patients within the target range of the average INR value
was still below the target level (less than 70 percent), leading to the idea of improving the warfarin
patient care system.

Objectives: To evaluate the impact of a pharmacist-led telephone follow-up on controlling
INR levels within the target range and the knowledge score of patients receiving warfarin therapy.
This was done by comparing those who received both telephone-based follow-up and pharmaceu-
tical care with those who received pharmaceutical care alone.

Method: A quasi-experimental study with a controlled group was conducted from January 1
to July 31, 2024. Data were analyzed using descriptive statistics, chi-square tests, and Mann-Whit-
ney U tests.

Result: A total of 33 patients in the group receiving pharmacist-led telephone follow-up com-
bined with pharmaceutical care and 32 patients in the group receiving pharmaceutical care alone
remained in the study. The percentage of patients whose INR levels were within the target range
was significantly higher in the telephone follow-up group (85.57%, mean rank = 41.36) compared to
the pharmaceutical care alone group (61.78%, mean rank = 24.38) (p-value<0.001). The knowledge
level of the group receiving telephone follow-up was significantly higher than that of the group
receiving pharmaceutical care alone. Out of a total score of 18, the mean knowledge score was
17.18 (mean rank = 44.11) for the telephone follow-up group and 14.88 (mean rank = 21.55) for the
pharmaceutical care group, with a statistically significant difference (p-value<0.001).

Conclusion: The pharmacist-led telephone follow-up combined with pharmaceutical care
resulted in patients maintaining their INR levels within the target range more effectively than those

receiving pharmaceutical care alone.

Keywords: warfarin patients; telephone follow-up; pharmaceutical care
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Abstract

Background: Diabetes mellitus is recognized as a significant public health problem world-
wide. Advances in telecommunication technology have led to the development of telepharmacy
services to monitor and resolve about drug-related problems in patients.

Objective: To study the effect of telepharmacy on clinical outcomes (HbA1C), knowledge of
medication usage, medication adherence, and drug-related problems in patients with type Il dia-
betes mellitus.

Methods: The study was a quasi-experimental research conducted with 45 patients with type
Il diabetes mellitus at Srisangwan Hospital, Mae Hong Son Province. Data collection was under-
taken from July to December 2023. The study instruments included a questionnaire comprising data
related to personal information, a knowledge test on the use of medication, a medication adhe-
rence assessment form, and a record of medical history and drug-related problems. Data analysis
was performed using descriptive statistics and a paired sample t-test.

Results: The results before and after the delivery of telepharmacy revealed the following:
The mean ¢lycated hemoglobin (HbA1C) levels were 9.44+1.95 and 8.64+1.56, indicating a statisti-
cally significant decrease (p-value<0.001). The mean scores for knowledge of medication (20 points)
were 14.95+2.05 and 18.00+1.16, showing a statistically significant increase (p-value<0.001). The
mean scores of medication adherence (8 points) were 6.43+1.56 and 6.70+1.27, demonstrating an
increase, but with no significant difference. In terms of drug-related problems, the most common
issues were related to the effectiveness of drug treatment (81.5%) and adverse drug reactions
(16.7%). The causes of problems were as follows: 37.9% forgot to take medicine or stopped taking
medicine or reduced the dosage on their own, 24.2% lacked dietary control, and 12.2% had inap-
propriate timing or dosing intervals.

Conclusion: The results of providing telepharmacy to patients with type Il diabetes mellitus
showed that patients’ knowledge of medication usage increased, and drug-related problems were
resolved, which resulted in a decrease in HbA1C levels. However, the HbAIC level did not reach

the target level.

Keywords: telepharmacy; type Il diabetes mellitus
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Abstract

Background: Warfarin is an anticoagulant with a narrow therapeutic index. The criteria used
to indicate the quality of the anticoagulant care system in patients receiving warfarin during the
continuous phase are based on the percentage of time the international normalized ratio (INR) is
within the therapeutic target range (TTR).

Objectives: The study aimed to compare the mean TIR, the number of patients whose
INR was controlled, bleeding, thromboembolism, and drug-related problems before and after the
development of a pharmaceutical care model in the Warfarin Clinic at Bangplama Hospital.

Methods: A quasi-experimental study was conducted on outpatients treated with warfarin at
the Warfarin Clinic. A total of 111 patients were measured before and after the development of the
pharmaceutical care system (one-group pre-post test design). The warfarin handbooks for patients
were distributed along with a daily medication calendar. Data were collected from January 2024 to
June 2024, and the data were analyzed using descriptive statistics such as percentage, mean, and
standard deviation, and inferential statistics such as the McNemar test and Wilcoxon signed-rank
test at a 0.05 significance level.

Results: After the development of the pharmaceutical care model, patients who received war-
farin had a higher TTR, which increased from 62.35% to 69.58% statistical significant (p-value<0.05).
Bleeding decreased from 3.60% to 0%, but no statistical significance was found (p-value>0.05).
However, thromboembolism was not observed either before or after the development of the phar-
maceutical care model.

Conclusion: The development of a pharmaceutical care model can improve the mean TTR

of warfarin treatment.

Keywords: warfarin; pharmaceutical care model; daily medication calendar
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Abstract

Background: Surin Hospital achieved the status of a rational drug use (RDU) level 1 hospi-
tal in 2016 and level 2 from 2017 to 2021. Therefore, further strategies need to be developed to
achieve level 3 RDU hospital status.

Objectives: To develop a monitoring system for rational drug use by the Pharmacy and Ther-
apeutics Committee (PTC) and to study the outcomes of its implementation.

Methods: This study employed participatory action research (PAR) through the PTC over a
two-year period (October 1, 2020 - September 30, 2022). The study was divided into four phases: 1)
situation analysis, 2) strategy development under the PLEASE mechanism, 3) implementation and
monitoring, and 4) evaluating outcome using descriptive statistics and comparing results before and
after development using the chi-squared test.

Results: The study identified problems in policy setting, goal setting, communication of po—
licies to implementers, and the lack of a clear monitoring system by the PTC. Strategies specific to
the context and a monitoring system were developed. Before development, 5 out of 12 indicators
(41.7%) were not met. After development, 100% of the indicators were met. The use of antibiotics
for upper respiratory tract infections, diarrhea, and clean wounds decreased from 29.9%, 22.3%,
and 41.1% to 8.4%, 14.2%, and 38.6%, respectively. The use of metformin in diabetic patients and
inhaled corticosteroids in chronic asthma patients increased from 78.2% and 78.3% to 83.9% and
82.1%, respectively, with statistically significant differences (p-value< 0.001), resulting in the hospital
achieving level 3 RDU hospital status.

Conclusion: The development of a monitoring system with context-specific strategies by the

PTC resulted in achieving level 3 RDU hospital status.

Keywords: Pharmacy and Therapeutics Committee; rational drug use
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URI = upper respiratory infection; AD = acute diarrhea; FTW = fresh trauma wound; APL = antibiotic prophylaxis

in vaginal delivery of normal term labor; NSAIDs = non-steroidal anti-inflammatory drugs; CKD = chronic kidney

disease; BZD = benzodiazepine; RAS = renin—angiotensin system; ICS = inhaled corticosteroids; DM = diabetes

mellitus

aa i aa' a @ | o | .
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Abstract

Background: The highest medication errors in the inpatient wards of Lampang Hospital in
2022 were patients not receiving the medication they should have (28.3%) and prescribing the
wrong medication (24.9%). These errors can be prevented with a medication reconciliation system.

Objective: To develop and evaluate an electronic system for medication continuity and con-
sistency using the E-Medical Reconciliation program.

Methods: This mixed-method research was conducted from July 1, 2023, to March 31, 2024.
Qualitative data were collected to analyze existing system issues and survey expectations for
developing the E-Medical Reconciliation system for use in five internal medicine wards. Quantitative
data on the percentage of medication reconciliations and the percentage of medication reconcilia-
tions performed within 24 hours of patient admission were tracked and compared before and after
system implementation.

Results: The existing medication reconciliation process deviated from the hospital guidelines,
primarily relying on pharmacists for recording medication data, which was feasible only during
office hours. This led to doctors prescribed medication before reconciliation, which causing errors.
Developing the E-Medical Reconciliation system and establishing new guidelines showed that, after
the system was implemented in the internal medicine wards, the medication reconcilia-tion rate
was 69.8% (target: 60%). The percentage of initial admissions undergoing reconciliation within 24
hours was 75.9% (target: 60%). The discrepancies in prescriptions at levels A-B and C-I significantly
decreased (p-value < 0.05).
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Conclusion: The E-Medical Reconciliation system, developed through interdisciplinary col-

laboration, resulted in medication reconciliation activities for newly admitted patients and ini-

tial admissions receiving reconciliations within 24 hours exceeding the target (60%), and predicted

reductions in medication errors at all levels

Keywords: medication reconciliation; medication error; electronic system
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Abstract

Background: Adverse events refer to harm to a patient’s body or mind resulting from treat-
ment that is not caused by disease progression. An important cause is drug-related problems. Iden-
tifying drug-related problems for all patients through observation and review of medical records
requires significant personnel and does not resolve the issue quickly. Therefore, the researchers
developed trigger tools to identify drug-related problems efficiently.

Objective: To develop effective trigger tools for identifying drug-related problems and to
obtain information about drug-related problems that can be accessed through the trigger tool.

Methods: This study is descriptive research explaining the development of trigeer tools for
identifying drug-related problems and a retrospective observational study on the results of using
these tools in the inpatient department from October 1, 2022, to September 30, 2023.

Results: The researchers developed trigger tools with a total of 10 signals. These signals were
detected 30,688 times, leading to the identification of 737 drug-related problem events.

Conclusion: Developing trigger tools for identifying drug-related problems in inpatients is an

important strategy for increasing the identification and prevention of adverse drug events.

Keywords: trigger tools; drug-related problems; adverse drug events
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nAMANITITaRAUTULS Ly URNTAINTSIAN
wnsallifsszasdiiAnanetadls vildyaains
yansundanansansiaduilymainnisidien e
anwmmsallaifisUszasdanmsliolduntu fede
wabviUleiinnuvasndeainnisidenayinislyen
oehailUszAvBn MmN BeTu®®

mMsnumuegdusyuy (systematic review)
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WieSoudisuiiniseng o dmsunisiumbemi
Aendeatuen wudmin 28 mMsAnufifinsgiu
Wnugin snuniy [asnsaumtymainaisld
91 4 3% An MInenUlaalasla (incident report)
nsnumunYTziiou nMsdunalaenss waznsld
wdesiodsdyaraliinnduldneufiuneiuield
1% (automate computerized %39 manual) WU
wiar3sidauuardodeeiiunnnatiu nsiiases
flodadaanfiedumeannuivazdnuazveslym
Aieniostuolagldfamudugae q Ju Suse-
angnmuavivangiunsiunldui ianu winiinns
W fdedyaafimvuizauaziinuluinndd
NINUMIUNTIZLTIU LazNINNTIINITIEULAE
atlnsla®

The Institute for Healthcare Improvement
(H) Tuuszmmansgenini latimstinedestieGen
1 “trigger tool” wlAUMIOINTINNIUTTASARIN
nslden wudn lowad JavensludnisAumennis-
liflsuszasdannszuaunsquasnudu 9 Taglud
W.A. 2550 @10 IHI TaUsen1AwuInIg “The Global
Trigger Tool for Measuring Adverse Events” i
Wugllowazuuinisdusulddumenislaifie-
Uszasdvaansquasnuigiae dadunuimadion
NN INUMILNTIELIUTO UMY ey trigger Use—
nousiy 6 fu leud msguadieyily nslden
MBFA NMIQUAEUIETINGA NITARANITAUAZLAN
vdsnaen waz nsquarlianidu lnefuiliiei
n5lge1 (medication module) ﬁﬁﬁéﬂﬁ@@ﬁmﬁa—
nus 15 18013

UszmalneFuiindngiunsihddsdya o
infummnmsallifieszasdiiesiuen Taeflou
'3%’aﬁkqwmmaamamiaiwudwmﬂi’fﬁ’;daﬁﬁgfmm
yhlanmnsodunummmsallaifeszasdifissnniu?
venanilsmenunasy o Aduiinslifddyaa
W Lsane1unaasug$endl Toidsdyaas vitamin
K way s2aU INR TunisAumeinisluiislszasdann
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warfarin® lsangnuiamalnguaglsangruiassaal-
uATuns Tiddsdayeras sodium polystyrene way
calcium polystyrene sulfonate Tun13AUMIDINIG—
laifisUszasd hyperkalemia fiiAnanendiflgnsiiy
56U potassium Tuiden Wumu'®
Tsangunanszunsasoysendulsameiuig
qudszdu A mneds lssmenuiaiiidnnnuanngn
sesfuiithedidesnsnmssnululsaifanueinuas
FudpussiuBeanny TunmddiBengyieanvmdn
a121509 wazargesnuaNI Ny wasdulse-
wenunaiisudseriheseiuge nsfumiymnig
IdulvnseunguiadamlugUlisnniesiedsnis
dunelpensy waznisnumunysedow Sndudes
Ttyaainsduruuiniazldnaiuulunismuniy
foya Feenaliannsouslvtlapmiuelilagida §-
Wedsldwaunaiesfledidygradmsulddum
Hapmannnslievesitaelu iilelirseunguiiam
lugtiennsy  wazanunsasumdayymainnislyen
Ipegneliuseanann dwaligUieinanudasnse

nmsldenlauniign

IngUIzEeA

1. vileadwarWauedosfloded il
Usgansamamsuldaumdgmiainnisldeves
el

2. vielsmsuisdoyatlymiifstesiunis

TdgrnaunlaarnlusunsuinIellodedey i
WAUTY

VEALAZIINITIY
AsAnuiunsisedamssau (descrip-
tive research) iiteamLALANYINATB A3 BIIlD
dedyayradmsuldaumdamainnsldenves-
wly Ineldisnsfnwnuudunadounas Tungy
fetne e grheiidniuuinisusungtaely u Tss-
WYIWIANTEUATATOYSE JamdanszunsATaysen

vosgthely o lssmeunanseunseAsoysen

Fausudt 1 MANAN AL 2565 89 30 fugngu w.a.
2566 inedelumsaseyamelusunsuiaiesle
dedryanas Inedtuneunsinuive feil

1. Anwnadesflededygradmsuldaun
TayannmsldenlugUae wagthumuniuiuuiun
AUaenaznsliderveslsaneruianszunsAIegsyn
Tngihiymarnnslderdinuluvediaeifiinduns
UsgdnerUan Aaud 1 unsIAN WA 2560 9 31
Surau w.a. 2564 WAnzdifiednideniasosdle
dedyanaiidfuasminyanfiasiu i ssuy
nsquataeliiAneuaendelunisldensniiae

2. Yszanunuiunauanuansaumng  1sanen-
vnansrunseieyse lunsiaunlusunsuiaieslo
dedyaos wlelifumaededihefiilonaiiniy-
witumslden Ineiauilusunsulugiuy compu-
terized fiAstoyanlusunsfifnu HomC Tu
druveanansraneviesy fURn sl Dudnyyia
Woud 1w 7 519019 leuA serum glucose < 70
me/dL, serum creatinine > 1.5 mg/dL, alanine
aminotransferase > 105 iu/L, serum potassium >
5.5 mEqg/L, serum potassium < 3.0 mEg/L, serum
sodium < 130 mmol/L &g international normal-
ized ratio > 3 muﬁ”’amﬁﬂuﬁ@@mﬁau U 3
57915 oA vitamin K 1 mg injection, calcium
polystyrene sulfonate powder g glucose 50%
injection

3. Anwrdlymnisldervesivasluiinuain
nsldiedoiiodidann dudsuil 1 AAAN ..
2565 §9 30 gy w.A. 2566 lneATIzvUaYa

Y

[

il

3.13wsendayalaeldadfaanssaun
A druuenud uaz $esar 9nBauazUNG
edefthoiildannisiedoyamelusunsuinios-
ﬁadaé’t‘gz‘g’]m wontdusie trigger tools Way 31¢
L,
3.2 3wsendayalagldadfmaanssaun
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A 911U ANA wae Seway nTeuaTulym

—

fAyatestunslderfidumilfainiaiesiiods-
vﬁgmﬂm wonduse trigger tools ey ELADU
337wnsgndayalagldadfiaanssaun

oA $1uau A uazfesazaneauaguniss
mMuUsnwdueiiewdledymnisideniidumigann
Lﬂéaﬂﬁadﬂﬁigigﬂm wonilusie trigger tools

nsAnuidedlafunsfinnsanuaylfoud
NANLNTINNFITEFITUNMTITeTuNY L Tsanen-
UnanszuAsATeysen Laviviisdesuses 080/2566
LauilAseINidy 069/2566 TasueyiiAdlotul 26
nANAY 2566

NAN33Y

1. Mswauadosdiodedymian dmduld
Aumtdyvnnsldenvesivaglu

g’ﬁ%’aﬁﬂmm%aﬁadaé’ﬁgmmé’m%ﬂﬁifﬁum
Hymannislitorluihsannslésueriifiennts
laifsUsyasA Community of Pharmacy Practice
(AJCoPT) wag Global Trigger Tool (IHI) lagiun
nuniufvusungisuazdgyninislidenvelse-
WYTWIANTEUATASEYSEN IaeTinsendymiannis
eninulunediefifindansussdmeding daud
1 UNTIAN W.A. 2560 9 31 SUIAL W.A. 2564 WU
fymeue feil msldldsuendiifeusd msletu
gildinzan Aslasueluvuiedesiiuly nsla
Sugnluvwamniiuly msldsueniifennislaifie-
Uszasd nsldfueniifidunsisen anuldsiuiioly
mslden uazdu o Wethundndenedesilededa-
graufidfyuazimnyaniiagihuiiauissuunis
guagithelmAnmudasadelunsliemnndigs

Frdedanadildsunisdadeninuniaund
Wedy 10 fdsdyann Ussnouludne dmnates-
UitRnmsidudyaraifiou dwau 7 s1ems un
serum glucose (Glu) < 70 mg/dL, serum crea—

tinine (Cr) > 1.5 mg/dL, alanine aminotransfe-
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rase (ALT) > 105 iu/L, serum potassium (K) > 5.5
mEg/L, serum potassium (K) < 3.0 mEg/L, serum
sodium (Na) < 130 mmol/L & international nor—
malized ratio (INR) > 3 wavenfidudaaanion
WU 3 599019 W9k vitamin K 1 mg injection,
calcium polystyrene sulfonate powder g glu-

cose 50% injection

'
=

dmfuididygranduamisiosl fUa-
M35 1uau 7 9183 fAseldianedeailedum
Tnertwualiuansdoyadsil hospital number (HN)
Fo-ana nansravnaviesUfoRng uinsaa uay ve
Fuae TneFendedn Tusunsu lab alert Fedidunoy
sl il

a. WlUsnTy INFO-D’s Billing System

b. denvada Report (waul 4 uandudie
U) NAATIN run report wag ALY

c. NAAIT LAB ALERT %8481 Way $19879
NOUNUN

d. 1@enuil uay FvaiesUfiRnsideanis
AR Preview Lilagnsseausa

dmsusdsduaaiiduseniser s 3

ya o

518015 JITelanmuneIesdladAunilagiivuali

¥
v a A

wansteyadisil T8 hospital number (HN) Fe-
ana A 01y a5 Jufl admit ufl discharge o
fthe Fuiidildeon Bl Suaundaiiddldeon uay
Srunueiddld TneSendedn Wsunsy drug alert
Feidumeunsliau fil

a. WlUsuAsy Report Fr

b. {@anaUs Run Report (LaULINATUEE)
nAANIT IT

c. A 025.1 Sesunsdsliengaglu

d. dentudl uaz Ten1sefidens nafi
Preview Lﬁa@mﬁiwsmuwa

2. dayaduiun1sudafaudayagUieain
nslddelusunsunIosiiodedynn

'
[ a o

NNS LU WNTULAT DN D AT QU NN WeNUN

[Ag7]
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Fu Tneilshdsdunnasiuiu 10 # lussuinedud
1 anAu WA, 2565 89 30 Augegu WA, 2566 WU
nmsudadeudeyadiisainnisliiedesiliofng
$1uau 30,688 A%t Tnenunsuduiouannsdeda-

(%

e Cr > 1.5 me/dL maﬁqmﬁ’ﬂmu 16,274 @39
sesasududidsdyann Na < 130 mmol/L s1uau

(%
[ o

5,123 AF9 fasdeyaynn K < 3.0 mEg/L 37147 2,035

afa fads Hryey1ad K > 5.5 mEg/L 972U 1,938 a¥q
$ieadeyynad calcium polystyrene sulfonate pow-
der $1uu 1,859 Ads fasdyaad slucose 50%
injection 41U 1,707 e fdsdeyaad vitamin
K injection 91U 786 s fdsdyaad INR > 3
$1uu 593 A%e Fasdyaod Glu < 70 me/dL 311U
203 ps wazfasday1ad ALT > 105 iu/L 97191 170
afs savideaduandunised 1

3. Yayadnurutyniningadasiunsidend

vosgthely o lssmeunanseunseAsoysen

o

v % A Ay
ﬂu%q‘lﬂ?ﬂqﬂiﬂiuﬂiﬂLﬂiaﬂ&laﬁ\‘lﬁwwqm

v v
'
[ a

NAIElUsUNSNLATD I o dsd R AL

Tu Tnefishdsduasiuiu 10 & lussuinedui
1 fanAy W.e. 2565 819 30 fugey w.A. 2566 il
annsadumiymanmsidenld s 737 e
Taenulgymnisldenandadsdeygiad Cr > 1.5 mg/
dL 1nflan 1w 236 a1 sosnaTuddedn-

1 o

7l INR > 3 97u7u 197 Ase ddsdygal vita-

v 1w

min K injection 971UU 167 A%Y fasdygyiu K >

[

5.5 mEg/L 91U 30 ASY fdsdygiad Na < 130

A7)

mmol/L 317U 28 AF3 Fdsdnyey1ad K < 3.0 mEg/L

A7}

$1u9u 26 A% fasdnyey1ad ALT > 105 iu/L 971U 22
¥ fdsdnyey1ad Glu < 70 me/dL 31w 12 A%a 6
dadeyayras calcium polystyrene sulfonate powder
$u 11 e wazAaedaal slucose 50% injec-

tion 9MUIU 8 ASI S1YALLDUARILAANILUAITIN 2

M13199 1 FuATveINsddyganliannishsteyamelusunsuiasesilodadayao

Glu Cr ALT K K Na INR Vit K Kalj- Glu- 594

<70 >1.5 >105 55 <3 <130 >3 mate  cose
#.0. 22 1,292 15 194 221 471 42 74 139 128 2,598
N.g. 22 1,384 24 184 165 391 58 58 152 134 2,572
g.0. 20 1,326 16 176 142 494 63 60 124 152 2,573
1.0, 21 1,276 9 151 152 360 a7 59 144 148 2,367
N, 10 1,153 11 164 141 376 51 48 129 155 2,238
e, 15 1531 9 146 198 374 78 81 135 139 2706
1 6. 9 1199 15 136 181 297 61 70 162 130 2258
N.A 20 1,428 21 149 178 541 26 74 155 150 2,742
3.8, 13 1,411 12 144 158 582 41 70 169 121 2,721
n.A. 12 1,400 19 160 154 394 25 67 189 144 2,564
a.0. 21 1,489 11 178 156 443 59 63 193 149 2,762
a6 18 1385 8 158 189 400 a2 62 168 157 2587
594 203 16,274 170 1,938 2,035 5,123 593 786 1,859 1,707 30,688
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A19199 2 nutyminineidesiunsldenauminainlusunsunsosdiodsdynyion

Glu Cr ALT K K Na INN  VitK  Kali-  Glu-  59%

<10 >15  >105  >55 <3 <130 >3 mate  cose
7.9. 0 29 3 i 2 3 15 13 4 1 74
L. 1 23 a 2 0 2 10 10 3 2 57
5.0. 0 13 0 2 1 1 21 12 0 2 52
1.0, 2 9 2 1 2 0 17 17 0 2 52
X 0 11 2 q 1 2 17 14 0 2 53
.. 0 19 0 2 5 3 25 19 2 0 75
BUK) 0 9 2 1 2 1 18 15 1 0 49
n.A. 1 28 4 5 1 3 12 12 0 0 66
N 1 39 1 3 2 a 15 13 0 1 79
0. 0 18 2 2 3 2 12 12 0 0 51
a.0. 1 20 2 3 q 5 19 14 0 1 69
4. 2 18 0 1 3 2 16 16 1 1 60
593 8 236 22 30 26 28 197 167 11 12 737

4. doyaeiiduamavasdyminheidasiv
nslgendumidainlusunsuasasiiodedoyayin
Ygminsldernaunilaaniaiesilodsdey-

(%
a v A

Qe Rt
fdsdnyey1ad INR > 3 Wag vitamin K injection
wutlymiAeasueiluiade nsldsuelurwinuin
Auld 364 ads Fednlnginann warfarin
Frdsdyaas Cr > 1.5 me/dL nudgmiien
fuglumtenislesueluruamniuly 236 ade
Faiinan meropenem 42 s (Sozaz 17.80) pi-
peracillin 39 ﬂ%ﬁﬂ (5oway 16.53) ciprofloxacin 35
a1 (Yovay 14.83) ceftazidime 26 a%e (Fowaz
11.02) allopurinol 22 a3 (3owaz 9.32) enoxapa-
rin 18 A%s Boway 7.63) oseltamivir 12 A%e (3ovay
5.08) augmentin 11 ¥ ($oway 4.66) cefazolin 9
afs (Svay 3.81) fosfomycin 9 A%t Zowaz 3.81)

levofloxacin 5 S (Govaz 2.12) ampicillin 4 ads
(%owaz 1.69) bactrim 2 a%a (Yawaz 0.85) LAz acy-
clovir 2 n%s Bowaz 0.85)

Fadsdyind K > 5.5 mEg/L way calcium
polystyrene sulfonate powder nulgymiAeafu
orluhdenslasueniitiennislifieszacd a1 ads
Fainan spironolactone 18 ¥y (Yovay 43.90)
enalapril 12 adq (§oway 29.29) losartan 8 ads
(¥oway 19.51) valsartan 2 A% (ovay 4.88) uay
lithiurn 1 %3 (Sovay 2.44)

fdsdyeiad Na < 130 mmol/L wulgyun
Aenfueluidenislésuendidennislifiaszasd
28 A%t daiinann hydrochlorothiazide 17 a%a (Bae-
a¥ 60.72) sertraline 5 a%q (Saeay 17.86) risperi-
done 3 n¥s Bowvar 10.71) quetiapine 2 a%1 Sou-
8% 7.14) uay carbamazepine 1 a%q (Sogaz 3.57)
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Fdsdayeuial K < 3.0 mEq/L wulgymiAeniu
eluhdenslasueniitiennislificssacd 26 ads
Fuiinan furosemide 18 a¥s (Govaz 69.23) uas
hydrochlorothiazide 8 a¥q (5oway 30.77)

Fdsdayeyias ALT > 105 iu/L wulgmniAentu
eluhdenslasueniitiennislificssacd 22 ads
§9An91n antituberculosis 8 A% (Fovay 36.36)
simvastatin 7 ﬂ%ﬂ (5oway 31.82) atorvastatin 5 ﬂ%ﬁﬂ

vosgthely o lssmeunanseunseAsoysen

(¥away 22.73) uay phenytoin 2 a¥s 3owaz 9.09)

Fdsdnyey1ad Glu < 70 mg/dL way glucose
50% injection wudlgwiieatueluitonislasu
grlurwaunduly wavnisldsuendifionnislifie-
Uszasd 20 A% Fainen glipizide 8 ¥ (Govay
40.00) regular insulin 6 %1 (Bowaz 30.00) humulin
70/30 5 Ads (Joway 25.00) wax NPH 1 ads (Seuay
5.00) ywazBundauandlunnsned 3

A15199 3 erduanmvestdyminneitesiunislden (DRP) Ndumlaanlusunsunsostiodsdnaio

KT TN mm; i g1duaLnvae DRPs m‘i:;%'m Souaz
o (A39) ’ (A39)
INR* > 3 197
Warfarin 364 100
Vitamin K inj. 167
Meropenem a2 17.80
Piperacillin 39 16.53
Ciprofloxacin 35 14.83
Ceftazidime 26 11.02
Allopurinol 22 9.32
Enoxaparin 18 7.63
Serum creatinine Oseltamivir 12 5.08
> 1.5 mg/dL 236 Augmentin 11 4.66
Cefazolin 9 3.81
Fosfomycin 9 3.81
Levofloxacin 5 212
Ampicillin a4 1.69
Bactrim 2 0.85
Acyclovir 2 0.85
Serum potassium 20 Spironolactone 18 43.90
> 5.5 mEg/L Enalapril 12 29.27
Losartan 8 19.51
Calcium polystyrene sulfo- " Valsartan 5 1488
nate powder Lithium 1 2.44
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m15199 3 enfiduanmmvesdymiiieadastunislden (ORP) idumlannlusunsuesedlodsdyqy i (do)

o .o AU e AU Y
gl g FJ’WILU‘L!ﬁ’]L‘ViQ?JEN DRPs g 0YAT
(A39) (A39)
Hydrochlorothiazide 17 60.72
Sertraline 5 17.86
Serum sodium < 130 mmol/L 28 Risperidone 3 10.71
Quetiapine 2 7.14
Carbamazepine 1 3.57
Serum potassium > Furosemide 18 69.23
< 3.0 mEg/L Hydrochlorothiazide 8 30.77
Antituberculosis drug 8 36.36
Alanine aminotransferase o5 Simvastatin 7 31.82
(ALT) > 105 iu/L Atorvastatin 5 22.73
Phenytoin 2 9.09
Glipizide 8 40.00
Serum glucose < 70 mg/dL 8
Regular Insulin 6 30.00
Humulin 70/30 5 25.00
Glucose 50% injection 12
NPH 1 5.00

*INR = international normalized ratio

anUgNa
= g & v = = !
nsfnwiasalilunisiaiuiiasesliods
Foyaniveldaumdgymnsidelugdaelu lned-
Javilaiauinasosllodidygramieiesufun
= Y @ = = ! PN L
NsuarsIENse WelddueTelotieiiunisnn-
Juwazlasiuniainmgnisalladfisszasdiiia
ne1 NMSAUTeyasEnineiui 1 sateu w.e.
2565 — 30 AUYIEU W.A. 2566 WUNITASAQUayed
30,688 A3 lpganunsoandumsnNsadlaiielsead
1l 737 wign1sal wansliiudnniswaueiaaile
W = vy 9] IV
dedyayraniveldaumdyninisidenvesuiely
a1u1satIeAUMImMANITallUfsUsTaATIARINEN
wuudagn  Ieedumsihmelulagundssgndldiie
WnUsgansamlunisuuaau dawaliaiunse

Fuvuazdasiudymmsldoldifiatu uazilug
n1sldevesdUiglusieainugniies munzay uay
UaenfuBeiu Teaonadoatunuideveningn Sdu-
wiu® Meyer-Masseti® wag Rozich'
AINUFEsdyI INR > 3 Lag vitamin K
waneigiiedinuinunfveinisulsinuenden I
Audesfiazinneidonoonldine Felladovdnun-
ne1msdulifisUssasdfiiinain warfarin il
\ndvnsdeamununsdsaneeitlésu warfarin vi3e
sl yasisfinnsanarumngauosuinnsld war-
farin  nedUednludedldsunisanuuineiniuen
INR na12@® INR 3.1-3.9 A158AUUINET 5-10% INR
4.0-4.9 MmvgAsT 1 Tuswiuanuuingn 10% INR
5.0-8.9 AIsugRen 1-2 JuswAulyt vitamin K 1 mg



Wndanssuaaiin UNANUIY

@ A A o A gvwy %
mMeiauaIeslivdsdygraiisldiumdguinisiden

U7 30 aUu? 3 n.g. - 5.A. 2567 LIANYN JNOLAY

1a% INR > 915 vitamin K 5-10 mg"* Tnemsnwniiny
Jmiertunislisuelusuiauniuluiiu-
nFdsdId INR > 3 992U 197 %1 uazsda-
dygad vitamin K 37u2u 167 %1 yonanidmy
Uaynin1sld vitamin K injection 10 mg dadun1id
Aunsla cefoperazone Iuﬁﬂwﬁﬁmﬂ%’ warfarin
ssedadugifiufisedeiu nanie vitamin K
zfun1seengyisves warfarin Fundunsaasusn-
wunndiiteannsly vitamin K saisdaauen INR
uay PT 9819lnadin

NsNUFIRIEE Y 1 Cr> 1.5 me/dL uansidn
fhseglunngilafinruanunsalunisnseswonde
ponnidenanas flheenafionsvilesdie
Jaanzilevas fomsuandivwSewin duiaein
srmeldannsadureadonazindumslald  Toe
nENIFemuIuNTEIs1eeindenfinelfinfiv
polanseld laun diuretic, renin-angiotensin sys-
tem, antibacterial, contrast media, antineoplas-
tic, NSAIDs, immunosuppressant Wag antiviral

15 9n1nT 99NN TN ANUMNN S Al

Husu
vosuneiild 1iosaniloniaiisnaniegUases
HUsuuazaunInIU A N YRD 19N 18I0
aldenlunuinundfinnn Tnensanuidnudymi
Aeatunistdsvenlurwauiniulufiinanside
éi’zgzyﬂmﬁﬁi’mu 236 A% %QLﬂummju antibiotics
182 a1 (Basaz 77.12) allopurinol 22 p¥s (Zevas
9.32) enoxaparin 18 A% (Jouaz 7.63) uay antivi-
rals 14 ¥y (Gegay 5.93) Fsemaisdugesusu
YA ARLNZENAINATVINIUB L
nsnudasdyI K > 5.5 mEg/L way Cal-
cium polystyrene sulfonate wansiEUresedu
Tnuvadeuludengs awvmuianangaath A
AnUnfvedls aneidendunse anevndugiu
siansldeiuiseie Tnglndsnsnomuniunig
direorifiheldfuenfiinavilrsssuTnunadeon
luidonaviseld loun spironolactone, amiloride,

vosgthely o lssmeunanseunseAsoysen

ACEls, ARBs, NSAIDs, enoxaparin, cyclosporine,
beta-blocker, digoxin, lithium, potassium chlo-
ride® Imamiﬁﬂmﬁwuﬁﬁgmﬁtﬁmﬁumﬁmmﬂéh—
daﬁfgﬁgmﬁgaamﬁﬁ?mu a1 a¥y lneilanmnunan
spironolactone 18 afs (Sasay 43.90) 8183 ACEls
12 %1 (Jowax 29.27) sndu ARBs 10 ads (Soway
24.39) wag lithium 1 n%s Govay 2.44)
NINUFIEIFYYIU Na < 130 mmol/L wans-
Ihedsziuludosludendn awvndrlvajun-
Pamsvhauiinunivesiile §u ln Azannin
nsaLtmiuly muieunivessedluy nsld
gsianin Msen1sigerunstia lawa hydrochloro-
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Abstract

Background: Three-dimensional (3D) printing technology is now seen as a valuable, efficient,
and economical method for producing drugs with unique characteristics, tailored to specific patients
with special needs. Aripiprazole is used to treat schizophrenia. Due to the ineffective treatment of
aripiprazole in pediatric psychiatric patients, chocolate-based dosage forms of aripiprazole were
created using 3D printing technology. These dosage forms are expected to help overcome dose
adjustment challenges and medication non-compliance, especially in pediatric psychiatric patients.

Objectives: This study aims to develop a chewable, chocolate-based oral formulation of
aripiprazole using 3D printing technology and to establish a method for analyzing aripiprazole in
chocolate.

Methods: Aripiprazole was incorporated into chocolate-based dosage forms composed of
cocoa powder, cocoa butter, powdered sugar, and lecithin to achieve the desired chocolate pro-
perties. The desired solid form was then created using a fused deposition modelling (FDM) 3D
printer. Analytical method validation of aripiprazole in chocolate-based dosage forms was per-
formed using ultra-pressure liquid chromatography (UPLC). The stability of aripiprazole after five
rounds of re-melting chocolate-based formulations was analyzed and compared with intact ari-
piprazole in chocolate. The physicochemical properties of aripiprazole in chocolate-based dosage
forms were evaluated over 90 days of storage at 30+2 °C with 65+5% relative humidity.

Results: The bitter taste of aripiprazole was masked by the chocolate, providing desirable
texture, toughness, and taste attributes. The dosage forms could be created in various shapes using
3D printing, maintaining solidification characteristics at room temperature. The analytical method
validation showed high accuracy (99.8-109.7%) and precision (0.13-2.56%) for aripiprazole. The
remaining amount of aripiprazole in chocolate after five rounds of re-melting and storage for up to
90 days remained within the acceptable range of 95-105%. Furthermore, the physical properties of

aripiprazole in chocolate remained unchanged.
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Conclusion: This study highlights the potential of 3D printing in fabricating custom-made solid

dosage forms of aripiprazole in chocolate for personalized medication. This approach can help

reduce medication non-compliance in patients and could be applied to other drugs.

Keywords: 3D printing; aripiprazole; chocolate; personalized medication; adherence; stability
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a Tuguuuudenlnuan

WunsAnwinuunnaes (experimental re-
search)
2. Faquazinesilefly
'3’51@41asa755ﬁa71'/7'77’f?un75’35'£/
H99ZINNIa (98% working standard) Tsewen-
UaEIulgs
HalALAGN 100% (Tulip®)
welald (Sunfood Organic Cacao Butter®)
dhpansnety @55insua)
@dRuaIndamdes (Lecico®)
ox@laluleg (acetonitrile)
LE1UDa (methanol)
NINDLTRN (acetic acid)
nsnlnsiigealsesdin (trifluoroacetic acid)
13;7 HPLC grade
m?aoﬂauazgﬂnmf
w5 oefiu 3 AAFuuuLTsiawlasaa1tuianssu
FINTUNNY W INSeTe el
\A3eq ultra-pressure liquid chromatography (UPLC)
f%f0 SHIMADZU Usznaudie
- frusugaumgiiinnafiegiuil (column oven)
Ju CT-20A
- Julawma LC-20AD
~ s¥UUAIUAY (system controller) 51 CBM-20A
~ guUnsadindayaynas (UV detector) $u SPD-M20A
— YARNANIMIBE198RLWIIR (autosample) $u SIL-
20AC
~ Spnaitegifufi (column) 8% Agilent §u Po-
roshell 120 EC ¥l C18 wunaLdus1audnan
2.1 Jafiuns 817 150 Tadluns YUINeUNIA
2.7 WlAsnag
S0 svUIBIANAENOY B%0 HERMLE Ju Z 206A
4119247399 UPLC
fnaeiadeudl (mobile phase) Usznausie
asazane A (Judiunauveserdlalulag : 0.05%
nsnlnsigealseswdn ludndiu 10:90) uagansay-
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ane B (Uudiunauvesesdlaluled : 0.05% nsalas-
Waeolsezwdn ludndiu 90:10) n1svzvesignia
deufidusyuuiiinisiisunlasdiunauans-
azane (eradient elution) A:B &3l 7 0 w17l 80:20;
10 U9 65:35; 20 W 10:90; 26 WM 80:20 9157
nslvavesigniandeudivindu 0.8 fiaddns/ i
UM IveIRaautlvNGU 40 Barmwalgea A1
aruemaaulunminszivingy 254 uiluns

3. JuABUNNTITE

iosanlailiideluuyud nssunisesesseu
nsiseluauddlildiansan funeumsideiised

3.1 msmuIA15vesTnTlvalugUiuy
FonTnuamersuussnuasdugusaeinToeiun
340

3.1.1 F5w3eudonlnuaniiinae

Mmnisnsendenlnuanuvislaelddiunas
Tudindausing q il wdlnld 11-24% thaanse
39-50% Luglnln 34-38% LaTRy 1% WaskIoyIN-
wylwa 1.5% (axldien 15 faanduimdndenin-
Lan 1 %) SuneumsaseLEu e saeuueln-
TAuaziadiu fignumgdl 70 ssmiwaiBoaauazans L
nspzafinalea eilazanedniu wniuangamgd
adluft 40 osmwadea wlsmalnlfussanans i
duadly wavauldnaunduiledontu snduena
1 FanddalAiude aulinaeududeweatu
dumaudreulazarsawiedoudtu wid
wsifand v lunalilug Buigamgi 4-8 osmwaifua
Huszeznainu 4-6 $alus arndushfenlnuan
panaNLLRNiviemenseawluvSenanain iuly
naeanaainfitaainiigunniiviesduiuinlly
lumsnaaeusiely {ideussidiudnuaemenienn
mgUszaMdula gaalleu ANNYTVTE AINTIU
vouiiofeninuan nageuauieiienislddaiie
nagnsgudavideuan  lewiulifigamniivieszusne
liwdsusuluanifu neassdusandlaeifiounn
wuauvuiudeninuanfidsivingluviesnans
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wdudeniuifianelafianueSeniiielinaonnis
Anwnsail

3.1.2 fugvenfonlnuandaeinositu 3 17

wesiunt 3 fAduuuuTiiaLg unesily
WATIANSANALUY fused deposition modelling 3D
printing Inevasudeninuandidisedeaudou
wE3eruiinflideuiufudui 9 (ayer) auld
wAnSd 3 SRawdideants TlUsunsy Autodesk
Thinker CAD dwisuaanuuuiusiavanisiium 3 f
Jugusne 9 Tnedmuerdsueslilusunsuesn-
s dlden deganiseenuuudilsazgnasly
faa3osfinsifiaruaunszuIumsRasiselUsunsy
Repitier TngAmuana1ugaves layer 137 0.25
fadins (fesmnnieSesfaiduuuulifldmauny
grumidslisinisfivungaumgifivadfin (nozzle)
LLazﬁgmmﬁumu (bed) vouiaTosiiut 3 fi7) -
yuauslunsiuiidslin 5 Sedumsioiud
fatinsfamidonTnuanliiiuinawiiy 8.23 gn-
verdadunsaniounildsuimindonlnuan 1
nfu (Weuwirdueriiinslea 15 Tadnsu) vuie
YR (nozzle diameter) Aldlunsfiumi 3 9@
fidwihgudnans 1.16 Tedwns Faduvuaiudud
Wz UANAZLEALAZYIAYB AT LTI DINS
fanflunsfiniianniian

neufiusilduoansgadaiininaiiuazein
\nesiuvivinaifesdudaiudeninuan wiswumdin
Fanlnuanfiegldfuilaeniniuvsdonlnuandien
fuFeulfuuduiugn 4 dilumseuiigungd 70
psmwaidea vievasudewilulasiianuou
300 Yo LJuszezaiuiy 10 Juiaumad wld
nszuendaveueios uavdsiiuillivuiauazgus
puiildoonuuulflulusunsy thienlnuaniinunils
Aulugifuiiganall 4-8 ssrnwawea Wuszevim
wu 4-6 2l vdsnduthluiouazussyldndes
Aulifgamgivioadielilunsinusdeld

3.2 msimu1IsuasIzviesTins loaly
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Fanlnuas

WAIUIIDIATIEINIUSUIUVRIRE S AN L8
Tudenlnuamsnelrdes UPLC TasuUszgndannisns
AATIEAUBS Shinde’s method* Ineiiisn153As g%
i

2e

-I5imseugIsayalIguInsgINey SN Ilea
amsuldlunIsinsIed:  ara1uansuInIgIueE -
wylwathuidn 100 fadndy Tuansazaneivsyney
#e oxdlalulasd wnuea 11 uay nsnozdin u
m318U 30:10:60:1 USulsumslinsu 10 Hadans
Turiausuusung

ABinSeudaegredonlnuanunnsguingv
Usuasessim lwaiiuuen:  wisudenlnuanany
FBmsfinanundreiulaglilldessinglea 9niuy
Yupansazateuinsgiuvesessnnslealuliuin
aufifuaiiuadty eunadlidty Wiludenln-
LanNIAsILANIIUUTINAeL N lvanaUTanm
Fdasly

“SsannesIingilvasenaindenlnuan: vass
Fonlnuaniioz3inslwafigumnd 70 ssmiwades
Buansavanefivsznouie ezdlalulasd wsuea
¥ waz nsnezdin lushsnaiu 30:10:60:1 U3uns
10 fiadans asluaunalfgn i snasanen s
By hlumuoieselnsesumilomnng-
now (B8 HERMLE $u Z 206A) 71A0151132 3,000 50/
Wit uiu 5 uil wmenduansavaneladinnia—
WiaeswuuWiln 1 Jaddns Tdasluriausuusums
A 10 Hadans YSuUTuInsmenIsiiuusIuea
nduihluinszdimusanaessinslyade
1309 UPLC

-NINAFOUAINGNABIYNIZ ATIZY  (ana-
lytical method validation)

AT19EUMIAILEIAAUTIRANFULAIZIER
(Amax) vesaz3finglva lnednasazaiennsgiuy
yoser3inslvaluasavareiivsenause avdle-
Tulnsd wyuea 1h way nsmevdin lushsndy

03 wulnenade, 9331 Aa

o

a

hol 2

Tuguuuudenlnuan

30:10:60:1 USunau 5 lulasans iiedes UPLC 90—
5uaLLﬂuM1ﬂanuawaﬂ§uﬁ@mﬂﬁuLLquqmaqaﬁ—
Ainslwalaeiisuiudenlnuanilan (blank choco-
late) Ti3euldanndsimenfuusldfisaen andy
NAFDUNITWULABIA § AULUINIGBY ICH Q2B
guidelines® lgin

(N) NIAGDUAINTUNIE (specificity): 1ag
dnansavarefilaarnnisatndenlnuandaiilad
fe (blank) Wisuisuasmutulng (retention
time; RT) wazvuiavesiiuiilénswl (area) fuans—
avangumspIuifesiinslealunududu 100,
200, 400, 600, 800, 1,000, 1,200 lulasnsu/daaans

() A duLdunss (linearity) Lagdevaenis
AATIA (working range): wisnfeninuanitey—
SN lwausun 1,000, 2,000, 4,000, 6,000, 8,000,
10,000 wag 12,000 lulasnsu/nsu afnaaisann
Fresu azldansazaneiegsiifiaududuresos-
Sinslea 7 anuautu Aiv 100, 200, 400, 600, 800,
1,000 waz 1,200 llasndu/faddns aadueses
UPLC aisaa¥afiaiuenindu 256 uiluwns vins
Anzviiiaudduar 5 adawendu 5 u adns
aslaglaiunu X 1Wuanududuvesessinslua
duuny Y uituilldnsm area) dunamay
Wudunsesnenisimseiideanaee (regression
analysis) Tneruuamnseensuvesdulssansnis
annee (coefficient of determination; R?) 11AN3
0.99

(A) AUgNABY (accuracy): vinsarindanin-
wanfifiusinaezaiinglea s1uau 3 Anudut fie
ANUILTY 300, 500 way 1,100 lulasnsu/fladans
ANLIBANAT AU ATITIANULUTUAE 3 AIDE1911
HAILASIZFTLE AU US N0 90E 3 NG -
lwalusegredenlnuanlagifisuiunsvunsgiu
(standard curve) vasazifinsloalufonlnuani
AUTNTUAN 9 LazyiIn1Tannn835n15IRaY
TngseauaiANgnses (accuracy) luseuaznis-
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NAUAY (%Recovery) WagAodRgTENINg 85-115%
funallddsd

%Recovery = (UsInawosieniiiinszsils x
100) / Usunaeseniduasivlushosng

(3) AUULUEN (precision):

* nsnadeuAINLiugn1eluTuLRgIY
(intra-day precision study): 3AT1ZFI0E190L TN
wslwaludonlnuaniesouliiannududumiafu
300, 500 waz 1,100 lulasn3u/nda Tnedaszeian
pudutuay 3 fegieieiu 8 dalusnneluty
ety Muumandssuunpsgudining (rela-
tive standard deviation; %RSD) U84N15ILATIEH

® NISNAFDUANMUULUETENINNTUY (inter-day
precision study): JAT1EA BRI ANI l9aly
Fonlnuanfiwseufiaududusiiu 300, 500 wax
1,100 lalasnsu/nsu anududuay 3 daegnslag
wBuLarATIisnaty 5 Tu Tnefifeauie-
fu Aunuand sauunnssuduing (elative
standard deviation; %RSD) U84N15ILATIEH

Al TIATEeNa e uE e A
9%RSD wazdadliiiiu 15% furalldad

%RSD = (standard deviation) x100 / mean

(8) AMNENNTIUATENR (extraction reco—
very): wisuiegsdenlnanifiuunaesifinglva
Tudanlnuaniuiy 3 AULtUAs 300, 500 WAy
1,100 lalasnsu/fiadans yin1sanauagilasgsin
USUUOLIANTNDaANUINTUAY 3 A8 LUSYU-
Weudnisgandunasiildainatsaraevosessii-
wilvaluwsuealagliifinisatndsazAndu 100%

3.3 N1SNAFIUAIINANENTINYDNDLTHNT 1-
loaludonlnuan

3.3.1 AIMIANENTNVAINI59A8NT) 5 AT

AsHAREeELAS osfiuT 3 Rslentafiaxdl
Fonlnuanivdorsgs iiteannisgadenineinsds
FNNSVAABUAIILAIEN NS IWITUN S UADLITIq
freliulainlufinasesemninisiendenln-
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wannduunlddn ansaeviuvisteninuaniilorsai-
wslea 15 Dadndi/nda Mwseduwiuduiugn
viaeuTigmgil 70 ssriwaldeaauman wilduifiu
uithluiulugiBuiigumgll 4-8 esmwadoa 1y
SYevaUIY 4-6 9l YanvaeutiauAsy 5 SoU
Nt simUinaesiins lvalae3eu-
Weusuusunaesiinslealudenlnuaniilysiu
n59AENT

332 aruasanwyesesSims leaidesuly
471 90 U

dAuSonlnuanurisiitlossinglea 15 Sadnduy
/n¥u lundeswana@niitnain wazthluiiulilugi
AIUANEANYI 30+2 DIAYALTYA LAEALT -
WSty 65+5% Wiensuszeznandidiviua 30, 60
Way 90 U MIN15UTZENUANNASENINAINAN B
yamenmlaggise (ndnvasiiiu 3U99) uas
MaAll (USunusign) WSsuineudulSunave oS-
finslvasudiu fvunnaeinseeusuIiiaua-
anmwillouunuiendinseglutie 95-105% lng
FieuRuUsinavesieBudu

4. gandldlun1side

ANANTIUUILAZNITUATIZANTOANDUITIEY

(linear regression)

NAN15398

1. Mswaisusiinglwazuuuuton-
T,nu,amL?;lm%'wszmuuazﬁugﬂﬁ'wLﬂf'a:aaﬁuﬁ 3 4R

nnsUszfiulaegivenuindsuienlnuan
Fvmuldaunsanavsavuvesozsansloald 1o
savd Thileduia wazarmudaduiinels anunsa
waeug vaneasald nsUTUABUEIUNENYE NS
TR welnlduavinnalneni3unaeesdeuas
AT UILANAADAINVN ALY WATALLT VDS
Fonlnuan Tnefidsanunsafanidusudoindosius
fadugusteing q 16 dauanduzuil 1 gaseisu

3
Ava o A Y [ < o [ a v
VIQ'J"\]EJLaE]ﬂSLSULG]'3EJJJL°LJWUE]ﬂIﬂLLa@ﬂ'lﬁﬁ‘UsLUﬂ'lﬁ'JﬁlEJ
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=
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vy v
(% A

pSatlAe walnln 23.3% Wmiansie 39.8% tuelnli
34.4% LaTAU 1% wasnieysinslea 1.5%

2. MINALITIATTiaysAns waluden-
Tnuan

ANNTANBININTUNE (specification test)
va9n15aszessAns lealudenlnuannae
3 UPLC #iinrnsganduuas A ) wirdy 254
wluwas wuiegiinsleaznufindyaiaiing
14.82-14.97 Wit Tnglinufindayaausunidy o
wansliiiuiniznaasuiiinuauisalunisuen
(resolution) Lazaudumiglun1sAnden (selec-
tivity) 7ifl anunsaueney3finslgasenaindesuniu
u 9 Fuandlugud 2

3. N1SNARBUAINYNABIVBIITIATIEN
(analytical method validation)

WoTAsevitduns vunsgiu (standard

a
be o
<
€
<

a - C : MNMseRNLUUNtAaINLUSkASY Tinker CAD

03 Nallwenady, 93l da

o

a

Do

Tuguuuudenlnuan

curves) kavALNANYeItaYa (soodness-of-
fit) fBAITIATIZINITONNBEITUEY (linear regres—
sion) ANsAEANEATTIN 7 Autukaz -
asmanmsvegeuly 5 Suilwansnety Tdandu-
Useavsnsviune (coefficient of determination;
R®) vaudunsmlunsguiAunndd 0.9980 du-
nsRsgIudmIuNTessElauludunse
TurepNNTuYetE SN wawindu 100-1,200
lulasnfu/fiadans dauanslusud 3
HANSNAABUAILYNFBY (accuracy) YBINIS
aTzersinslwaludenlnuan 3 Anududuy
Wieuiu standard curve vesersiinslaludenln-
waniiafnaeiSnsieatu wuldlnsziieny
Qneae %Recovery \ady 98.84+4.14% (gl
94.3-103.5%) \lenisnadeuauuduglunisi-
wszsmelusudiontu (ntra-day) 1ven %RSD

d - f: mslalusunsu Repitier Tun1smivaunsiam 3 G

'
a

¢ - i : oATmslwaludenlnuanlulSueswiiunfivisensesiud 3 TRdusuamaes 3Un uwazguinils

UM 1 ar3finslwaluguuuudeninuandeisulsenuildainnisiud 3 I
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mAU mAU
150] PO WUt 1 Z52nm ann] 10 PDA Mult 1 254nm 4nmi
1 75+
100+ ‘
] 50+ “
s’of 251 Aripipazole ‘
X 14.91 min ‘:
) f \
1 I w\,ﬂ:\
™ _JL A ._)\"NMK_J—"—‘—\ o JW__ A i PN Y S —
———T 7T T T
¢ : L 15 x 5 ] . 10 15 2 % 2
min min
(A) Chromatogram of blank solution (B) Chromatogram of aripiprazole 400 pg/mL
mAU mAU
1004 PDA Multi 1 254nm,4nm PDA Multi 1 254nm,dnm
100
75 75
Aripipazole l
50 50 14.82 min ’
Aripipazole ‘
14.87 min ‘i ‘
2] | I 2 | ‘
I I I I !‘ I
i i N, i | _
o )wr\'», A S | G _N—»W/JL“"“ —— o JUL e T
T T T T T T T T T T T
0 5 10 15 20 2% 30 0 10 15 20 2% 30

(C) Chromatogram of aripiprazole 800 ug/mL

(D) Chromatogram of aripiprazole 1,200 pug/mL

UM 2 lsulaunsuvesansaiadeninuanailiiimen (A) uasliossfinslvanududy

400, 800, 1,200 lulAsn$a/Aaaans (B - D) finueninay 254 uilulns

Area Under Curve

400000

350000

300000

250000

200000

150000

100000

50000

0
0 200

400 600 800

y =309.67x - 22007

R? = 0.9989

1000 1200 1400

Concentration (mcg/ml)

JUN 3 namiumsgrunududuaisvetegiinsigaidudunsdutunnududy 100-1,200 lulasniyy/

Taaans Wwedaduusyansnisvinune (coefficient of determination, R2) 1infiu 0.9989
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1Ay 2.76+1.56% (agluta 0.6-0.65%) WarKans
NAFDUAMNULUGITENINTY (inter-day) WudAN
%RSD 1038 0.21+0.06% (9¢flutaa 0.13-0.29%)
nsnageuAINNaILIsatunIsanafigly
Fonlnuan (extraction recovery) Wawflsususen
uasguluansazaneiusiueadsiodnldiinisadn
warAndu 100% laA15asagnsnauAu (%Recove—
ry) vosieEne 3 Wadulade 43.90+2.37% (agflutiag
42.06-46.57%) Ineman1sinsizidievingluanie
WU (repeatability) Tviaunsiuglagsigsuee
1 %RSD LadY 2.51+2.21% (aglutasfl 0.19-4.58%)
4. MSNAFIUAUASENTNVDIBZINNT1 08
Tudenlnuan
dleneadeunnuasannmdanisvasudonln-
Langn 5 seunuTeyiinslvadning fusinaen
AUNRIWINTY 99.60-100.68% iawleufunauB-
usn MsfanuUszliunalaeidenaaniuionlnuas
fiflozafnslwaduszesnaiuu 90 unuidnues
nenmenmvesfenlnuandinsguslaniiouiu
nowwsexluyl 9 Adsaaiu lifigedv lunudnuae
fivsvenismsindes dlolnssimdiunaess-
AnslwanundslneNeuAuIuLsNNUINIUTINe1
ogluts 99.8-104.7% fauandlumsnedl 1

anUs1eHa
fsuazsans lwaludonlnuanlaeldadrunay

03 wulnenade, 9331 Aa

o

a Tuguuuudenlnuan

yoandlnlA welnld tmanseuaziadiuimseuld
pdsilanunsnilufisifusUieedosfiust 3 SAlH
vanegULuUnuidsiuiveslusunsunenfinmes
Ienanfamifinagusaazanuudefigumniivies og-
3finslvaiinuasdn A NITiaeNsnae 5 SoU
wasndaiuliung 90 Su nsusuiUasuUsinaEIu-
nanvansAlA welnlA tmanselansdndiuves
feazladiy eTRTEAAININ AUTIULAY
auduanarsiuly Fefdonndesiuil Afoakwa
LazANE (2007) nANTmsraeyazaneasLi o duia
vosdonlnuandziuogiusinnazauantivedu
TnlAuazdunandy q udRsnskauwaynIz U
msndn’” welnlAfisavuiileldusinagafiazvinli
Fonlnuanvy Usinanhmafiinaseauwinuluyin-
yonReniy dmuituugduasinalagnsee
Tassadadn 9 Aade sundn auautinislva wa

2627 qlapnansudanlnuanan—

savfvesdaninuan
1saUsuLUasuUsIadunanlilngliiinadonis
JuzUlddeiniosiiun 3 fAfornuidunaludes
dunaudoras Fafiuisunyldvainvats @wnse
UusaniuazodudallndiAeatuiifiaowsias
sespanmsldinetu maUssiiunan e swan T
Tufessulaglduszamdusiamuyfuusunues
Isang1uia eg1elsAansaindnludanalvdsiuiu
UINUBNIINAIUANAIUHANKEINITAIUANANNIN

NSEUIUNTHAALAYMARATNLS 3 TulzdasAnen

AN51991 1 SevazueanisaTIanvaysins lwandunuliuiu 30, 60 waz 90 Yu WasuiuTuwsn

sspzaTiy  SevazvasUBunansitinsivansmiadiedisuiuUiinanauEudu®
() Batch 1 Batch 2 Batch 3 1y Sd
0 100.0 100.0 100.0 100.0 0.0
30 100.1 99.7 99.7 99.8 0.3
60 104.6 104.7 104.7 104.7 0.1
90 103.2 102.8 102.9 103.0 0.2

* SpyavupalSunaessinslea = (USuamienluTuinagau x 100)/Usunasieluiusn
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asdnluguannazUsziliushoiadosiieviedsns
Fandete wu Auuds oduda savid anuite-
wola aaudAnislva maﬁuaqqmmﬁﬁamﬁﬁugﬂ
gy ANUAsANINTZEzEn) s

WS 3 SRfiudnnTIUaIBLUY M3
Henunlituivingusvasd dusuadosfusisuuuy
FwmuinnllunsAneiadedléiztadonlnuani

(%
v a

gnvilimatsieaufeuiiuiasuugiusuiuany

aa

fastudouduavauluden q auléiugy 3 37 udf
iwsesfiuiduuuuaglifldumunugumgifivhfiu
JadesUszanddenisnasufeninuanliviianeu
wéndvadlunszuenfiad  uAn S RuRELLYeq
sesiuidnlgfumaiiansfiuiuuu fused depo-
sition modeling (FOM) Aewiduleingiidesnsly
FurnuauSousuUasuaninliviinudsnse
aaﬂmmﬂﬁaﬂmﬁﬁﬁﬁummgtﬁﬂ f aauugmiaa%u—
1y Fadoutulues 9 aulddusuieing 3 T3
Wigudun1swauisSueysins e duluuiau-
Hanazanelutndewedesfiunt 3 2fves Lee uaz
AMNE (2022) aglEmAtianTSRUNLUY hot-melt ex—
trusion (HME) $hafunuu FOM vilsilgusiufidad
azarsuazUaosieldiniunuildudinIeuwuy
THansazae™ dwnsAnwIves Jamroz wagauy
(2018) wanedineyifinslvameniosiind 3 7
Tnglginalan sAunuy dual co-extrusion pro-
cess onsinduly 2 @y Wunilsfloz3inglvadn
b polylactic acid filifishen Jusalisiufy
vilidusidafiansnsamueunisUdessenls

a

N5NLATRINUNAULUUVIAFAIUAIUAN QNN

Y

ilinutgyminisivavesdenlnuanliainausuas
\nnsgasuiiuateviiiuilade Lipton (2017) uag
Godoi avAy (2016) les1euisegumgii

[

finadonmaudfnislnavesdeninuan neywadidy

]

YINIRUARTUFURRAIUANQUN NI AN B g

Y

32-33 paMwalBaUNgIUTBITUI (N ilvias)

29,30
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