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Effects of the program to promote food and water consumption behaviors
on the level serum phosphorus and interdialytic weight gain in patients with
end-stage renal disease undergoing hemodialysis in Nakhon Nayok Province
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'Master of Nursing Science (Adult and Gerontological Nursing), Faculty of Nursing, Srinakharinwirot University
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Abstract

This experimental study employed a two-group pretest and posttest design to evaluate
the impact of a behavioral promotion program on dietary and fluid consumption, serum
phosphorus levels, and intradialytic weight gain (IDWG) in end-stage renal disease (ESRD) patients
undergoing hemodialysis in Nakhon Nayok Province, Thailand. The sample comprised 60 ESRD
patients receiving treatment at three hemodialysis units: the Hemodialysis Unit three Hospital.
Participants were randomly assigned to the experimental group (n = 30) and the control group
(n = 30) based on criteria such as age, duration of hemodialysis treatment, and use of phosphorus-
binding medications. Data collection tools included a personal and clinical data record form,
a guidebook for food and fluid consumption in hemodialysis patients, and a behavioral promotion
program developed from literature reviews and evidence-based practices. Data were analyzed
using descriptive statistics, Chi-square, t-test, Mann-Whitney U test. Results showed that the
experimental group demonstrated significantly lower serum phosphorus levels compared to
the control group after the intervention (p=0.024). Intradialytic weight gain was significantly
lower in the experimental group than in the control group after the intervention (p<0.001).
Conclusion the behavioral promotion program for dietary and fluid intake was effective in
modifying health behaviors and in reducing serum phosphorus levels and interdialytic weight
gain to appropriate clinical ranges among ESRD patients undergoing hemodialysis.
Recommendations hemodialysis units should adopt this program as a standard practice for
promoting appropriate dietary and fluid intake among ESRD patients undergoing hemodialysis.
Continuous training on dietary and fluid management should be provided for nurses and
healthcare professionals to ensure sustainable and effective patient care.

Keywords: consumption behaviors; end-stage renal disease; hemodialysis; phosphorus;
interdialytic weight gain

Corresponding Author:

Jirawan Incoom

Department of Adult and Gerontological Nursing, Faculty of Nursing, Srinakharinwirot University

62 Village No.7, Rangsit-Nakhon Nayok Road, Ongkharak Sub-district, Ongkharak District, Nakhon Nayok
26120, Thailand

E-mail: jirawain@g.swu.ac.th

J Med Health Sci Vol.32 No.3 December 2025




unin

anunsaluaelsalaneszuzgaring
(End-stage renal disease) Suwnlduiunntu
lnganglulssmauauniinineideny Susanuas
WlengTusandedla’ dwmsuusemalngdnuiu
fhelamesvezgavneiivienidensersdedlaiie
5enINU WA, 2564-2565 ﬁ?wmuﬁﬂamﬁuﬁu
Wu 2 wih 970 24,837 au 10y 46,868 Aw’
N18NUETINNURANUTEAUFUAINLAF
wurldsnglunissnugdaeiinenidendae
wsadlaiienfiarldinendeusyann 200,000 Um
sonured dwalialidnvestasiaszima
lng5Iugaunnia 4-6 fiuauumset’

msUamaunulalunisinegdtelane
svezgavineiidennniianfie nsvienidonse
w3nsdlaifion (hemodialysis: HDY ilunisvhda
Shwisagiansnseweadeesnannaen Lagly
wdedlafieslumsaah uaseadssenanniiame
Vo’ ;:Jﬂw%éfaﬂL‘i’hm%’w%miﬁmamm
ﬁiﬁu‘imimﬂLﬁamﬁ’aaLﬂ‘éaﬂlmLﬁau%agﬂé’méﬁu
melulsmenuna Wieaauudnsidaliuinng
auaauiinngg Inedneruiaivdniidaay
Femgilunmsldieiedlaiion aoeliuinisgua
pADAsTELATIAUSNNS NMswendensieLA3es
Ioflenannsoan wazmunuesdunsaveadon
AnuauRavestiLazindousluT 1IN BLAT
szozamiainiu fUelaneszeraaineds
Sududeuniuudnsvendendianiosladion
sthatepdnmias 2-3 afs Tszoziadlunis
Wonidenurazafiunuussana 4-5 Falus’

Qﬂaaﬁr’ﬁw%’umsﬂaﬂLﬁamﬁamﬂ%ﬂlmﬁam
gnafnaEusIeY U MsAndelunstuaden
ARy nmearieddludongs arnslading
yaurranidsn A1lsunsngeuszuuiilanay
viaeaidon’ Waliannzunsndeusiiieasanynd
N3 vowdt vuamadlalunisguasnunues’

J Med Health Sci Vol.32 No.3 December 2025

ieanineinisiiutioudas wazdeafiangdy
TuN19Y11A9NITY @IHANTENUABNITANTITIN
faldielumssneiidiutu desonisianioe
yWNANIN uarn1T ATy’
mMzuvsngausiaszuunlalayianiden
Wunnzunsndeudinufususu 1 Tugvaelse
lameszorgainedinenidonsioindoslaiiion’
Lﬁmmﬂmﬂmzsuaaﬁu‘gﬂwaa@LS@@LLazayuﬁﬂa
vilwnlaviesastneln nanmzinladimainun’
nsfnuneumthil wud sesuneanealuden
Afintuimnuduiusiunsianzunsndeu
Isahlauaraendort warnsiistuwesimming
szneiuvlaniden (interdialytic weight gain) 1NN
Yavay 5.7 vosuhmingausi (dry weight) Tugfihe
lamesseramineiivendensoiedodlaiion’ fihe
Aflszaureanesaluidongs axlinnundesdiay
AeTinnnlsevilauasvaonfongiiuisionas 35
wazdmu sedueaneSaludenguesieduius
fumsiinduresdnsnissnvslulsmenuna
waEdNIIN1TRNY'°
Yadudrfniiieadasiusesueansda
Tuden warnswasuwlanimidndsewineu
Wonidenveslaelaneszezgavnedlauns
Wonidensewrdeslaifion Ae ngAnssunisuslaa
pmsuazthauildomngauestag” v
FruuliiosdinsdingAnssuiuussnuemnsiil
indelafiongs eimisUadniagy e1vsid
wWoaveTags 1y unth 16y wardundes uifin
nsiasunlamwessziunleanesaludeniay
dunusivengvesrUls 1913y wudn Ui
Aflergion fAug wazaiu1snAIuALAIS
Suusgmuevnsle wdiszduneanodaludons
Tngldidlofuusenuenduneaneda sedu
WoavleSalufonazanas lumanssiuduiidie
fe¥ouay 74 TlUSuUsTmueImLLILANSNY
wazdngAnssun1suusenuemsuaziiay




Timanzausiuie dwalvszaurleanedadluion
maa;ﬁﬂwqq?ﬁu” naifisduesimiindaseming
Jurlenidoniiinanonsiinnzunsndoudinan
Frowtuiu flheasdameiuiulusenie widn
dndn wilumelaluazain ldaunsaviiaing
Usziiuldl dosilanngjquauazasounia denals
AeasumendeansufivuaIadaang

nssufaussausvewuealuladud ey
Tunsdaasuliguasdanudeiuluanssous
puLesTiazmuANNgAnTIuNITUsnAeMIUaL
vpa mslimusnudieudludionadamluns
UftRuazliteyaioundy ilefmuinueuas
ahaaSuusraunsainisiuy Sansiulaluns
UjtRngAnssuegnseieasaufunisatiuayu
msdsnnvesnsoundfinesatuayy ridsle
uAnnsAsuuUamginssunisuilane1ms
wazhu fUFTRNgAnTTHAIUANNITUTLNA
pnsuathALogselion dreduasulifgine
fnaunnTinuaziinadnsnisndindia snsinsg
s9%Ange mnudssnsiAnlsAunsndeuanas”
40AAS DI UNTOULUIAANG B NITTUTAUTIAUL
YoIrULes Y8 FaLdsn Luugs (1977) Fananni
yanaazdamndevieiulaiauesannsnu o
wAnsufidensaulszaunadnia Wesudi
waAnssufuf Rzl Ugnadnsidosnns uaz
\lonnasafiangAnssuauussquadada
Humsnsgyidenues yanatuasduualiuly
nsUfTRnnRnssatuetiwiaidas nisataada
Tiyanaiinudeluamuansanuiesiiviy
anu1saaniiuly 4 wwInig Ae wlsuaniie
A1U319N18Lare1sual (emotional arousal)
nsldifuiuuuniedszaunisalvesydu
(vicarious experience) n15a3sUszaunisali
Uszaumnudnsameniuied (mastery experience)
wazn13tnganIeAn (verbal persuasion)'’ uag

dnAaDINUNIIANYIYeY Salar LazAny (2018)
WU nsfuiauannsavesnueudulady
fdglunsdaasulifuaslaneszsozaniied
wanideadeiaeslaiioy dn1sWdsuuvas
wAnssINTMUANE WS TFINsUF TR
Wanng'
PNFBNUIUgUANvesaudlaiiealy
Jaiauaswien Uw.a. 2567 TauiugUaglang
syozaavneiinanidendioindoslafivuianun
323 578 58139U W.A. 2566-2567 {Ueiinnnae
wsndeu fnmzivhulen Sevay 20.25-30.12
seauvloavieSaluifionas Sevar 8.9-10.11 sediu
TWunadesluidongsiovas 2.6-4.5 gUaediin
AmzunIndeuazgndsinindeilsmetuia
ANGYIUMINGITY InT1zAonwIlaelnng
Hifemgy desueusnuiililsmenua fidldae
iuﬂwi%’ﬂmqﬁu Aearanaiinngywmanm
Sunmedundin anmsasuniudesiuriae
wieniginssumsuslnpewnsuaehlsivinzay
Aadsziuneanealuiden 5.5-6 dadnfu/
1WFans wazAnadsnsUAsuLani Mg
seniiuronidan (IDWG) 3.0-3.5 Alansy
nilymfiingu son1sUsungAnIsy
msuilnnewnauastlugithelanessezanine
Anlonidoadieindadlaiisuluiminuasunen
desnunszsuneaviealuden uazmadeunag
thuiinghsswrneiumenidenlsivansa fieann e
unsndou snsinsusulsamevialuszezenle
Fvhnsfnwlaefiinguszasd LileAnwmaues
IUiLmi:ueiqLﬁ%quaﬂﬁmmiﬁimmmﬂmxﬁ’lﬂ
fnarderadesziunoaeialudenuazaiade
nsdsuudasimindisendneTuneniden
(IDWG) S$MINNGUNnaeLaenauaIuauvadlasy
IUiLmimiaLeﬁquaﬂismmiﬁiﬂﬂmmmamfw
Tuiihelmeszozgeineiiendenseisdodlaies

J Med Health Sci Vol.32 No.3 December 2025




ABn1sfnen
nsfnwiadsiifunuifevdanaaes
(experimental study) wuueaenay Janeuuay
naalasulusunsy (two groups pretest and
posttest design) ATeillasunssusesann
ANIENITUNTTEETIUNMTITelUNYYE WTinende
FruASUNTILaal lawil SWUEC-673032 wagleisu
aug Il FIdelulsane uannggienis
Tssmenuraths 3 wis Tuderfauasunen
nauseg fe ftheiinnglanesves
anvheivonidendeiniedlaiioniidiiniums
ShwsgnhafeununIius 9 wweu we. 2568
$wau 60 au wiadunquneass 30 AU way
nguAUAN 30 AL duthedhsumsinu fuduns
ws ans Junguatuau uaviudinns woiaud
wnsvseendind \unduveas Wnefiinasidnidon
ndufpEns (inclusion criteria) el 1) githeleme
srevgavneilenidonieiniaslaiion 01y 18 7
Juld wardfpuatiogordodetuduandnly
ATOUATI @11503R0 NS WAz Timasla
atfuayu MemuANME LS WNIWAY Ve
nausegns 2) ldsumsrlanidensneiedadlaifioy
w1 3 euuly vieniden 3 aSy/duami 3) lilinne
avpadion (Uszdiu MMSE Tugitheengsnnni 607)
Lddutlesuusdlunnzinga luddnds ladu
Lsadman WiouszIRdulsndn 4) anansaviiaing
UsgdFulamemuiad (ADL = 12 Azww) 5) d13130
foansnenunilve uoathuuaslFuta 6) Ty
fianusofnsodeuniuuazd line application
7) Bugendnsmmsfinuiide ielvingusoen
AMEARTUIITUATENINNGUMEY 918 TEULIaN
AlFsunsrenidendoiniedlaiion waze1dy
wloamea Tinausinisdnesn exclusion criteria) fil
1) Tfannsnidrsamfanssuldnaonnalasenis
2) fhedesuaulsmeuiannnsiiutiedngs/

J Med Health Sci Vol.32 No.3 December 2025

andu 3) flhedeTin 4) ususudeyalinsy
5) fUawnaufi19anINATNIS
w3esilofldlusuide Usznoudae
1) inFeslefliiusausndeya loun uwuutudin
JayadiuyAnauaztayan1siivylevel Uiy
fanwatuuunsindeunens Useneume Jeya
WA D18 ANEUT ANIUANANTA SEAUNISANY)
913w s1wldadevesnseuaid anBnnsine
Tsausedndi sepznavienidenseieiodlaiion
grdueanefaiiuuseu foua 2) 3eaile
Mdlunsmeans 2.1) TUsunsuduaTunginssy
nsuilnmommsuaziin Huypiansauiiloduady
mssufaussauraues Tunsmuue AL
voafihelsalaneszezgavinefivonidendie
wdoslaion GeidoRmuituainnseunuifn
NN3TUTANTIOULTDINULEY VB9 BaLTTH wuun
(1977)" NINUMILITTUNTTULASVEANFINO 1B
Feusedny 2.2) giienisuilaneimisuazi
dmsugUaglaneszozgavineiinenidendae
iwdadlafion fannmnanglonisguagitaelaneg
spzgavnenauaulsalauiaUsemelng Y
WA, 2565° UT¥NBUNUNILITIUNTTULSANG U
$eBadaszdng 3) inesdleflddansos loun
wuUUTELiU Bathel Activity of Daily Living : ADL
uazuUUUsEEuAIvaLesidon MMSE-Thai 1y
Reslofanseuazyseiliugunmigeeny Savilag
ANENTIIMSHANSEUUUSMSAUA MR gL
MIUATEELEM NTENTHAS TGV ) Ledadile
Aldiiunimeaes ldun indestiominermans
Jugunsaldmdunisussifiunianienin
wdastsimingvasneunasvdaenidendae
iwseslaifion domsianleanesalusziuiden
HuirsesmnamaiesfiRnsiniunsmseaey
ANANANLLINTFIUTRLTINE U AU TSN
NNUTIE T uaranatuinnsulszny




p1manaz Wuayetufinewsluusariled
Sutssmunaetufinnishiuth madudaanigly
24 3l e T U NN SMUYNL TN T
WAZMaNgIUO9BNTIWTEINY ATINEURANA N
\n3osflomsidsiugmnssnand 3 vinu leun
orgsunndlsala nervragiderviglaiion
o1sdnenadmgsEuUMaAuiaas uas
maRvanugennasd (index of item objective
congruence: 100) §ivifu 0.90 naaeurLdesiy
seninaEUseiily (inter-rater reliability: IRR)
eaziBunvenaiasiefimenudesiu ihdoya
snAndansyAvsandiniusaeludy (ntra-class
correlation: ICC) lowinfiu 0.80

msfnwldhnmemunudoya lasms
drmundusethailetuasfentunisidunside
Jnqusrasd Uszlewd mnuides uumsteaiu
Ranssuiieathsam Wealemdlvinguseesdnam
Toasds FevernuBuseumdniinguiiegig
auINBuEaNISEUTRELEY LNUTIUTINTBYA
dauumnauardoyanisiiutie szauleanea
Tuidon uaznindsuntasiminiaszning
Tunenidenvessthe tanguvaaeiiniunsidy
TUBINS NYWAUR 1a5130017INE uaznauAIUAY
W15 JuTuns ws wazAnd MsAuAangIy
agsiluieaisinmeenoudifuuiniseniden
\Huanuifeuas uazuensenainviesoniden
5¥8219a1N19805UAINTTUUI 4 FUaA
daviax 2 ada savun 7 ads (afaay 30-40 W)
Jufanssungu nquaz 2-4 au

J Med Health Sci Vol.32 No.3 December 2025




nsadiufanssulungunaass

dUawi  Aanssu szemoan Anquszaed

SNgazBeANINTIY

famin 1 AsaN 1 30wdl  SuusepelalunisuSungiingsu
wazAaUmungsI

Sinneinarieaniedahmiingssrngiurlaniden
Fadmnesaufu’ wavasuiinluwuutudin
apaU VDO fthefilsvaumnudiialunsaugu
21913UazUN Wazwe contact line

o)
Aee
=)
N

30wl eliheusziguanlanisuslan
21suavin lngaseEussaugan
Uszaunisal

Wi 2 AsN 1 30w SeuFIINFULUULAESEUZ N
Usgaunisalvinudu

“Immmsmsmmum/mms Hnidenuy”? 4 a9

it i]am'a“"’ ‘s‘]ﬂuumﬂmama Wsaﬂ‘wmaﬂ,’«a

wanideuuszaunisal® Enauguemnsuagin
astiudin waglimaslagiie/daua

AT 2 30w nazduliiAnUsyaunisaliszay
Anudnsaansdusuuluady
VDO

Fawi 3 A 1 30 wF aseaussauzanUszaunsain
Uszauanudusa

Ansnaduiineu line uazAudlaien gadu VDO
wmwlwsvaummmLﬁﬁ]’Lumsmmmmmi
waEnSANIN IwmwmLiaqmuavmiwgmaam
mamsmlmmsu LLaﬂLUaEmLSEJu5ﬂ’1‘§iUUi“VHu
95 81 NPT Lwamumulumsmum

numumving fAnmumsufin Welenadnaiu
uAteym Tandsla

Qe

A% 2 30 w9 ansUssaunseUsTauALdSe

dUamin 4 asan 1 30wl duasuliifnaussausuasujun
RUENELRIGN

Ansnunstuiiniiu line numuthvisng aduayu
waglvinaala

a o = a ~ v
Annunstuiinfiaudladiey waznnsasdeyalu
wuuTuAn Fuvy Timadda Walenalidnany

Qe

AT 2 15w agulassnsuaslaianssy

asuianssy Wanu- Aoy suaUﬂmmszmm La
ummmmmaﬂaaWasa/mwunmsmamuWanLaam
Tuduanvidaly

nsadufanssulungualuny

fUani  fanssu  sTeziaan

sgazdenAnanTY

AN 1 A 1 30 wil mmumﬂsﬁmmﬂﬂmamusﬂm Fnanudeymn LLawiwﬂawuiLﬂﬂan‘umiuﬂmmm'ﬁ

LLa”‘U’]

AUPN 2 @S 1 30 w9 wuziinsAudneuUSHaUEEY LaYNUNINANITRNSNGRY

= a v - ) i 44
AN 2 15 um NUMIUAIUILITINTIANUN Feptlaane wazimtnszinsweniden

MW 3 Al 30udl vumuanuiasineu dnanudamn guassalunisulane msuazul

MW 4 As 1 30udl agUnananTsu veuRndlinT I waznRnnamavleaesaAhvindsE e Tuneniden

Tudumsidaly

J Med Health Sci Vol.32 No.3 December 2025




msﬁﬂwﬁﬁaﬂ%’jﬁ%Lﬂswzﬁagamuqﬂﬂa
voufuae Tagldadianssaur ldun ainud
(frequency) 598a¥ (percentage) ALade (mean)
LLazﬁauLﬁmwummgm (standard deviation)
USHUIEUAULANF RARANYEYBIUARRTEITIN
NAUNARDILANFUAIUANAILANR Chi-square
test, Fisher’s exact test 1USeulfiuaaasszsiu
Woarledaludon uazAadonisildsuulas
ihuindsgnineunoniden (IDWG) sening
NAUNINGBY kazNEUAIUANTAILASUTUSUNTUALEY
ngAinssumsuilnrownauazi fnsnszaeves
ToyaluiluldaunAddldadifiveunisniunin fe
Mann - Whitney U test

HaNISANYI

1. dayamlunazqudnynzvangy
Aa819

nquegvdulngdunamdgs Sovaz
53 uazdovay 60 TUNGUNAABILALNFUAIUAL
Audfu nqunnassdiongiade 55.23 3

(SD=11.19) uae 57.92 ¥ (SD=10.87) lungumiuas
nauneaBsilan U INaNTaTosaY 76.67 Uay
Joway 86.67 lunquAiuny Feuar 40 8l
naunaassLazngualIuAuinisfnulusesdu
Uszaufnwuasseaudiseudng) audiu Sevas
53.33 Y0angunaaslansnissnvuinguniy/
$Tiamna uazseuay 46.67 YBINFUAIUAY
Tansnsnw avay. wazidnswns/5g3amna
nqunaaesiisieldiade 9,450 vn/iioy
(SD=7,387.11) wagngualruauiisieldiode
9,174 UW/Wfiau (SD=8,357.31) Sxeviiafilasy
nsvenidendieiadedlaiisungunaaoiuay
nauauadLlngjaglugae 1-5 U Anlufesas
6333 whiu dnnuendurleanesaniiuusemu
NUIN NGUNARRILATNANAIUANTUUTYNIUENTY
Woanosadiuiu 1 vlle Wudlvg Amdu
Youay 50 WlenlFsuniisuruuanenadnua
HUUARAAINANITENINNGUNAABIUAL NENAITUAN
WU lflanuusnansiuegelidudAgniseda
(p>0.05) MwaziBendinseil 1 (Table 1)

Table 1 Comparison of demographic data between the control and experimental groups (n=60)

Demographic data Control group (n=30) Experimental group (n=30) x? p-value
n(%) n(%)
Gender 0.067° 0.796
Male 12 (40.00) 14 (47.00)
Female 18 (60.00) 16 (53.00)
Age (years) 0.190° 1.000
<60 18 (60.00) 19 (63.34)
60-69 8 (26.67) 7 (23.33)
70-79 4(13.33) 4(13.33)
Mean+SD 57.93 (SD 10.87) 55.23 (SD 11.19) 1.25(t) 0.190
Marital status 0.506" 0.253
Single 4(13.33) 7(23.33)
Married 26 (86.67) 23 (76.67)
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Table 1 Continued

Demographic data Control group (n=30) Experimental group (n=30) X? p-value
n(%) n(%)
Education 0.292° 0.864

Primary school 10 (33.33) 12 (40.00)

Secondary school 12 (40.00) 11 (36.67)

Diploma/bachelor’s 8 (26.67) 7 (23.33)

degree
Healthcare coverage 1.459° 0.453

Universal coverage 14 (46.66) 10 (33.33)

Comptroller 14 (46.66) 16 (53.33)

general’s department

or state enterprise

officer
Average income (THB) 9,450 (SD=8,357) 9,176 (SD=7,387) 0.134(t) 0.894
Mean+SD
Average of dialysis 1.009" 1.000
duration (years)

155 19 (63.33) 19 (63.33)

6-10 11 (36.67) 10 (33.34)

>10 0 1(3.33)

Mean+SD 5.03 (SD=1.98) 5.01 (SD=3.86) 0.025(t) 0.980
Medication of 1.429° 0.535
phosphate binders

1 type 15 (50.00) 15 (50.00)

2 types 12 (40.00) 9 (30.00)

3 types 3(10.00) 6 (20.00)

a=Chi-square test, b=Fisher’s exact test
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9ediA (p=0.028) Meazsduafansadi 2 (Table 2)

Table 2 Comparison of the average of serum phosphorus levels between the control and

experimental groups before and after receiving the program

Mean (SD)

Average of serum phosphorus levels Median (min-max) z p-value
5.08 (1.02) -0.623 0.629
Experimental group
Before receiving 5.1(2.8-7.0)
the program 4.86 (1.18)
Control group
4.9 (2.3-6.5)
4.18 (0.73) -1.976 0.024
Experimental group
After receiving 4.50 (3.0-5.5)
the program 4.58 (0.69)
Control group
4.50 (3.2-5.5)
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Table 3 Comparison of the average of interdialytic weight gain between the control and

experimental groups before and after receiving the program

. s . . Mean (SD)
Average of interdialytic weight gain . . z p-value
Median (min-max)
2.94 (0.52) -0.133 0.449
Experimental group
Before receiving the 2.93(1.9-3.9)
program 2.95(0.71)
Control group
3.01 (1.5-4.5)
1.83(0.37) -5.769 <0.001
Experimental group
After receiving the 1.83 (1.2-2.7)
program 2.71 (0.45)
Control group
2.61 (1.9-4.0)
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The effect of nurse-driven ventilation weaning program with social support
on the success rate and duration of weaning from ventilators
in critically ill medical patients
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Abstract

This study is quasi-experimental research using a two-group post-test design aimed at
investicating the effects of a professional nurse-led weaning program combined with social
support on the success rate and duration of ventilator weaning in critically ill medical patients.
The sample included 60 critically ill medical patients who had undergone tracheal intubation
and were on mechanical ventilation in a medical intensive care unit. They were divided into
an experimental group and a control group, 30 patients each. The control group data were
retrospectively reviewed from medical records of patients who received standard weaning care
between December 2024 and January 2025. The experimental group received a ventilator
weaning program developed based on the framework of the American Association of Critical-Care
and social support based on the social support theory of Thoits. The sample was selected
according to inclusion criteria and matched the control and experimental groups by age, gender,
and physiological severity level (APACHE Il Score). Data were collected using a personal information
form, pre-weaning readiness assessment form, ventilator weaning success assessment form and
weaning social support activities assessment form for relatives. The content validity was checked
by 3 experts. Descriptive statistics, including frequency, percentage, mean, and standard deviation,
were used. The difference in weaning success rate was compared with Chi-square test and the
difference in weaning time after using the program compared with usual care was compared
with the independent t-test. The results showed that the experimental group had a significantly
higher ventilator weaning success rate (96.67 %) than the control group (70.00 %) (p=0.006) and
had a statistically significant shorter mean duration of weaning (17.71 hours) than the control
group (125.62 hours) (p<0.001). Therefore, the medical intensive care unit should implement a
nurse-driven ventilation weaning program with social support, train and monitor and evaluate
nurses’ use of these guidelines to enhance weaning success and reduce weaning duration.

Keywords: ventilator weaning program; social support; critically ill medical patients; weaning
success rate; weaning duration
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NANISANYI
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1.1 Wisuiisudayadiuyanangy
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AUAY
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Table 1 Comparison of demographic data between experimental group and the control groups

(n=60)
Demographic data Experimental group Control group
n (%) n (%)
Gender
Female 12 (40.00) 12 (40.00)
Male 18 (60.00) 18 (60.00)
Age (years)
<60 10 (33.33) 10 (33.33)
60-69 4(13.34) 4 (13.34)
70-79 9 (30.00) 6 (20.00)
>80 7 (23.33) 10 (33.33)
Mean+SD 66.26+15.81 65.73£19.97
Median (Min, Max) 70 (30,86) 68 (23,93)
Diagnosis
Sepsis/septic shock 6 (20.00) 7(23.33)
Pneumonia/COPD 13 (43.33) 13 (43.33)
Hematological disease 5(16.67) 5(16.67)
Other 6 (20.00) 5(16.67)
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Table 1 Continued

Demographic data Experimental group Control group
n (%) n (%)
Co-morbidities

None 4 (13.30) 4 (13.30)
Present 26 (86.70) 26 (86.70)
Cardiovascular system 9 (34.62) 6 (24.00)
Endocrine and immune system 6 (23.08) 0 (0.00)
Other 1 (3.85) 6 (24.00)
Multiple systems 10 (38.45) 13 (52.00)

Severity of illness

Moderate level 30 (100.00) 30 (100.00)
Score of APACHE I score

Mean+SD 21.70+1.84 20.90+2.09

1.2 Yoyadiuyananguisegnaiiiy  wwizmdingn wazmsdnsmeusIkaTRIUNS
WEIIUIBIYIIN Uspilupnsinasivii e 1eazBondnnane 2
foyadruyanavameuIaindn fil  (Table 2)
Wi 918 Usaunisalnisvineiy ICU nseusy

Table 2 Demographic data of register nurses (n=15)

Demographic data n (%)

Gender

Female 13 (86.67)

Male 2(13.33)
Age (years)

22-25 5(33.33)

26-30 4 (26.67)

31-35 5(33.33)

36-40 1(6.67)

Mean+SD 28.00+4.40
Marital status 28.00+4.40

Single 13 (86.67)

Married 2(13.33)
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Table 2 Continued

Demographic data n (%)

ICU work experience (years)

<1

2 (13.33)
13 6 (40.00)
4-6 2 (13.33)
>7 5 (33.34)
Mean+SD 5.26+4.06
Critical care nursing training
Received training 4 (26.67)
Not trained 11 (73.33)
Attending the training program
Pass 15 (100.00)
1.3 doyadauyanavasgrfguaely  dwlvgidunands danuduiusiugvaedu
NGUNARABA Uns/3A1 wazaingsen eaziduadauansly

adghendninddusulumahiongsy 915199 3 (Table 3)
wazatuayugUlslunisvgaIesrieniegla

Table 3 Demographic data of patient’s relatives (n=30)

Demographic data Social support

n (%)
Gender
Female 19 (63.33)
Male 11 (36.67)
Relationship
Son/Daughter 12 (40.00)
Husband/Wife 9 (30.00)
Sibling 3 (10.00)
Father/Mother 2 (6.67)
Nephew 2 (6.67)
Uncle/Aunt 1(3.33)
Other (Employer) 1(3.33)
Number of activity times
1 time 15 (50.00)
2 times 10 (33.33)
3 times 5(16.67)

24 J Med Health Sci Vol.32 No.3 December 2025




Aauil 2 Wisuiisudnsiaudianisvegn
in3aetrevelaszninangunaas (n=30) uaz
nauAuUAYN (N=30)

NaRUNTUIUTUNTUY HANITIATIEN
WuIngunaaelidnsinudnianisuegn

1%

iwwsesthemelaginingualuanesiiduddsy

o
a

V19887 p=0.006 WaRKANTIATIERRINTWT 4
(Table 4)

Table 4 Comparison of the success rate of weaning from ventilator between the experimental

and control groups after participating in the program

Ventilator weaning results Experimental group (n=30) Control group (n=30) p-value
n (%) n (%)
Success 29 (96.67) 21 (70.00) 0.006
Not success 1(3.33) 9 (30.00)

a = Fisher’s Exact test

nauil 3 Wisuiisuszezinanlunisuga
\3esdeuela szudnangunaass (n=30)
wazNguAUAN (n=30)

KAl IvinuImadlasulsunsuy
nasmnaes Sizezaiadglumsveeiesthemela

(Mean = 17.71 + 14.48 hours) duninguauaa
(Mean = 125.62 + 119.98 hours) ag13iltiadfigy
VSERAT p<0.001 WARIKANTIAT IR 5
(Table 5)

Table 5 Comparison of duration of weaning from ventilator between the experimental and

control groups after participating in the program

Sample group Mean+SD p-value
(n=60) (hours)
Experimental groups (n=30) 17.71+14.88 <0.001

Control groups (n=30)

125.62+119.98
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Optimal admission NT-proBNP cutoff value for predicting in-hospital mortality

in patients with acute heart failure

Natthawat Aranyawat, Kanavut Baiphukthong
Department of Internal Medicine, Nopparat Rajathanee Hospital

Abstract

Previous research has demonstrated the relationship between NT-proBNP levels and
mortality risk in heart failure patients, and optimal cutoff values have been established for
mortality prediction. However, these cutoff values vary among different ethnic populations.
This single-center study therefore aims to investigate the relationship between admission
NT-proBNP levels and the risk of in-hospital mortality, and to determine the optimal cutoff
value for predicting mortality among patients with acute heart failure at Nopparat Rajathanee
Hospital. This retrospective study was conducted by recording admission NT-proBNP levels and
other baseline clinical characteristics from medical records of 88 acute heart failure patients
(44 deceased, 44 survived) admitted to Nopparat Rajathanee Hospital. The study results showed
that the median NT-proBNP levels in patients who died were significantly higher than those
who survived (28,197 and 2,648 pg/mL respectively, p=0.001), and found that elevated
NT-proBNP levels were significantly associated with increased risk of mortality (adjusted OR
1.046 [95% Cl: 1.016-1.077], p=0.002). The optimal cutoff value of admission NT-proBNP for
predicting in-hospital mortality was 9,020 pg/mL (sensitivity 81.8%, specificity 97.7%, negative
predictive value 84.3%, and positive predictive value 97.3%) with an overall test accuracy of
89.8%. This study demonstrates that admission NT-proBNP levels are significantly associated
with in-hospital mortality risk, and the cutoff value of admission NT-proBNP at 9,020 pg/mL is
a reliable and useful parameter for assessing the risk of in-hospital mortality in patients with

acute heart failure. However, it should be considered in conjunction with other clinical indicators.
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Table 1 Baseline clinical characteristics of patients diagnosed with acute heart failure

Baseline clinical characteristics All patients Surviving patients Non-surviving p-value*
(n=88) (n=44) patients (n=44)
Admission clinical data
Age, years, mean+SD 65.8+18.0 61.6+17.1 70.1+18.0 0.016
Male sex 51 (58.0) 30 (68.2) 21 (47.7) 0.052
NT-proBNP, pg/mL, median 5,933 (2,589-28,378) 2,648 (1,153-5,160) 28,197 (13,300-35,000)  0.001
(IQR)
MAP, mmHg, median (IQR) 90.3 (75.4-112.3) 99.8 (81.0-118.7) 80.3 (73.3-102.0) 0.012
High blood pressure 36 (40.9) 24 (54.5) 12 (27.3) 0.009
(> 140/90 mmHg)
Low blood pressure 24 (27.3) 8(18.2) 16 (36.4) 0.056
(< 90/60 mmHg)
Heart rate, bpm, median (IQR) ~ 101.0 (82.7-113.7)  100.0 (82.0-112.0) 102.5 (85.3-116.3) 0.468
Tachycardia 46 (52.3) 22 (50.0) 24 (54.5) 0.669
Atrial fibrillation 22 (25.0) 14 (31.8) 8(18.2) 0.140
Acute coronary syndrome 18 (20.5) 7(15.9) 11 (25.0) 0.290
During Hospitalization
ARF requiring MV 28 (31.8) 2 (4.5) 26 (59.1) 0.001
Underlying disease
Ischemic heart disease 29 (33.0) 7(15.9) 22 (50.0) 0.001
Chronic kidney disease 30 (34.1) 8(18.2) 22 (50.0) 0.002
Chronic heart failure 55 (62.5) 23 (52.3) 32 (72.7) 0.048
Atrial fibrillation 19 (21.6) 12 (27.3) 7(15.9) 0.195
Valvular heart disease 8(9.1) 3(6.8) 5(11.4) 0.458
Diabetes mellitus 40 (45.5) 16 (36.4) 24 (54.5) 0.087
Hypertension 63 (71.6) 28 (63.6) 35 (79.5) 0.098
Symptoms
Dyspnea at rest 87 (98.9) 43 (97.7) 44 (100.0) 0.315
Orthopnea 77 (87.5) 40 (90.9) 37 (84.1) 0.334
Nocturnal paroxysmal dyspnea 46 (52.3) 26 (59.1) 20 (45.5) 0.200
Signs
Edema 48 (54.5) 22 (50.0) 26 (59.1) 0.392
Lung crackles 74 (84.1) 35 (79.5) 39 (88.6) 0.244

Data are presented as n (%) unless otherwise specified; * = Comparing between surviving patients versus non-surviving
patients; MAP = Mean Arterial Pressure; ARF requiring MV = Acute respiratory failure requiring mechanical ventilation
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Table 2 Univariate and multivariate logistic regression analysis of variables influencing mortality

Univariate analysis

Multivariate analysis

Variable

COR (95% ClI) p-value AOR (95% CI) p-value
Age 1.028 (1.003-1.054) 0.028% 0.958 (0.886-1.036) 0.283
Sex 2.347 (0.986-5.587) 0.054
NT-proBNP 1.032 (1.015-1.049) <0.001 1.046 (1.016-1.077) 0.002*
MAP 0.985 (0.968-1.002) 0.082
High blood pressure 0.313 (0.128-0.761) 0.010* 0.772 (0.065-9.135) 0.837
Low blood pressure 2.571 (0.963-6.865) 0.059
Heart rate 1.005 (0.987-1.023) 0.606
Tachycardia 1.200 (0.519-2.773) 0.670
Atrial fibrillation 0.417 (0.149-1.165) 0.095
Acute coronary syndrome 1.762 (0.612-5.073) 0.294
ARF requiring MV 30.333 (6.499-141.573) <0.001 265.978 (8.416-8,406.380) 0.002*
Ischemic heart disease 2.280 (0.921-5.644) 0.075
Chronic kidney disease 4.500 (1.710-11.841) 0.002% 0.192 (0.006-5.852) 0.344
Chronic heart failure 2.435 (1.001-5.922) 0.050* 0.839 (0.069-10.144) 0.890
Valvular heart disease 1.752 (0.392-7.829) 0.463
Diabetes mellitus 2.100 (0.894-4.933) 0.089
Hypertension 2.222 (0.854-5.780) 0.102

* = Significant (p<0.05); COR = Crude Odds Ratio; AOR = Adjusted Odds Ratio; MAP = Mean Arterial Pressure;
ARF requiring MV = Acute respiratory failure requiring mechanical ventilation
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Table 3 Receiver operating characteristic (ROC) analysis results

Parameter

Value

Area under ROC curve
95% Confidence interval
Cutoff value

Sensitivity

Specificity

p-value

0.945
0.875 to 0.982
>9,020
81.80%
97.70%
0.001

Table 4 Sensitivity, Specificity, PPV, NPV, Accuracy at various cutoff values

NT-proBNP Sensitivity % Specificity % Positive Negative Accuracy %
[95%Cl] [95%Cl] predictive value % predictive value %
[95%Cl] [95%Cl]
>3,739 93.2 [85.7-106.0] 68.2 [54.4-81.9] 74.5 [63.0-86.1] 91.9 [81.1-107.0] 80.7
>5,589 84.1 [73.3-94.9] 79.5[67.6-91.4] 80.4 [68.9-91.9] 83.3 [72.1-94.6] 81.8
>7,817 84.1 [73.3-94.9] 90.9 [82.4-99.4] 90.2 [81.2-99.3] 85.1 [74.9-95.3] 87.5
>9,020 81.8 [70.4-93.2] 97.7 [93.3-102.0] 97.3 [92.1-103.0] 84.3 [74.3-94.3] 89.8
>12,884 75.0 [62.2-84.8] 97.7 [93.3-102.0] 97.1[91.3-103.0] 79.6 [68.9-90.4] 86.4
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Figure 1 ROC curve of NT-proBNP for in-hospital mortality prediction
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Microalbuminuria and associated factors in type 2 diabetes patients

at Phrayuen hospital, Khon Kaen province

Pattanan Rattanathara’, Niracha Somyaz, Monpat Chamnanphon’®
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*Department of Pathology, Faculty of Medicine, Srinakharinwirot University

Abstract

Diabetes mellitus is a non-communicable disease with a steadily increasing prevalence
worldwide and is a major cause of complications in multiple organ systems, especially chronic
kidney disease (CKD), which significantly impacts patients’ quality of life and imposes a burden
on public health systems. This study aimed to assess the prevalence and trends of proteinuria
in type 2 diabetes patients using the urine albumin-to-creatinine ratio (UACR) and dipstick urine
test results from retrospective medical records of 499 patients attending Phrayuen hospital,
Khon Kaen province, between 2022 and 2024. This descriptive cross-sectional study involved
mostly female patients (64.93%) with a median age of 61 years (IQR: 55-68). The analysis revealed
that 31.26% had abnormal UACR levels (=30 mg/g Cr). Median UACR increased significantly from
10 meg/g Cr in 2022 and 2023 to 20 mg/g Cr in 2024 (p<0.001). Factors significantly associated
with abnormal UACR included male gender (OR=2.09, p<0.001), HbA1c >7.0% (OR=1.66, p=0.044),
and elevated serum creatinine (OR=1.89, p=0.003). Although systolic blood pressure tended to
increase with abnormal UACR, it was not statistically significant (p=0.079). Other variables such
as age, body mass index, smoking status, diabetes duration, blood lipid levels, and estimated
glomerular filtration rate (eGFR) showed no significant associations. Logistic regression identified
male gender, high HbAlc, and elevated serum creatinine as important predictors of early-stage
kidney damage. The findings emphasize the importance of regular UACR screening, especially
in rural or regional type 2 diabetes populations, to facilitate effective planning and prevention

of chronic kidney disease at the community level.

Keywords: type 2 diabetes; chronic kidney disease; microalbuminuria; urine albumin-to-creatinine

ratio; screening
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NARRYIN (descriptive cross-sectional study)
Tnegliteyannnusuidou ileUsuifiumnuynues
aglulasdaylivysouasAnwinuduiug
wqumwﬁménﬁ’ui‘]aé’aLﬁaﬂuﬁﬂwmmm
M3957930A1 UACR daduiedestlondnlunis

Uszlunnglulasdayluyse dediodudiue

adyveanmizladeslusozisudu msdnwuiy
mafudeyaangihowmmilddumsdaidon
munaeilulsaneruianseiu lnednszideya
Aldnnsmsameeadnuagiesufoing st
mnszidadidesiiiirtos ievhanmiile
nalnueanngladeslusyezisudy uazatiuayy
msassesdmmTiansnsa U lums U
Anuides uagnausumstesiunnglamelugithe
Wy nanideildaseatiuayuuuimi
NIATIIAANTDY WAz siansyUasumly
seezsudue iUy AviEnm wiewaneuides
somaAnalaidosluszeren uasthvanmsy
AT LLavquﬂmmwmmammaﬂ,mmu
fiAeatos maddediidumsuuiiuguvestoya
funefitudinliluszuulsmenuna Toglsuns

NS AR YTRINNAULATIUNITITUETTY
n19398lunywdvesdrinauasisuavdinin
YBULAL NTENTNES1TUAY 1avTlATINTITY
REC 079/2567 wagmilafian1sinwiniiuau
wazanududiusvosdeyadtag Foyarimun
Isunsdnnisludnungilianunsnssysfmld
(de-identified data) waziimInsIREBUANUATUNY
gnsieavesteya (data validation) lne3de
nsiusuTndeyasiiiunislaglinsenuse
mMe3nw warliifiumnuidedan defihe uas
Woannidunsfinundeyafifieguén e fuussiu
AL dedovesdeyaiiiiusiusiudounds
ALK lAATINNITATIIARUANIUYNADIVDS
doya (data validation) lagn1sgudiegis
nyszilouiesay 10 WINTIVAOUANLABAARDY
sninsdeyaluszuudiannsedndfudeyad
Tuiinld wazviin1InsIaaeuAIUATUL YRS
Uaya (completeness) FaufaAUMAIRAUNA
(outliers) n3oteyafiliaumnaunanoutily

a

IANLINEDR

NGUAIDENY
nauUszensfarAnwdugineuimiy
Amsagunmusednd lullesudsvann 2565-
2567 lagilinaeiAnlianngudisg1ad1fne
(inclusion criteria) Ao 1) 1WugUrelspumau
ilafl 2 Aififn eGFR 260 Fvdwlnaidslifinne
udou 2) Trans39 UACR waz/w3e dipstick Asu
3 pdiluszarinen 3 uasnasimafanguietng
PONAINNTANY) (exclusion criteria) Ao 1) TUse iR
aiisnAvedlalusdn i i lumadulaanis
mMsuaufimaduilaans waganuieunfsue
fvilinrsvheuvedleanas 1wy nnginide
Tussuumaduilaans 2) vdeiidensss 3) &
MﬁﬂgmmsamsﬁdmzwmﬂLﬁuﬁaanz (urinary
tract infection) luuiiivilaany @) finne

J Med Health Sci Vol.32 No.3 December 2025




deundudun 1‘7iaweimasiaﬂmﬁu%maaé’agﬁu
Tullaamzdnesm 1wy il visen1seaniaame
pgraninneunsiiulaany mndduinld)

Tagdruungusnegaiiviinisfinuide
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W mn i tunsdeusnenfilsmenuna
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AUIUNFUADEN
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wsnafiefildlunisinen

nrsyideudiannsetng wavsieeu
HARTIIVNviRIUURNS Useneume

1. wuultuiinteya (data collection
form) Mdmsurvsudeyafiugruvesiine wu
01y i dunanie seuhmaluden sedy
Tusfuluden auduladin sveznafiduumniu
waglsnsau Wy AnuUlafings

2. N13M39999A7 urine albumin-to-
creatinine ratio, microalbumin, urine creatinine
970 random urine TnguauVadoULTIAIUS N
(semi-quantitative test) ifioUszifiuning
lulasdayduuselaglindnnis reflectance
photometer %A dual wavelength d1%5un1s
ameansiaiflullaanis 1nFedle uazgunsainldly
MInTIvIAsR W e Tieseillaans
SludA URIT-500B Waunageyu URIT 14G strip
urine tube dmsuiiutiaanie ffew/nseATudnsy
dududulaanezdiuiu pasture pipette d11su
anlaasvenasuuuaunagey ldlunsdifiu
Yaanzlavon

A195189UKE
NN59184IUNAVDIDNT 1A IUTAYIUA D
AsleRTUINAINIIATIIndayTuLazATLeRilY
Tutaanz eldusadiunizlusiulutaans
Tusedusnag famnsnedl 1 (Table 1)
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Table 1 Urine microalbumin-to-creatinine ratio reference table

Creatinine (Cr)

<10 mg/dL 50 mg/dL 100 mg/dL 200 mg/dL 2300 mg/dL
<09 mmolL 4.4 mmolL 8.8 mmol/L 17.6 mmolL  226.4 mmolL
<1 me/dL naaoulyl * 20 mg/g Cr 10 meg/g Cr 5 mg/g Cr 3 mg/g Cr
<10 mg/L 23 mg/mmol Cr 1.1 mg/mmol Cr 0.6 mg/mmol Cr 0.4 mg/mmol Cr
3 mg/dL 300 mg/g Cr 60 mg/g Cr 30 mg/g Cr 15 mg/g Cr 10 mg/g Cr
mAlb 30 mg/L 33.9 mg/mmol Cr 6.8 mg/mmol Cr 3.4 mg/mmol Cr 1.7 mg/mmol Cr 1.1 mg/mmol Cr
(MA) 8 mg/dL 800 mg/g Cr 160 mg/g Cr 80 mg/g Cr 40 mg/g Cr 27 mg/g Cr
80 mg/L 90.4 mg/mmol Cr  18.1 mg/mmol Cr 9.0 mg/mmol Cr 4.5 mg/mmol Cr 3.0 mg/mmol Cr

215 mg/dL 1,500 meg/g Cr 300 mg/g Cr

150 mg/g Cr 75 mg/g Cr 50 mg/g Cr

2150 mg/L 169.5 mg/mmol Cr 33.9 mg/mmol Cr 16.9 mg/mmol Cr 8.5 mg/mmol Cr 5.6 mg/mmol Cr

' P o g v o '
* lmammLLUaNalmLuaﬂmﬂﬂaamawazgﬂwﬂmaamq psinsnaaeull

LNUIINSIUIREAULUING American diabetes
association (ADA) guideline™™

ALY ADA MTitladunglUshu
Tudaazlemn UACR ﬁ\‘iﬁ normoalbuminuria
Qﬂ%ﬁaéfmﬁam UACR tpanin 30 mg/s Cr uag
dipstick negative/trace vauzdilalasdayiiuyiFe
gnifiadeiilon UACR agluras 30-299 me/g Cr
vi3e dipstick 1+ (Iaglaifianngdu 1wy nsfniide
Tusguumaiulaanig) wag macroalbuminuria
gﬂ%ﬁaimﬁam UACR aglutaanizuinnin
300 mg/g Cr (dipstick >2+) N1531228A13
fudunadensnsansnetheles 2y 3 adinnely
szepian 3-6 e Wieliulalumugndeses
NAN13ITARY

wnaein1sitadenndzlusavludaaglugiae
LUI%U (diagnostic criteria for proteinuria
in diabetic patients)

T A NEdyRenTIE YU e
luansdoyanamerudemevedlaiitiorostu
1AL U AL S OUNTNLTLAZ A TIAEDU
Ialuszezusnlaen1sdunnIual UACR 811190
wlanasindedeeenluaoingundn laun

a8 |

AMzUnd (normal) kazneiaUng (abnormal)
Tnefiansanandn UACR 8aisroazidondadl
amzUnd vnefls fUaedifinanisasianisies
UURnskansA1 UACR Weenin 30 Hadnsu
fansuAsIeRTU (UACR <30 mg/g Cn) Tuegsiloy
2 vi¥e 3 AfweanisnTn axgndneglundgunme
Uni Feadinliifinssalnavedusiululaans
fifiTedfynenadn wasanzAaund nuneds
FUaeiifnanisnsanaiesujuianisuansen
UACR Tuane 30-299 fiadnsusionsuasiofiiu
(UACR 30-299 mg/g Cr) #i3aA1 UACR 11nnI1
WAy 300 Hadnsumensuasioftdu (UACR
>300 me/e Cr) Tusghaten 2 aSmwenisnsae
aggnineglungunnsiiaund Feazvioufisniss
anelusivlutlaanziiieund (microalbuminuria
¥i%0 macroalbuminuria) flenausddennudeme
voslaluszazdudu viosvesiiguussty

nsATeideya
ns@nwildadfidmssnuuuazain

Weeunulunsinsisiteya lnensiAsed

Bawssaaun 1w Aieds drudosvuinasgiu

AdsegIU wariidesevineaelng (IQR) gnld
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Lﬁaagﬂﬁﬂwmzﬁugmmmﬁﬂw WU 81y LA
fstlananig (body mass index; BMI) manuauladia
sefutanaluden seavludfuluifon was
syozaithodulsaumn anuynvesanie
lulasdayfiysetausluguuuuilasidudnon
Furnudesiufosas 95 MIATEATOUL 1A
msvageulAauAITVTe Fisher's exact test dmsy
MILUTIBINGY Wag t-test 5o Mann-Whitney U
test dmiuiuUndaiinn grldiflensiaasy
AN sEninenlulasdayliuyie wag
thiuide melnnzvionnosladafnuuunmsuys
THlunsseytladedsidauduiusednsdasy
Tneranmsiinzinandluguvasdmduaides
&uind (odd ratio; OR) wiengranmITesiu
Yoz 95 fmunsyRuTddyadan p<0.05
foyavamuniiesgigelusunsy SPSS version
29 (IBM Corp., Armonk, N.Y., USA) lagiiaus
HASNSLUTULUUANT AL N UYT

HaN13ANYN

v g Y Y 1 =

dayanugIuvaidnTImnsAne
et BULYAN 2 S

nauEANUINTigafe 1 60-74 T (Fevay 48.1)
sruilnamefimsisegiueeil 25.39 nn./ms. (QR:
22.77-28.53) GaagluszduthmiiniAunuinsi
Usennslne degamsfinesmendindug nuh
seduthamasvasludon (HoA1c) iy Sovay
7.6 (IQR: 6.7-8.6), MnusulafnvzIlatum?
(systolic BP) 51 129 1131.U58% (IQR: 124-139),
ANNFuIEilanateda (diastolic BP) fsegu
73 13.U507 (IQR: 66-79), A1 serum creatinine
Adsegu 0.79 un/ma. (IQR: 0.67-0.91) waze?
n1snsesvedlalneUssunns (eGFR) dseg1u 86
U8./U41%/1.73 1.2 (IQR: 72.5-98) agviaudesesiu
msvhauvedlafidioglunasivnilunmsy
oalsinu Wledineideyadoundslutasand
wuien UACR fuunldundfisfuegnaditfoddy
N9adF (p<0.001) é’fﬂgﬂﬁ 1 (Figure 1) lngtanng
Tud w.e. 2567 ﬁﬁmﬁﬁﬂgwul,ﬁm%ulﬂu 20 mg/g
Cr dlewleufiu 10 me/e Cr Tud wa. 2565 wax
2566 Qﬂwﬁﬁm UACR 230 mg/s Cr fuwnlifuil
eilsziu HbAlc gandt uavilAasieftulugen
geninguiiiien UACR Un@ dsaenndesiunaln
Mg BaiTinervesmaiinanigladonlugie

499 518 wuh dlngdumevds Govas 64.93)  wvmuszezisuRY
lnedongdisegnuiniu 61 U (IQR: 55-68) uax
3001 ¢ + ¢

5]

©200F

(o)}

£ 8 &

o
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! |
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Ot I 1 o

Figure 1 The comparison of UACR values (mg/g Cr) between academic years using the Friedman test
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AsuUINguMuaaIuE UACR

FUheidsamnsAnugnuusesnidy
A0INguANAINIATIY UACR dun nguiiilen
UACR aglluinauaiuni (UACR <30 mg/g Cr) 3131
343 570 (foway 68.74) uagnguilian UACR
NauUnd (UACR 230 mg/g Cr) 91uu 156 57
(fowag 31.26) HANTIATIENNUTN w18l
dadnlunduiiaunfiganinnguuniieeeiidedeisy
((owaz 46.79 Wisuiu Fovaz 29.74, p<0.001) uaz
fimuidearaniny UACR fsunAganininemd)s
feaoain (OR=2.09, p<0.001) Tugusg¥a
nendtin wud nguiiien UACR AaunAdisysy
HbAlc aendnguund (Tsegu Sewas 7.7 ieuiu
Yovar 7.5, p=0.044) uaiiilsysu HbAlc gani
Youaz 7.0 fianuwdesienizladendiniy
agailddday (OR=1.66, p=0.044) Wonvnil
AeseftuludenlunguiinUnfdigenitnguun
({f5ug7u 0.83 Wiguriu 0.76 mg/dL, p=0.003)
wazilefiansanseiuadiedtiufigsnindisegu
(20.79 mg/dL) wuindmuduiusiuanundssd
Wi usiennaz UACR AauUni (OR=1.89, p=0.003)
Feagiiouismevhauveslaiianas Ingasy tade
sl OR 1A 1 16 e sy HbALC g9
wazAeseRtuiAunasiduduthdedesddy
senmzladeslusyesisudu v itadedue) wu
918 fufluianiy uazAtAudulainliuans
ANULANANTENIaNGUeE 19Ty Ayneadii
Fap319ii 2 (Table 2)

nsiaszviannesladannuaznisusaaiuluma

n1siAsIgvianasylaldain (logistic
regression) gnldfiiteAnwndadeitduiusiuny
IodenluszezSudu Tneusediuaindl UACR
230 mg/g Cr Tuw3 3 U lumagnitmunmeinaia

stepwise logistic regression Wuu backward

elimination 39uAU clinical judgment dieud
Uy multicollinearity wazidonduusianna
sevhnuaniameaiis Lagnsuszendliinuate
21NANTILATIZA variance inflation factor (VIF)
WU FLUT LU weight, height, BMI, creatinine,
cholesterol wag LDL-C fiarutdougs Fausu
andaameiulsfiungay Wy BMI, eGFR
uaz LDL-C Tunadugaving Uszneude fauus
d1A1y 1w sex (OR=2.03, p<0.001), age (OR<1,
p=0.048), HbAlc (OR=1.14, p=0.031), eGFR
(OR<1, p=0.084) wag hypertension (OR=1.35,
p=0.229) uiiuneiUslididodAgyneana uads
aslulinaiiiesainaudrdynienddn &
9971 3 (Table 3) nansUsTIluANYAINTD
yoslunaniual AUC (0.64) Langi1 @1u19e
SuunsziueudeslduIunans uwaz Hosmer-
Lemeshow test (p=0.685) BufUAUUNZEL
gadlunaalunsyhuneaandes

A1SWAIUN Risk score prediction

Risk score gnyianlneilasmainsyas
(logit coefficients, [3) 18unziuu 0-5 lnawawey
Ieinzuungean (5 azuuw) Wosnbulladoides
ARSI hypertension (2 AZWLL) Wae
HbAlc (1 AzluY) WIAILUS age Waz eGFR
arlilldsupzuuy widmslilulunaifieasiiou
ANUdARNIIAELN AT IATHLLT VLA (0-8)
wissgdunudsaduamngy Tdun low risk
(0-2 AZLLUL, AuEee Soay 23.6), moderate
risk (3-5 AZLLUL, ANLEDs Soay 35.1) way
high risk (6-8 AwuwL, AL Souay 44.8) Risk
score HanmnsmilUldlunddnilesnnses way
’mLquma@LLaQ'ﬂ'gmmmmﬁﬁmmLﬁmgwia
aAnladen fmnsed 4 (Table 4)
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Table 2 Clinical characteristics and laboratory results of study participants classified by UACR

status over a 3-year period

All UACR normal UACR abnormal
LCUEIE (n=499) (n=343) (n=156) el
Median (IQR)/n(%) Median (IQR)/n(%) Median (IQR)/n(%)

Age (years) 61 (55-68) 62 (56-67.5) 59.5 (53-68) 0.067°
<40 14 (2.81) 8(2.33) 6 (3.85) 0.233°
40-59 205 (41.08) 133 (38.78) 72 (46.15)

60-74 240 (48.1) 175 (51.02) 65 (41.67)
275 40 (8.02) 27 (7.87) 13 (8.33)

Sex <0.001°
Male 175 (35.07) 102 (29.74) 73 (46.79)

Female 324 (64.93) 241 (70.26) 83 (53.21)

Smoking status 0.878°
Yes 7 (1.40) 5(1.46) 2(1.28)

No 492 (98.60) 338 (98.54) 154 (98.72)

BMI (kg/m?) 25.39 (22.77-28.53) 25.2 (22.8-28.4) 25.65 (22.6-28.53) 0.570°
Underweight (<18.5) 14 (2.82) 13 (3.81) 1 (0.64) 0.053"
Normal range (18.5-22.9) 120 (24.14) 78 (22.87) 42 (26.92)

Overweight at risk (23.0-24.9) 97 (19.52) 74 (21.70) 23 (14.74)
Obese [ (25.0-29.9) 192 (38.63) 126 (36.95) 66 (42.31)
Obese Il (230.0) 74 (4.89) 50 (14.66) 24 (15.38)

Weight (kg) 62 (55-71) 61 (55-70) 63 (56-74) 0.060°

Height (cm) 156 (151-163) 155 (150-161) 157 (151-165) 0.052°

Hypertension defined 0.178°
Normal (<140/90 mmHg) 409 (81.96) 287 (83.67) 122 (78.21)

High (3140/90 mmHg) 90 (18.04) 56 (16.33) 34 (21.79)

Systolic blood pressure (mmHg) 129 (124-139) 129 (123-138) 129.5 (125.75-139) 0.079*

Diastolic blood pressure (mmHg) 73 (66-79) 72 (65-79) 74 (68-79.25) 0.116

Duration of diabetes (years) 7 (3-13) 7 (3-13) 7 (4-14) 0.528°
<5 152 (30.46) 105 (30.61) 47 (30.13) 0.556"
5-10 174 (34.87) 124 (36.15) 50 (32.05)
>10 173 (34.67) 114 (33.24) 59 (37.82)
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Table 2 Continued

) Al UACR normal UACR abnormal
Vel (n=499) (n=343) (n=156) p-value
Median (IQR)/n(%) Median (IQR)/n(%) Median (IQR)/n(%)

FBS (mg/dl) 135 (117.5-163) 134 (117-159.5) 139.5 (118-175) 0.187°
Low (<80) 8 (1.6) 5 (1.46) 3(1.92) 0.683"
In target (80-130) 215 (43.09) 152 (44.31) 63 (40.39)

High (>130) 276 (55.31) 186 (54.23) 90 (57.69)

HbA1c (%) 7.6 (6.7-8.6) 7.5 (6.6-8.5) 7.7 (6.9-8.83) 0.044°
<7.0 161 (32.39) 120 (35.19) 41 (26.28) 0.124°
7.1-8.0 147 (29.58) 99 (29.03) 48 (30.77)
2>8.1 189 (38.03) 121 (35.78) 67 (42.95)

Serum creatinine (mg/dL) 0.79 (0.67-0.91) 0.76 (0.67-0.89) 0.83 (0.69-1.00) 0.003°

eGFR (mL/min/1.73m?) 86 (72.5-98) 87 (74-98) 82.5 (71-99.25) 0.337°

Total cholesterol (mg/dl) 167 (142-192) 167 (142-192) 168.5 (140.75-189) 0.445°
Desirable (<200) 396 (79.68) 272 (79.77) 124 (79.49) 1.000°
High (=200) 101 (20.32) 69 (20.23) 32 (20.51)

Triglyceride (mg/dl) 127 (89-173) 125 (89-168) 130.5 (89.75-183) 0.216"
Normal (<150 mg/dl) 310 (62.37) 218 (64.31) 92 (58.23) 0.338"
High (=150 mg/dl) 187 (37.63) 121 (35.69) 66 (41.77)

HDL-C (mg/dl) 42 (35-50) 42 (35-50) 41 (33-49) 0.304°
Normal (=50 mg/dl) 126 (25.35) 91 (26.69) 35 (22.44) 0.368"
Low (£49 mg/dl) 371 (74.65) 250 (73.31) 121 (77.56)

LDL-C (mg/dV) 94 (74-115) 93 (74-114) 95 (76-117.25) 0.512°
Normal (<100 mg/dl) 277 (55.73) 190 (55.72) 87 (55.77) 1.000°
High (=100 mg/dl) 220 (44.27) 151 (44.28) 69 (44.23)

IQR = Interquartile range; BMI = Body mass index; FBS = Fasting blood sugar; HbAlc = Hemoglobin Alc; HDL-C =
High-density lipoprotein cholesterol; LDL-C = Low-density lipoprotein cholesterol

UACR normal (<30 mg/g Cr), UACR abnormal (=30 mg/g Cr)

*Mann-Whitney U test, "Chi-square test

52 J Med Health Sci Vol.32 No.3 December 2025




Table 3 Logistic regression analysis results

Variables Coeficient OR  95% Clof OR p-value Interpretation

Sex (male) +0.709 2.03 1.35-3.05 <0.001  Males have a 2.03 times higher risk of abnormal
UACR compared to females.

Age (years) -0.025 0.97 0.95 - 1.00 0.048 A one-year increase in age reduces CKD risk by
~2.6%.

HbA1c (%) +0.128 1.14 1.01-1.28 0.031 Higher HoA1c levels are associated with
increased risk.

eGFR -0.013 0.99 0.97 - 1.00 0.084  Higher eGFR shows a tendency toward reduced
risk, but this is not statistically significant.

Hypertension +0.303 1.35 0.83 -222 0.229 Hypertension tends to increase risk, but not

significantly.

(1) An OR (odds ratio) greater than 1 indicates increased risk of CKD, while an OR less than 1 indicates a risk-reducing
factor. (2) A positive coefficient (+) indicates the variable increases risk, and a negative coefficient (-) indicates the

variable decreases risk.

Table 4 Summary of risk score for assessing the risk of kidney disease in diabetic patients

Risk level Total score  Number of patients (n)  Patients with abnormal UACR at 3 years  Risk (%)
Low risk 0-2 276 65 23.6
Moderate risk 3-5 7 27 35.1
High risk 6-8 143 64 44.8

anusENa nsdsuluasvasnisyinaueeala laganiy

AsAn T UNTITEB NS sauIuUY
NAFNYIN4 (descriptive cross-sectional study)
TnglgnumunTTzIdsudaunas (retrospective
chart review) 3nngusiogEUIsiuInIY
$309 2 $9uIu 499 518 TdsunsSne W
TSanEIU1ansz iy TIRTnUeULAY SEUI9
TauUssanns e, 2565-2567 nisAnwinsad
ﬁqmjwmEJLﬁaﬂizLﬁum’azlmﬁamwsﬁméfu
Tugvasuamiusiad 2 lagldan urine
microalbumin-to-creatinine ratio (UACR) 1Ty
§35avdn WU UACR Suwnlduiiuduededl
HedAemaentINsAnwELT (W.A. 2565-2567,
p<0.001) Feaenndosfiuseauves Perkins
wazAmy (2003) #131 UACR Judhiindilse
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muaudadaidoasinag Ideghamngas 1y sysu
thmauaganuduladin® wenani Shivhare S

° Jufuin UACR fiunumdidglu

wazAMy’
msszyanuidemeveslalugiiheummiusiia 2
Feaenadesfudodunuves™® fszyin UACR
gadusiusunundeares CKD wazanunsald
Fushd nlunsidhsy Ssmssiiuvedsaldedn
Huszansnm

dlefiansaniasedes nuin wawed
ANUduNUSeditud A AunTIE UACR Anunf
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Retnakaran R uazang' Tulassnis UKPDS 74
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wazYad Wan KS wagane”’, Ahmed Aziz KM Lay
Skalkos E uazanuz finuin iemnaifutadoides
Seaszvadsalaniniuvanu uenani Liu M wae
o Fisenuhiduseuiaoriiutu lneamny
Tugwe fiauduiusiuniglsiululaansll
Feeonndosiunzuuumudssinanlumiaded
Tnemanelafunziuugaan nsfimanelds
AruuuganenvazvieutclademungRnssuauamn
AULANANNVDITOTIUY KAZNITABUAUDIND
nsSnEUTLANEIININAES

miﬁﬂmﬁwudﬂmsmuqmzé’uﬁﬂmaﬁ
1317 (HbA1C > Joraz 7.0) TArudiniusiurmnsides
fiutuweany UACR Anuni nislun1sdased
\Jead (OR=1.66, p=0.044) uarlulinma logistic
regression (OR=1.14, p=0.031) nadniiaonndes
fun1s@inen UKPDS (1998) fiuandliidiuinnis
mmmzﬁuﬁwmaaﬂwﬁmm (HbALc Fslsegu
Fouay 7.0 Wisudu Soway 7.9) @wNsnann1lg
unsndouveslsalduionnoalany Sovay 25%
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Abstract

Olfactory dysfunction is found in 75-90% of patients in the early stages of Parkinson’s
disease (PD). Despite its widespread occurrence in PD, many patients remain unaware of their
olfactory dysfunction until they undergo standardized smell testing. The self-administered smell
identification test kit (SASIT kit) was developed for use in diagnosing olfactory dysfunction in
Thai individuals. This study aims to evaluate the diagnostic performance of the SASIT kit in
differentiating PD patients from healthy individuals. This observational, cross-sectional diagnostic
accuracy study was conducted at the outpatient departments of Pattani Hospital and Songkhla
Hospital. Age-matched healthy volunteers who could perceive the normal n-butanol threshold,
and Parkinson’s disease patients with Hoehn & Yahr Stage (H&Y stage) 1-3, aged 50 years and
older, were included. The study was conducted between January and October 2024. Participants
were screened using PHQ-2/PHQ-9, MMSE-Thai 2002, and anterior rhinoscopy. Subsequently,
they performed the self-administered smell identification test (SASIT), and the SASIT scores
were recorded. Baseline clinical characteristics and SASIT scores (n, %, mean +SD, or median
[IQR]) were compared using a t-test. Diagnostic accuracy was assessed using the area under the
receiver operating characteristic (ROC) curve. The optimal SASIT score cutoff for distinguishing
PD patients from healthy volunteers was determined and presented with sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), and accuracy. The study included
60 PD patients (mean age 67.6+7.9 years) and 60 healthy volunteers (mean age 69.5+10.9 years)
with mean SASIT scores of 9.2+3.6 and 13.7+1.9, respectively (p<0.001). The SASIT kit showed
an AuROC of 0.88 (95% CI: 0.82, 0.94). A cut-off score of <13 yielded 79.2% accuracy in
differentiating PD patients from healthy individuals, with 90.0% sensitivity and 68.3% specificity.
Therefore, the SASIT kit can be used as part of a multimodal diagnostic approach alongside
clinical evaluation for diagnosing PD. Further studies with broader population samples are
recommended to validate and expand upon the results gained by this studly.

Keywords: diagnosis test kit; olfaction disorders; Parkinson’s disease; self administration; SASIT
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Introduction
Parkinson’s disease (PD) is a
neurodegenerative disorder characterized by
the loss of dopaminergic neurons in the
substantia nigra and the intracellular protein
accumulation of Ol-synuclein. These changes
affect basal ganglia circuits, resulting in both
motor symptoms—including bradykinesia,
rigidity, tremor, and postural instability—and
non-motor symptoms such as constipation,
cognitive impairment, sleep disturbances, and
olfactory dysfunction, which significantly affect
the quality of life for those impacted”.
Olfactory dysfunction is one of the
most common non-motor symptoms
associated with PD, often appearing months
or even years before the emergence of motor
symptoms. This condition affects approximately
75-90% of patients during the early stages of
the disease, making it a potential biomarker
for early detection®®. Olfactory dysfunction
significantly impacts patients’ quality of life
by impairing hazard awareness, reducing the
enjoyment of food, and decreasing overall
food intake®.

occurrence in PD, many patients remain

Despite its widespread

unaware of their olfactory dysfunction until
they undergo standardized smell testing™'’,
Smell identification tests are widely
used and more practical for evaluating
olfactory dysfunction. However, a limitation
of these tests is their dependence on
participants’ prior familiarity with the odors.
Cultural differences may explain variations in
olfactory identification test results across

countries, potentially due to differences in

odorant exposure or dietary habits' ™",

Commercially available smell identification
tests, such as the University of Pennsylvania
Smell Identification Test (UPSIT)", often
include odors that are unfamiliar to Asian
populations, potentially compromising their
diagnostic reliability in diverse contexts.

In Thailand, no standardized tool
exists to assess olfactory dysfunction in PD
patients”. The self-administered smell
identification test (SASIT) kit was prepared by
medical scientists at the laboratory of the
Department of Medical Sciences, Ministry of
Public Health, from September to November
2022. Each kit consists of 16 sealed opaque
black aluminum foil pouches, each containing
a piece of paper infused with essential oil at
a suprathreshold concentration level—
sufficient to elicit a detectable olfactory
response. The pouches are sealed using a
vacuum sealer. The scent items included
orange, traditional Thai scented water,
chocolate, garlic, pineapple, lemongrass, fish
sauce, rose, corn, tamarind, camphor, baby
powder, durian, mint, eucalyptus, and
coconut. The kits are inexpensive and designed
for ease of self-administration. The SASIT kit
has been continuously produced for research
purposes. Currently, the Department of
Medical Sciences has not yet conducted shelf-
life testing; therefore, the exact duration of
stability cannot be confirmed. However, it is
estimated that the product can be stored for
up to three years. The test kits used in this
study were manufactured within one year

before testing'®™.
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The SASIT kit was evaluated among
healthy Thai volunteers aged over 50 to
determine its applicability for the diagnosis
and monitoring of olfactory dysfunction. It
represents a promising tool to assess olfactory
dysfunction in PD patients, offering advantages
such as being disposable, user-friendly, cost-
effective, and culturally relevant for the Thai
population. This study aims to evaluate the
diagnostic performance of the SASIT kit in
differentiating PD patients from healthy

individuals in Thailand.

Materials and Methods
Study Design

A cross-sectional diagnostic accuracy
study with an observational design was
conducted at the outpatient neurology
departments of Pattani Hospital and Songkhla
Hospital.

Participants and recruitment

Participants included age-matched
healthy Thai volunteers and PD patients who
were examined between January and October
2024. Sixty-eight PD patients and seventy-four
healthy volunteers aged over 50 years were
recruited for the study. Healthy volunteers
were recruited from a population without PD.
Fourteen healthy volunteers were excluded
due to pre-existing conditions (hypothyroidism,
neurological disease, history of radiation at
the head and neck, inability to perceive
normal n-butanol threshold) or an inability to
complete the tests. Sixty-eight PD patients

were diagnosed by a neurologist according to

J Med Health Sci Vol.32 No.3 December 2025

the clinical criteria of the United Kingdom
Parkinson’s Disease Society Brain Bank
(UKPDSBB)."” Eight PD patients were excluded
due to Hoehn and Yahr (H&Y) stage 4-5 or an
inability to complete the tests (Figure 1).

Methods

Both PD patients and healthy
volunteers were screened using PHQ-2/PHQ-9,
MMSE-Thai 2002, and anterior rhinoscopy.
Participants were required to abstain from
eating or drinking, except for plain water, 30
minutes before starting the test. Participants
received an explanation of how to use the
SASIT kit for testing and were prepared to take
the test themselves in the examination room
(Temperature 28-35°C). All participants were
asked to start by opening the packet containing
the odors, beginning with odor number 1, and
holding each approximately 2 cm away from
their noses. No more than 20 seconds were
allowed for each odor to be sniffed before
proceeding to answer. The second scent was
initiated 20-30 seconds after the first scent,
and the process continued in the same
manner until all 16 scents had been sniffed.
SASIT scores were recorded.

Statistical analysis

Baseline clinical characteristics and
SASIT scores (n, %, mean +SD, or median (IQR))
were compared using a t-test. Diagnostic
accuracy was assessed using the area under
the receiver operating characteristic (ROC)
curve. The optimal SASIT score cutoff for

distinguishing PD patients from healthy
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volunteers was determined, exhibiting sensitivity, statistical analyses were performed using Stata

specificity, PPV, NPV, and accuracy. All statistical software version 16.1 (StataCorp).

Healthy volunteers and PD patients aged = 50 years between Jan and Oct 2024

¥

¥

PD patients (n=68)

Healthy volunteers (n=74)

® HRY stage 4-5=6

Excluded patients (n=6)

Examination room

(Temp 28-35 °C)

Excluded volunteers (n=13)
® Unable to perceive normal n-butanol
threshold=8
¢ Hypothyroidism=2

* Neurological disease=2

* History of radiation at head and neck=1

Informed consent

4

1.PHQ-2/PHQ-9
2.MMSE-Thai 2002

3. Anterior rhinoscopy

{

The volunteers receive an explanation of how to use the SASIT kit for testing, and

prepare to take the test themselves.

The volunteers are required to abstain from
eating or drinking, except for plain water,

30 minutes before starting the test.

The packet containing the odors is opened, beginning with odor number 1, and held approximately 2 crm away

from the nose. No more than 20 seconds is allowed for each cdor to be sniffed before proceeding to answer.

{

Begin the second scent 20-30 seconds after the first scent, and continue in the same manner

until all 16 scents have been sniffed.

State Examination

Withdraw (n=1)

Loss (n=1)

PD patients (n=60)

Withdraw (n=1)

Healthy volunteers (n=60)

Analysis

Figure 1 Study flowchart
PD=Parkinson disease, H&Y=Hoehn and Yahr, PHQ=Patient Health Questionnaire, MMSE=Mini-Mental
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Results

The study included 60 PD patients
(mean age 67.6+7.9 years) and 60 healthy
volunteers (mean age 69.5+10.9 years). Neither
group showed any significant differences in

gender, age, education, underlying disease,

Table 1 Baseline characteristics

smoking history, MMSE-Thai 2002 scores, or
PHQ-2 & PHQ-9 scores. PD patients had a mean
H&Y stage of 1.8+0.7, with a median disease
duration of 18 months. Median UPDRS-I and
UPDRS-Il scores were 2 and 7.5, respectively,

indicating mild disease severity (Table 1).

PD Healthy volunteers  p-value
n=60 n=60
n % n %
Gender
Male 23 38.3 15 25 0.169
Female 37 61.7 a5 75
Age (years), mean (+SD) 67.6+7.9 69.5+10.9 0.276
Education
Uneducated 6 10 3 5 0.056
Elementary school 26 433 16 26.7
High school 14 23.3 14 23.3
Bachelor’s degree or higher 14 23.3 27 a5
Underlying disease
No underlying disease 18 30 13 21.6 0.404
With an underlying disease
Diabetes mellitus 11 18.3 6 10 0.295
Hypertension 21 35 21 35 1.000
Dyslipidemia 18 30 15 25 0.683
Ischemic heart disease 2 33 2 33 1.000
Prior ischemic stroke 4 6.7 0 0 0.119
Smoking history
Yes 12 20 9 15 0.632
No 48 80 51 85
MMSE-Thai 2002, median [IQR] 28 [27,29] 28 [26,30] 0.715
PHQ-2&PHQ-9
No depression 55 91.7 56 93.3 0.757
Minimal depression 3 5 1 1.7
Mild depression 2 33 3 5.0
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Table 1 Continued

PD Healthy volunteers  p-value
n=60 n=60
n % n %

Disease duration (months), median [IQR] 18 [6-48]
Hoehn & Yahr Stage, mean (+SD) 1.8 (0.7)

Stage 1 12 20

Stage 1.5 21 35

Stage 2 12 20

Stage 2.5 7 11.7

Stage 3 8 13.3
UPDRS-I, median [IQR] 2[1,3]
UPDRS-II, median [IQR] 7.5 [5,10]

Abbreviations: PD=Parkinson disease, H&Y=Hoehn and Yahr, PHQ=Patient Health Questionnaire, MMSE=Mini-Mental
State Examination, UPDRS=Unified Parkinson’s Disease Rating Scale

Chocolate, Fish sauce, and Durian
odors showed the highest identifiability among
both groups (76.7%, 71.7%, and 73.3% in PD
patients; 96.7%, 91.7%, and 96.7% in healthy
volunteers). Mean SASIT scores were 9.2+3.6
for PD patients and 13.7+1.9 for healthy
volunteers (p<0.001) (Table 2). The ROC curve

had an area under the curve of 0.88 (95% Cl:
0.82-0.94, p<0.001) (Figure 2). At a cut-off score
of <13, SASIT demonstrated 79.2% accuracy
in differentiating PD patients from healthy
individuals, with 90.0% sensitivity and 68.3%
specificity (Table 3).

Table 2 Percentage of correct odor identification

PD (n=60) Control (n=60)
[tem Odorant p-value
n % n %
1 Orange 32 53.3 52 86.7 <0.001
2 Thai traditional scented water 25 a1.7 a3 80 <0.001
3 Chocolate a6 76.7 58 96.7 0.002
4 Garlic a1 68.3 57 95 <0.001
5 Pineapple 19 31.7 39 65 <0.001
6 Lemongrass 38 63.3 57 95 <0.001
7 Fish sauce 43 717 55 91.7 0.008
8 Rose 30 50 51 85 <0.001
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Table 2 Continued

PD (n=60) Control (n=60)
[tem Odorant p-value
n % n %
9 Corn a2 70 56 93.3 0.002
10 Tamarind 37 61.7 57 95 <0.001
11 Camphor 35 58.3 57 95 0.000
12 Baby powder 36 60 a5 75 0.118
13 Durian a4 73.3 58 96.7 0.001
14 Mint 30 50 46 76.7 0.004
15 Eucalyptus 36 60 50 83.3 0.008
16 Coconut 16 26.7 37 61.7 <0.001
SASIT score
Mean (+SD) 9.2 (£3.6) 13.7 (x1.9) <0.001
Median [IQR] 10 [6.5-12] 14 [12.5-15]
Min - Max 1-15 7-16

Abbreviations: PD=Parkinson disease, SASIT score=Self-administered smell identification test score

0.50 0.75 1.00
1 1 1

Sensitivity

0.25
1

0.00

T T
0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.8756

Figure 2 The ROC curve of the SASIT kit for diagnosing PD. Area under the curve 0.88 (95% Cl:
0.82-0.94), p<0.001
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Table 3 Sensitivity, specificity, positive predictive value, negative predictive value, and accuracy

of the SASIT kit

PD (n=60) Normal (n=60)
SASIT score Cut point
n % n %
<13 54 90.0 19 31.7
>13 6 10.0 a1 68.3
Diagnostic performances Statistic Estimate (%) 95%Cl (%)
Sensitivity 90.0 79.5-96.2
Specificity 68.3 55.0-79.7
PPV 74.0 62.4-83.5
NPV 87.2 74.3-95.2
Accuracy 79.2 71.9-86.4

PD=Parkinson disease, SASIT score=Self-administered smell identification test score, PPV=Positive predictive value,

NPV=Negative predictive value

Discussion

Olfactory dysfunction in PD arises from
pathological changes caused by early
accumulation of Ol-synuclein in the olfactory
bulb, olfactory tract, and anterior olfactory
nucleus. These regions are affected during the
prodromal stages of the disease, preceding
dopaminergic neuronal loss in the substantia

nigra”>*

. As a result, olfactory impairment is
one of the earliest manifestations of PD. The
smell identification tests can detect this early
pathological process by assessing odor
identification, which depends on the integrity
of both peripheral olfactory neurons and
higher-order cortical networks. QU Synuclein-
mediated synaptic dysfunction and neuronal
loss disrupt olfactory signal transmission and
cortical integration in regions such as the
piriform and orbitofrontal cortices, leading to
selective deficits in identifying specific

odors®?,

In this study, the SASIT kit showed that
the percentage of correct odor identification
using the kit was significantly lower in PD
patients compared to healthy volunteers,
aligning with previous evidence that olfactory
dysfunction is an early and prevalent symptom
of PD*®. This finding reinforces the clinical
relevance of using olfactory tests to support
early screening.

Among the 16 scented items in the
SASIT kit, chocolate, fish sauce, and durian
were the most easily identified among both
groups, highlighting the importance of cultural
familiarity in odor recognition. These three
scents, distinctly rooted in Thai culture, are
not found in standardized commercially
available tests such as the UPSIT'**. The
comparable pattern of odor identification
between PD patients and healthy individuals
supports the strong influence of cultural
exposure and sensory experiences in olfactory
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recognition, an important consideration when
developing region-specific diagnostic tools'*".
At a cut-off score of <13, the SASIT kit
demonstrated high sensitivity (90%) and
moderate specificity (68.3%). The high
sensitivity indicates its potential utility as a
screening tool in clinical practice. SASIT scores
<13 may warrant additional neurological
evaluation to explore early-stage PD. False-
positive results may arise from age-related
olfactory decline, sinonasal disease,
environmental exposures such as smoking or
pollution, or other neurological disorders,
including Alzheimer’s disease, that also impair
olfactory function. Conversely, false negatives
may occur in early-stage PD patients who
retain near-normal olfactory function, or in
individuals familiar with the test odors, leading
to artificially elevated scores”?®. Additional
sources of error include self-administration
issues, such as misreading instructions or
cognitive impairment, both of which may mask
the true test results'®. Therefore, while the
SASIT kit has potential utility as a screening
tool for detecting olfactory impairment in PD,
it should not be used in isolation. Instead, it
might be used as part of a multimodal
diagnostic approach, alongside clinical
evaluation to improve diagnosis accuracy.
Despite the aforementioned, this
study has certain limitations. The diagnosis of
PD was established through clinical evaluation,
without confirmation via functional imaging or
histopathological analysis. While this approach
reflects real-world diagnostic conditions in

many clinical settings, it may limit the precision

J Med Health Sci Vol.32 No.3 December 2025

of disease classification and the generalizability
of the results. Furthermore, the PD patient
group had a mean H&Y stage of 1.8, indicating
early-stage disease. While the SASIT kit is
appropriate for assessing early-stage olfactory
dysfunction, the results may not reflect the
entire spectrum of PD, including advanced
stages. Future studies could aim to include a
broader range of disease severities to validate
the test’s effectiveness. Additionally, validation
studies in diverse populations within Thailand
(e.g., Northern, Northeastern, and Central
regions) are needed to assess the applicability
of the SASIT kit for all Thai patients.

Conclusions

The SASIT kit demonstrated promising
diagnostic performance in distinguishing PD
from healthy individuals within the Thai
population. With its high sensitivity, cultural
relevance, ease of use, and cost-effectiveness,
the SASIT kit has the potential to be part of a
multimodal diagnostic approach alongside
clinical evaluation for diagnosing PD. The
findings also highlight the importance of
incorporating culturally adapted olfactory
assessments in diverse settings to enhance
diagnostic accuracy. Further studies with
broader population samples are recommended
to validate and expand upon the results

gained by this study.
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The study of the correlation between the waiting day before surgery and the
walking ability with a 4-leg-walker in bipolar hemiarthroplasty elderly patients

Nithi Kanjanasingh', Pronrumpa Kanjanasingh?, Pishyaporn Sritangos®
'Orthopedic Surgery Department, Buddhasothorn Hospital
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Abstract

Femoral neck fracture is one of the most prevalent problems affecting elderly patients’
quality of life. In Thailand, presurgical processes in public hospitals may lead to delays,
subsequently resulting in long waiting times for surgery, which often exceed the 48 hours post-
admission per recommendation by the American Academy of Orthopaedic Surgeons (AAQS)
Clinical Practice Guideline Summary: Management of Hip Fractures in Older Adults. Since the
average waiting duration for hip replacement surgery was 4.95+3.05 days with 45.54% of patients
receiving surgery within 3-4 days of admission at Buddhasothorn Hospital, this study aimed to
examine whether prolonged waiting duration before bipolar hemiarthroplasty surgery impacts
the patient’s outcome in terms of walking ability with a 4-leg-walker before discharge from the
hospital and length of stay post-surgery (LOS). Retrospective analysis of the data registry of 112
patients at Buddhasothorn Hospital between 2017-2022 suggested that bipolar hemiarthroplasty
delayed by up to 4 days post-admission had walking outcomes and average LOS statistically
equivalent to those who had surgery within 2 days post-admission. Although Fisher’s exact test
showed proportions of patients who could walk before hospital discharge were similar, Log-Rank
analysis suggests 1.65-fold of patients who had surgery <4 days could walk with a gait aid before
hospital discharge compared to patients who had surgery after 4 days (p=0.005). Kruskal-Wallis
test and Dunn’s post-hoc test revealed that LOS of groups that had surgery within <2 days, day
3-4, and <4 days showed no significant differences with the mean+SD of 6.61+3.13, 6.67+3.24,
and 6.65+3.19 days, respectively. However, delays of more than 4 days post-admission led to
a significant increase in average LOS of 8.40+3.46 compared to groups that had surgery within
<4 days (p=0.015). Furthermore, Log-Rank hazard ratio analysis of relationships between <4
days and over >4 days pre-surgery waiting period showed 1.56-fold faster recovery of walking
ability with gait aid (p=0.043) and reduced LOS by 1.57-fold (p=0.037). These findings provided
data suggesting that potential delays of more than 4 days post-admission before bipolar
hemiarthroplasty adversely affected patient outcomes. Furthermore, delays of up to 4 days
post-admission had negligible effects on walking outcomes with favorable LOS and duration to
walking, and this extended period may enable physicians to perform necessary investigations
to ensure the patient’s safety before proceeding with hip surgery.
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Introduction

The WHO identified Thailand in 2023
as one of the nations experiencing rapid aging,
forecasting that in the coming ten years, 28%
of its population will consist of senior citizens'.
Hip fracture is one of the most common health
problems in the elderly demographic. Due to
increased overall life expectancy worldwide,
the incidence of hip fractures in elderly
patients has risen and has become one of the
primary health concerns for the healthcare
systems of many countries, including
Thailand®’. Multiple studies have suggested
the enhanced risk of both morbidity and
mortality in hip fracture patients®”. Hip
fractures in elderly patients lead to the
inability to walk, deteriorating the patient’s
quality of life. Walking disability for hip fracture
patients has been associated with an increase
in 1-year mortality’ and excessive long-term
care costs that affect the patients and their
families’. A recent epidemiologic report of hip
fractures in Thailand revealed that the
incidence of hip fractures and the annual
hospitalization costs for hip fractures increased
significantly from 2013 to 2022°.

Bipolar hemiarthroplasty is a popular
treatment option for elderly patients with femoral
neck fractures’. Bipolar hemiarthroplasty surgery
has been shown to yield good post-operative
outcomes, where most patients will be able
to walk with a 4-leg gait aid. The study by
Schneppendahl et al. reported that out of 487
patients who were followed for 91 months
after surgery, 67% of patients regained their

ability to walk using walking aids'.

Despite the general acceptance of the
optimal surgical procedure, the timeframe for
preparing elderly patients with femoral neck
fractures before undergoing hip surgery
remains controversial and varies across
studies'"™. Some studies recommend surgery
within 24 to 48 hours of hospital admission
which is the best practice in terms of reducing
the length of hospital stay, bedsores, regaining
independence, and postoperative mortality

rate'

. In contrast, some studies reported
that a delay in hip surgery does not adversely
affect postoperative outcomes nor is it
associated with any complications or mortality
rate'”™™. A recent study from Harvard Medical
School also suggested that delaying the time
to hip surgery is not significantly associated
with complications after surgical treatment of
hip fractures™. This study is controversial since
the standard treatment guideline for hip
fractures indicates that the surgery should be
performed within 48 hours of patient
admission'*”" to reduce potential complications.
In terms of postoperative outcomes, the study
has reported that the timing of the surgery
after a hip fracture does not affect postoperative
outcomes or mortality, but likely reduces pain,
length of stay, and risks of significant
complications”. Therefore, further studies and
discussions about the optimal waiting duration
before hip surgery should be conducted.
According to the American Academy
of Orthopaedic Surgeons (AAQOS) clinical
practice guideline'®”, performing hip surgery
within 48 hours according to hip fractures

treatment guidelines may not be possible in
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all cases. Additionally, rural hospitals in Thailand
are often limited by factors such as insufficient
personnel, unavailability of operating theatres
and other operational limitations on weekends
or public holidays”, leading to the inability
for patients to undergo surgery within 48 hours.
The current study investigated retrospective
data of hip surgery cases performed between
the year 2017-2022 at Buddhasothorn Hospital,
Chachoengsao province, Thailand.

Due to multiple limiting factors,
particularly delays associated with preoperative
co-morbidity evaluations, Buddhasothorn
Hospital has been unable to perform hip
surgery on the majority of patients within 48
hours. However, to ensure that these delayed
periods of hip surgery did not affect the
patient’s optimal outcome, the objective of
this study was to determine the relationship
between the duration before surgery, length
of stay, and walking ability with a 4-leg walker
before a patient is discharged from the
hospital after bipolar hemiarthroplasty. The
results from this study will help provide further
information about the possible extension of
the pre-operational “golden period” which
does not adversely affect the patient’s
outcome while enabling flexibility applicable
to rural hospitals with limited resources. The
information obtained from this study may also
contribute to the amendment of current hip

surgery treatment guidelines.
Materials and Methods

This research was a cross-sectional

study. It was approved by the Human

J Med Health Sci Vol.32 No.3 December 2025

Ethics Committee of Buddhasothorn Hospital
(BSH-IRB 002/2566). Data was collected
retrospectively from medical records of patients
who underwent bipolar hemiarthroplasty at
the Orthopedic Department, Buddhasothorn
Hospital, from January 1%,2017 to January 31,
2022.

Study population

Since the data set acquired included
patients aged 58-98 years old, the inclusion
criteria were Thai patients aged 58 years and
over, both male and female, who had a history
of falling from a standing height, resulting in
femoral neck fractures. The diagnosis of the
femoral neck fracture was done by hip X-ray.
Then, the patients received bipolar
hemiarthroplasty at the Buddhasothorn
hospital. Exclusion criteria, patients who delay
hospital visits for more than 7 days after they
had the fracture would be excluded from the
studly.

From data collection, a total of 118
patients were diagnosed with femoral neck
fractures from January 1%, 2017 to January 317,
2022. Out of 118 patients with femoral neck
fracture cases, only 112 patients met the
inclusion criteria for this study. Four patients
were excluded because they delayed their
hospital visit for more than 7 days after they
had the hip fracture. Two patients were
excluded as they received Austin Moore
unipolar hemiarthroplasty (Figure 1a).
Therefore, the data of 112 patients who
underwent bipolar hemiarthroplasty and met

the criteria were collected.
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Data collection

The patients’” demographic data were
collected from medical records, including
gender, age, and underlying diseases. American
Society of Anesthesiologists (ASA) classification
and Hemoglobin (Hb) level before surgery
were collected to ensure no differences
between the preoperative conditions of the
patients included in the study. Additionally,
the date of admission, duration before bipolar
hemiarthroplasty of the hip, length of hospital
stays, and the number of patients who regained
the ability to walk with a 4-leg walker after
surgery before hospital discharge were
collected. The patients were divided into groups
according to the duration of waiting days
before surgery. The differences between each
group were analyzed by statistical analysis.

The primary outcome was defined as
the ability to walk with gait aid before
discharge. In this case, the walking outcome
was defined as a binary variable: able to walk
with a gait aid versus unable to walk before
discharge. Functional recovery was defined as
the ability to regain walkability post-hip
surgery, including with gait aid. The secondary
outcomes were the patient length of stay after
surgery (LOS) and the duration to walking with

gait aid after surgery.

Statistical analysis

Statistical analyses were performed
using GraphPad Prism version 10.4.2. All data
presented in this study were shown as mean + SD.
Normality tests were performed for all data

analyzed. The patients were divided into

groups based on the waiting duration before
hip surgery. Demographic data were analyzed
using one-way ANOVA with Tukey’s post-hoc
test for Parametric data and Kruskal-Wallis test
with Dunn’s post-hoc test for non-parametric
data. The proportion of patients able to walk
with gait aid before discharge was analyzed
using Fisher’s exact test. The analysis of
patient length of stay (LOS) was analyzed using
Kruskal-Wallis test with Dunn’s post-hoc test.
Statistical differences between groups and
hazard ratio were analyzed using Log-Rank
(Mantel-Cox) test. The statistical significance

level was set at 0.05.

Results
Patients’ demographic data

Retrospective data were collected
from medical records of patients aged 58 years
and over, who had a history of standing falls
resulting in femoral neck fractures and
received bipolar hemiarthroplasty surgery at
Buddhasothorn Hospital between January 1%
2017 to January 31" 2022. Out of 118 patients
with femoral neck fracture cases, only 112
patients met the inclusion criteria for this study
(Figure 1A). Between 2017 and 2022, the
waiting period for hip surgery at Buddhasothorn
Hospital ranged from 1 to 14 days, and the
average waiting duration was 4.95+3.05 days
after admission. Only 16.07% of patients
received hip surgery within 2 days after
admission as recommended by the AAOS
clinical practice guideline'**". However, 45.54%
of the patients admitted at Buddhasothorn

Hospital received surgery between 3-4 days
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after admission, while 38.39% received surgery
after 4 days (Figure 1B-C). This indicated that

received surgery after admission, exceeding

the timeframe recommended by the practice

. . . . 16,21
most patients at Buddhasothorn Hospital  guideline'®*.
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30 -
@
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% 50+
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n=112
. - =2 day

Post-Admission Waiting Period
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Figure 1 Flowchart of the study population and the proportion of post-admission waiting period

patients

The current study aimed to identify
whether these pre-surgical delays affected the
outcomes of hip surgery compared to the
standard recommendation, where patients
should receive hip surgery within 48 hours.
Therefore, the patients included in this study
were firstly divided into three main groups: 1)
patients who received surgery within 2 days,
2) patients who received surgery on day 3-4,
and 3) patients who waited for surgery for
more than 4 days (Table 1).

J Med Health Sci Vol.32 No.3 December 2025

Demographic data of 112 patients with
femoral neck fractures who underwent bipolar
hemiarthroplasty were analyzed to ensure
that patients of the study groups were similar.
The patients included in this study had an age
range of 58-98 years. The common chronic
diseases found in the patients of both study
groups were high blood pressure, diabetes,
hypercholesterolemia, and chronic kidney
disease. The patient’s average age, ASA score,
and preoperative hemosglobin levels were not
significantly different between these three
groups, implying that patients within these

groups were comparable (Table 1).
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Table 1 Demographic data of the patient who had surgery within 4 days compared to more

than 4 days after admission

Surgery < 2 days Surgery on Surgery > 4 days p-value
after admission day 3-4 after after admission
n = 18 (%) admission n = 43 (%)
n = 51 (%)
Gender
Female 13 (72.22) 45 (88.24) 31 (72.09) 0.262
Male 5(27.78) 6 (11.76) 12 (27.91)
Age (year)
Average 74.5+8.07 75.49+8.21 75.79+8.28 0.854
Underlying diseases
Diabetes 4(22.22) 23 (45.10) 15 (34.88) 0.208
Hypertension 11 (61.11) 43 (84.31) 23 (53.49) 0.004
Hypercholesterolemia 5(27.78) 24.(47.06) 8 (18.60) 0.012
Chronic kidney disease 1 (5.56) 7(13.73) 3(6.98) 0.575
Other diseases 7 (38.89) 4 (7.84) 5(11.63) 0.011
ASA score
Grade | 3(16.67) 16 (31.37) 4 (9.30)
Grade |l 14 (77.78) 28 (54.09) 34 (79.07) 0288
Grade Il 1(5.56) 7(13.73) 5(11.63)
Hb level before surgery (g/dl)
Mean+SD 13.77+7.57 18.14+10.71 19.96+12.49 0.390

N = number of patients; ASA = American Society of Anesthesiologists Classification; Hb = Hemoglobin; Gender, and

Underlying diseases statistical comparisons were performed by Fishers’” exact test. Hb and ASA score were compared
using Kruskal-Wallis Test. Age were compared using One-way ANOVA.

Hip surgery waiting duration of >4 days
showed a decreasing trend in the proportion
of patients able to walk with gait aid before
discharge

To compare whether the post-admission
waiting period between the recommended
<2 days, the hospital’s average of <4 days

and more than 4 days affected patients’

treatment outcomes, the patients’ ability to
walk with a gait aid and length of hospital
stay were investigated. To ensure that delay
of 3-4 day post-admission does not affect
walking outcomes, patients included in the
study were divided into four groups: 1) patients
who received surgery within 2 days, 2) patients

who received surgery on day 3-4, 3) patients
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who received surgery within 4 days and 4)
patients who waited for surgery for more than
4 days.

The proportion of patients who were
able or unable to walk using a 4-leg walker
before discharge from the hospital was
compared (Figure 2A). Data suggested negligible
differences between groups that had surgery
within 2 days, on 3-4 days, and <4 days, where
77.78%, 76.47%, and 76.81% were able to
walk using a 4-leg walker before hospital
discharge, respectively. However, the group
of patients who received hip surgery >4 days
post-admission showed a notable decrease in
proportions able to walk with a 4-leg walker
(62.97%). Overall, this result suggested that
an increased waiting duration before surgery
showed a trend decrease in favorable walking
outcomes. However, groups that had surgery
within 2 days, on 3-4 days, and <4 days had

relatively similar outcomes.
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Hip surgery waiting duration of <4 days
reduces hospital length of stay

Another favorable treatment outcome
was the patient’s reduced length of stay (LOS)
at a hospital. To ensure that delay of 3-4 day
post-admission does not affect length of stay,
differences in the LOS were compared
between 1) patients who received surgery
within 2 days, 2) patients who received surgery
on day 3-4, 3) patients who received surgery
within 4 days, and 4) patients who waited for
surgery for more than 4 days. Data suggested
that post-admission duration to surgery
between <2 days, day 3-4, and <4 days
showed no significant differences in the LOS
with the mean + SD of 6.61£3.13, 6.67+3.24,
and 6.65+3.19 days, respectively. On the
contrary, patients who waited for more than
4 days before hip surgery had significantly
longer LOS of 8.40+3.46 days (Kruskal-Wallis,
Dunn’s post-hoc test; 3-4 day vs. >4 day p=0.0358
and <4 day vs. >4 day p=0.015), as shown in
Figure 2B.
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Figure 2 The proportion of patients able to walk, comparing intervals of waiting time before

surgery and outcome before discharge
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Pre-surgery waiting duration of <4 days
favors recovery outcomes, including reduced
time to walk with gait and decreased LOS

Since the differences between the
groups that had surgery within 2 days, on 3-4
days, and <4 days were similar, further study
should focus on comparing patients who had
surgery within 4 days and after 4 days of
hospital admission. The patients’ potential to
regain walking ability before hospital discharge
is a key desirable outcome of hip surgery. The
current study used the Kaplan-Meier curve
and hazard ratio obtained from log-rank
analysis to identify favorable outcome
occurrences. The relationships between post-
admission waiting duration to surgery and
regaining walking ability with gait aid, time to
walking ability with gait aid, and LOS were
investigated.

Log-Rank analysis revealed that the
hazard ratio of patients who underwent
bipolar hemiarthroplasty within 4 days post-
admission and regained the ability to walk
with gait aid was 1.65-fold (p=0.005) higher
than that of patients who waited more than
4 days for bipolar hemiarthroplasty. This
suggests that the successful walking outcomes
with gait aid is better in groups of patients who
had <4 day waiting period compared to groups
who had to wait >4 days (Table 2).

This study also investigated whether
<4 or >4 days pre-surgery waiting influenced

the duration of regaining walking ability using
walking aids. Significant differences between
the mean duration required for a patient to
walk with a gait aid are 4.40+£2.72 and
5.86+3.42 days for pre-surgery waiting periods
of <4 or >4 days, respectively. The hazard
ratio result suggested that the patients who
underwent bipolar hemiarthroplasty within 4
days post-admission and regained the ability
to walk with a gait aid were 1.56-fold (p=0.043)
higher than that of patients who waited more
than 4 days, suggesting that a <4 day waiting
period was favorable for a faster functional
recovery (Table 2).

Longer patient length of stay at the
hospital is an essential factor that reduces the
hospital’s efficiency and increases the extent
of healthcare burdens. This study found that
the mean LOS of patients who had <4 and >4
days pre-surgery waiting periods were 6.65+3.19
and 8.40+3.46, respectively. The results
suggested that patients who had a <4 days
waiting period had significantly lower LOS.
Furthermore, the log-rank analysis of LOS and
ability to walk with a gait aid before discharge
indicated that the risk ratio of patients who
had a <4 days waiting period was 1.57-fold
(p=0.037) higher than that of patients who
waited more than 4 days. This suggested that
<4 days waiting period was favorable for
reducing the length of hospital stay and better
functionality outcomes (Table 2).
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Table 2 Log-rank analysis of relationships between the pre-surgery waiting period, the ability

to walk with a gait aid before discharge, the duration to functional recovery and LOS

Surgery < 4 days  Surgery > 4 days Statistical
after admission after admission significance
N = 69 (%) N = 43 (%) p-value
Ability to walk with a gait aid before discharge
mean (SD)
Able to walk 53 (76.81) 31 (72.09) Odd ratio = 1.96°
Unable to walk 16 (23.19) 12 (27.91) 0.084°
Duration to walking with gait aid mean (SD)
Average 4.40+2.72 5.86+3.42 0.044°
LOS mean (SD) in days
Average 6.65+3.19 8.40+3.46 0.046°
Log-rank hazard ratio A/B B/A
Ability to walk with gait aid 1.65 0.61 0.005°
Duration to walking with gait aid 1.56 0.64 0.043°
LOS 1.57 0.64 0.037¢

* = Fisher’s exact test; ° = Kolmogorov-Smirnov d test; < = Log-rank (Mantel-Cox) test

Discussion

Bipolar hemiarthroplasty is a commonly
chosen treatment option for elderly patients
with femoral neck fractures’, however, the
optimal pre-surgical waiting duration remains
controversial. Generally, the AAOS clinical
practice guidelines and recommendations
suggested that surgical treatment without
delay would yield the best clinical outcome
by reducing the risks of complications, pain,

121 previous studies

and mortality rate
recommended that bipolar hemiarthroplasty
for hip fracture should be performed within
24-48 hours after hospital admission'*,
Conversely, some studies showed that
delaying hip surgery beyond the recommended
timeframe did not affect the patients’

functional outcome and mortality rate'®”. At

J Med Health Sci Vol.32 No.3 December 2025

present, discussions regarding the optimal
window for performing bipolar hemiarthroplasty
in hip fracture patients are still ongoing.
Fergus L., et al”. reported that only
24% of femoral neck fracture patients could
undergo surgery within 24 hours of hospital
admission due to non-medical reasons. Lau TW.,
et al®. Indicated that surgeries are commonly
delayed due to the following reasons: 1) no
standard for ordering preoperative X-rays from
the time the patient arrives in the emergency
room, 2) no standard for ordering blood tests
in preparation for surgery in the orthopaedic
surgery ward, and finally, the leading cause of
delay 3) unnecessary medical problems, one
of which is referral for cardiac examinations.
In Thailand, between 2013-2024, a
study by Charatcharoenwitthaya N., et al®.
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reported significant increases in hip fracture
incidences, rising annual hospitalization costs,
and healthcare burden. Although hip surgery is
recommended to be performed within 24-48
hours after admission, these procedures are often
delayed beyond 48 hours at Buddhasothorn
Hospital and other public hospitals due to
limited resources and operational constraints".
Limitations in staffing, diagnostic instruments,
and operational theatres resulted in long
waiting times, prolonging the duration to
diagnosis and delaying management decisions.
Moreover, routine and non-urgent surgeries
are often scheduled on weekdays, further
prolonging the duration of hip surgery. For
Buddhasothorn Hospital, between 2017-2022,
the average time to hip surgery for 112
admitted patients included in the study was
4.95+3.05 days, where the majority (45.54%)
received surgery on days 3-4, and 61.61% of
admitted patients were treated within 4 days.
This raises the point of whether such delays
affect hip surgery outcomes, particularly
bipolar hemiarthroplasty.

The optimal postoperative outcome
of bipolar hemiarthroplasty is the patient’s
ability to walk before hospital discharge, even
with the use of walking aids. Regaining the
ability to walk has been associated with better
long-term outcomes and increased quality of
life'®. Additionally, evidence suggested that
patients with good scores on the Time Up and
Go (TUG) test, assessing functional mobility
and balance, were more likely to have good
recovery outcomes®. Hence, multiple studies

often selected the ability to walk before

hospital discharge as the primary desirable
outcome to evaluate bipolar hemiarthroplasty
outcomes”. However, the proportions of
patients who were able to walk after hip
surgery vary between reports.

In this study, the ability to walk before
hospital discharge is deemed the primary
desirable outcome to evaluate whether pre-
surgical delays beyond 2 days affected
functional outcomes. Biswas BK, et al.*’ and
Maini PS, et al.” reported that performing
bipolar hemiarthroplasty within 2 days post-
admission resulted in 74%-75% of their
patients regaining good walkability. Consistent
with previous reports, our results showed that
patients who had received bipolar
hemiarthroplasty procedures within 2 days
post-admission had a success rate of 77.78%.

On the contrary, Mitchell SM, et al."’
reported that delaying hip surgery beyond 2 days
did not affect postoperative outcomes but
increased LOS. Relatively similar, our data
suggested negligible differences between the
proportion of admitted patients who received
surgery within the recommended period
(2 days) and those who had surgery on days
3-4 post-admission, where more than 75% of
the patients regained their ability to walk with
a 4-leg gait aid before discharge. Moreover,
the average LOS of patients who had surgery
within 2 and 4 days was similar. For groups of
patients who waited for surgery for more than
4 days, there was a significant increase in LOS
and a noticeable decrease in the proportion
of patients who could walk before discharge.

Therefore, these results suggest the potential
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to increase the pre-surgery waiting timeframe
from within 2 days to within 4 days without
adversely affecting the patient’s functional
outcome.

Since the outcome of bipolar
hemiarthroplasty did not differ between
having surgery <2 days or <4 days, this study
investigated whether the pre-surgery period
of <4 days and >4 days were different. This
study used log-rank analysis to compare the
frequency or rate of events that occurred
(hazard ratio). Compared to a more than 4-day
pre-surgery period, patients who received
surgery within 4 days had a 1.65-fold higher
chance of being able to walk with a gait aid
before discharge. These patients were also
1.56 times faster at recovering walking ability
and had a 1.57 times shorter rate of LOS.
Reduced LOS is highly beneficial in reducing
the cost burden of the hospital while providing
bed space for newer patients to be admitted.

Our results suggest that the waiting
time for bipolar hemiarthroplasty in elderly
patients could be extended to 4 days without
producing adverse events and outcomes. This
4-day extended preoperative waiting duration
would provide a beneficial period to perform
crucial confirmatory tests, such as an
echocardiogram, to ensure the safety of
elderly patients. Furthermore, this extended
waiting duration would reduce the hospital
burden on the surgery queue, the insufficiency
of medical personnel, and limited working
hours on the weekend. Nevertheless, bipolar
hemiarthroplasty surgery should be performed

as soon as possible to reduce the patient’s
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suffering, improve pain control, reduce LOS,
and reduce other potential complications that
may arise due to a delay in surgery.

A limitation of this study is that it is a
retrospective data analysis. As such, controlling
variables that potentially affected the study
is impossible. Additionally, this is a single-
center data collection, and the data may not
be suitable for extrapolation in any context.

Conclusions

Retrospective data analysis from this
study shows that even patients with hip
fractures who had bipolar hemiarthroplasty
delayed by up to 4 days had walking ability
equivalent to those who had surgery within 2
days, as recommended by the AAOS clinical
practice guideline. Therefore, potential delays
of up to 4 days before bipolar hemiarthroplasty
may provide the necessary time to optimally
ensure the patient’s safety before proceeding
with hip surgery, as well as reduce hospital

logistical burdens.
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Cut-off points of parathyroid hormone and serum calcium for

post-thyroidectomy hypocalcemia prediction and early management

Kunkanya Chansomboon
Department of Otorhinolaryngology, Chumphon Khet Udomsak Hospital

Abstract

Postoperative parathyroid hormone (PTH) cut-off points with high sensitivity and specificity
can predict post-thyroidectomy hypocalcemia (PTHC) early and accurately, leading to timely
decisions regarding calcium supplementation. This retrospective chart review primarily aimed
to determine the optimal cut-off point of PTH levels within the first 24 hours after total or
completion thyroidectomy (PTH-24) for predicting PTHC, categorizing patients into low,
intermediate, and high-risk groups. The secondary objective was to find the optimal cut-off point for
calcium levels on postoperative day 1 (CCL-POD1) to predict PTHC in the intermediate-risk
group. This study included inpatients at Chumphon Khet Udomsak Hospital from May 1, 2023,
to April 30, 2025. The study included 86 eligible patients, with 43 (50.0%) developing PTHC. ROC
analysis of PTH-24 levels to predict PTHC yielded an AUC of 0.943 (p<0.001). The optimal cut-off
point is 9.04 pg/ml (with 93.02% sensitivity and 86.05% specificity). However, a cut-off value of
7.83 pg/ml yields a higher specificity of 95.35% and a positive predictive value of 94.70%.
Meanwhile, a cut-off point of 19.35 pg/ml provides a higher sensitivity of 97.67% and a negative
predictive value of 95.45%. In the intermediate-risk group PTH-24 between 7.84-19.35 pg/ml,
ROC analysis of CCL-POD1 to predict PTHC resulted in an AUC of 1 (p<0.001). The optimal
cut-off point was 8.18 meg/dL. In conclusion, patients with PTH-24 219.36 pg/ml combined with
CCL-POD1 28.0 mg/dl, and those with PTH-24 between 7.84 - 19.35 pg/ml combined with
CCL-POD1 =8.18 mg/dl, can safely be ruled out for postoperative hypocalcemia and discharged.
Conversely, for PTH-24 <7.83 pg/ml, immediate initiation of calcium and calcitriol supplementation

is recommended.
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Patients underwent total thyroidectomy/completion thyroidectomy with PHT

level assessed within 24 hr postoperatively

n =103
Patients on preoperative calcium
and/or vitamin D supplement Patients received calcium and/or vitamin D
n=2 supplement postoperatively to prevent
hypocalcemia and did not develop hypocaicemia
Patients with simultaneous during hospital stay
parathyroidectomy intentionally n=14
n=1
Included for analysis
n =86
Hypocalcemic group Normocalcemic group
n=43 n=43

Figure 1 Presents the participant selection

Table 1 Shows a comparison of the epidemiological data between the hypocalcemic and

normocalcemic groups

Hypocalcemic Normocalcemic Total p-value
group group
Total patients (n) (%) 43 (50.0) 43 (50.0) 86 (100)
Age (years)
Mean + SD 46.72 + 154 52.58 + 9.65 49.65 + 13.11 0.038°
Range 15-76 27 -71 15-76
Sex (Female/Male) (n) (%/%) 41/2 (95.35/4.65) 38/5(88.37/11.63)  79/7 (91.86/8.14) 0.433°
Pre operative e-GFR’
(mY/min/1.73 m?)
Mean + SD 103.52 + 19.07 96.9 + 17.2 100.25 + 18.37 0.096°
Range 53.1 -142.02 53.6 - 126.64 53.1 - 142.02
Pre operative CCL" (mg/dl) n (%) = 24 (52.17)  n (%) = 22 (47.83)

(Missing: 19, 44.19%) (Missing: 21, 48.84%)
Mean + SD 9.07 + 0.47 9.2 +0.28 9.13 + 0.39 0.195°
Range 8.38-9.8 8.6-99 8.38-9.9
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Table 1 Continued

Hypocalcemic Normocalcemic Total p-value
group group
Pre operative PTH level' n (%) =9 (37.5%) n (%)= 15(62.5%)
(pg/ml) (Missing: 34, 79.07%) (Missing: 28, 65.12%)

Mean + SD 31.33 + 12.03 26.52 + 10.08 28.33 + 10.86

Range 19.5-56.4 15.6 - 54.3 15.6 - 56.4

Median (IQR) 27.1(22.3, 37.9) 22.5(19.8,31.05)  26.3(20.35, 31.88) 0.238°
Type of surgery (n) (%) 1.00°

Total thyroidectomy 37 (86.05) 37 (86.05) 74 (86.05)

Completion thyroidectomy 6 (13.95) 6(13.95) 12 (13.95)

Additional procedure (n) (%) 0.501°

Parathyroid reimplantation 7(16.28) 6 (13.95) 13 (15.12)

CND, pre/paratracheal 6 (13.95) 4 (9.30) 10 (11.63)

excision +- PLND

PLND only 2 (4.65) 0 2(2.33)

Post operative LOS (days) <0.001°

Mean + SD 235+ 1.15 1.67 £ 1.17 201 +1.2

Range 1-6 1-8 1-8

Median (IQR) 2(2,3) 1(1,2) 2(1,2)

Pre-op diagnosis (n) 0.306°

Hyperthyroidism 4(9.3) 1(2.33) 5 (5.81%)

Bethesda Categories I-IV 22 (51.16) 28 (65.12) 50 (58.14%)

and Hashimoto’s thyroiditis

Bethesda Categories V-V 8(18.6) 4(9.3) 12 (13.95%)

Mass/Nodule without FNA 9 (20.93) 10 (23.26) 19 (22.090%)

result or specific diagnosis
Final diagnosis (n) 0.645°

Benign 28 (65.12) 30 (69.77) 58 (67.44)

Malignant 15 (34.88) 13 (30.23) 28 (32.56)
Unintentionally removed 12 (27.91) 6 (13.95) 18 (20.93) 0.112°
parathyroid glands in
pathology report (n) (%)

Duration of surgery (minutes) 0.602°

Mean + SD
Range

Median (IQR)

187.88 + 129.72
60 - 665
160 (120, 205)

158.95 + 54.37
80 - 315
150 (125, 185)

173.42 + 99.94
60 - 665
(125, 193.75)

J Med Health Sci Vol.32 No.3 December 2025




Table 1 Continued

Hypocalcemic Normocalcemic Total p-value
group group

Time from surgery end to PTH 0.507°
test (minutes)

Mean + SD 136.51 + 190.04 139.37 + 196.01 137.94 + 191.92

Range 18 - 1,053 19 - 1,005 18 - 1,053

Median (IQR) 86 (75, 99) 95 (72, 111) 90 (75, 109.75)
CCL-POD1 (mg/dl) N = 35 N =43 <0.001°
(No medication started on POD 0)

Mean + SD 7.89 + 0.38 8.7 £ 0.33 8.34 + 0.54

Range 6.96 - 8.64 8.22-9.8 6.96 - 9.8

*t-test, "Mann-Whitney U test, ‘Chi-square test, “Fisher’s exact test
CCL = corrected calcium level; CCL-POD1 = corrected calcium level on postoperative day 1; CND = central neck

dissection; PLND = posterolateral neck dissection; FNA = fine needle aspiration; LOS = length of stay

Test was performed within 3 months prior to the surgery

AnsendulAe Receiver-operating characteristics
(ROC) dmsuszauvasgaslaunisinssuanely
24 Falaenderndaiiiaiuientizunaaidoy
Tuidens

Nl (AUC) Anihy 0.943 (p<0.001)
et optimal cut-off point @115UsEAU PTH-24
9g# 9.04 pg/ml (95% Cl: 0.896 - 0.989)
(sensitivity 93.02%, specificity 86.00%) i}
sensitivity kag specificity ¥93358auU PTH
Tumsiunediaedl PTHC agulilumsned 2
(Table 2) agnslsfinu cut-off point 7 7.83 pg/ml
11 specificity ﬁq&%uﬁmﬂu 95.35% Wag positive
predictive value Ao 94.70% veugd cut-off
point 71 19.35 pe/ml i sensitivity ﬁq&%uﬁﬂlﬁu
97.67% Wag negative predictive value Ay
95.45%

dlohas1evi logistic regression Lite
Useidiui cut-off point nnududasyaintade
saudu wui PTH-24 WHuildeildvhuisnne

9 |

waadeuludendldegadivedfey (p<0.001,
OR = 0.706) wagdaudu protective factor lng
ledn PTH gy 1 pe/ml Iamaﬁﬁﬂammﬁm
amzuaadosludensnazanad 29.4% Turaed
Hadusuuq 1dun inadvertent parathyroid
removal (p=0.879) way type of surgery
(p=0.492) Wllgithutadendesiidfyoenafided iy

9nilld cut-off point vee PTH-24 Lite
wUssERuAMILABaINISiAin PTHC léun

1. High risk fie szduauAsaiiesesy
PTH-24 <7.83 pg/ml

2. Low risk Ao sefupnudeaiioseiu
PTH-24 >19.36 pg/ml

3. Intermediate risk #i8 seAUAILAY
dlosesu PTH-24 = 7.84 - 19.35 pg/ml

dloth cut-off point 783 PTH-24 nduly
Fuunmnudsstunguitasyaiiu azldnadns
Tuthsweudnuilssmenuiaduandlumsed 3
(Table 3)
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Figure 2 Shows the receiver-operating characteristic (ROC) curve for parathyroid hormone (PTH)

levels within 24 hours postoperatively for predicting hypocalcemia. The Area Under the Curve

(AUC) was 0.941 (p<0.001).

Table 2 Shows the sensitivity, specificity, and positive predictive value of the cut-off point for

PTH-24 levels in predicting hypocalcemia

PTH-24 (pg/ml) Sensitivity (95% ClI) (%) Specificity (95% CI) (%) PPV (%) NPV (%)
>7.83 83.72 (69.30 - 93.19) 95.35 (84.19 - 99.43) 94.70 85.42
>9.04 86.05 (72.07 - 94.70) 93.02 (80.94 - 98.54) 92.50 86.96
>19.35 97.67 (87.71 - 99.94) 48.84 (33.31 - 64.54) 65.62 95.45

PTH-24 = PTH level within 24 h post-operatively; Cl = confidence interval; PPV = positive predictive value; NPV =

negative predictive value

Table 3 Shows in-hospital outcomes stratified by the risk levels of developing hypocalcemia

Low risk Intermediate risk  High risk Total

Number (n) (%) 22 (25.58) 26 (30.23) 38 (44.19) 86 (100)
CCL-POD1 test (No medication 22 (100) 25 (96.15) 30 (81.08) 77 (90.59)
started on POD 0) (n) (%)
CCL-POD1 (No medication p<0.001°
started on POD 0) (mg/dl)

Mean + SD 8.68 + 0.33 8.55 + 0.48 7.93 +0.44 Low-interm: p=0.92"

Range 7.74-9.2 76-98 6.96-876  Low-high: p<0.001°

Interm-high: p<0.001"
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Table 3 Continued

Low risk Intermediate risk  High risk Total
PTHC (n) (%) 1 (4.55) 6 (23.08) 36 (94.74) 43 (50.0)
Symptomatic from PTHC (n) 1 (100) 1(16.67) 19 (52.78) 21 (48.84)
(% of those with PTHC)
PTHC with supplementation (n) (%) 1 (100) 4 (66.67) 35(97.22) 40 (93.02)
No supplementation (n) (%) 21 (95.45) 22 (84.62) 3 (7.89)
PTHC, no supplementation (n) (%) 0 2 (33.33) 1(2.38)
PTHC, no supplementation, and 0 0 0

hypocalcemia at follow-up (n)

*ANOVA, "Bonferroni Post Hoc tests

CCL-POD1 = corrected calcium level on postoperative day 1; Interm = Intermediate; PTHC = post-thyroidectomy

hypocalcemia; PODO = postoperative day 0

AnsendulAe Receiver-operating characteristics
(ROC) wa4 corrected calcium level #adH1AN
Fuusn avihunenzuaadesludonn Tungy
Intermediate risk

ideya CCL-POD1 AAsizgUlengy
intermediate riskImaﬁm@ﬂwﬁiﬁ%’umLa'%mé'?mi
WEBETT 0 (1 990 26 518) WuT AUC whitu 1

1.0

(p<0.001), optimal cut-off point‘ﬁ 8.18 mg/dl
Tnedl sensitivity Anliu 100% (47.82% - 100.00%),
specificity Ay 100% (83.16% - 100.00%)
ﬁ&‘gﬂﬁl 3 (Figure 3) AWM positive predictive
value Anidu 100.009% (47.82% - 100.00%) Uaz
negative predictive value Aatdu 100.00%
(83.16% - 100.00%)

0.8
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0.6
1
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Figure 3 Shows the receiver-operating characteristic (ROC) curve for CCL-POD1 levels in predicting

hypocalcemia. The Area Under the Curve (AUC) was 1 (p<0.001).

J Med Health Sci Vol.32 No.3 December 2025




ATILN sensitivity analysis NIz
intermediate risk TngaaaUdeu outcome
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WU AUC, optimal cut-off point, sensitivity,
specificity, positive predictive value, negative
predictive value lanavinAuNanIsAILILYES
N TIdadenan

NadWSvBILiaznguAUIEsAslaRamuMsNKN
nasImng

1. g low risk wuanEaesimun
22 578 ifies 1 1e7An PTHC Tnefthesesena
$i5¢6u CCL-POD1 wirfiu 7.74 mg/dl aghalshnny
fuaeia 22 8 liwuns re-admission 91
azuaa@ouludendlurieszninediguae
sefnnueINIMdsT e Takszesnaiana
eMsvasmnedaisegm (Wdeserinnielng)
winfu 19 3 (16, 26.75) a5 iesitanziflae

AdwielaglalléFuenaiy nauildsunisnam
syiuuaaBeumdssiving wuilifigieseled
seAULAALTYNTBENIT 8.5 mg/dl VuuLAEIY
nauitliildmmamseiunaadounuinlufifuae
nelpifomsanamzunaideludossh fgui 4
(Figure 4)

2. Ngy intermediate risk \iiati1e1A1
cut-off point ¥8¢ CCL-POD1 3 uungthengs
intermediate risk YALFIM UAIRANUNAITINUE
aaoangy wuirludfuaeselafiiiunmsl
amzueadesludendmiegs nauililldngaam
szduunadesmulififtieselafifonnisann
amzueadenludonsth uenaindudlinuns
re-admission 9nnzuAaBesluEens v3og
dnene dmsuteyaihaulavesunaeaiile
$nw1 PTHC flvneudmine wuii 2 910 4 519
A5y CaCo, (1,500) 1 tab po bid pc 3wy
calcitriol (0.25) 1 tab po OD pc ﬁ&gﬂ‘ﬁl 5 (Figure 5)

Low risk
n=22

-1: received supplement

L

n=21(

95.45%)

F/U and follow up CCL

F/U without follow up CCL

n = 18 (85.71%)

CCL >= 8.5 me/dl
n = 18 (100%)

Figure 4 Shows the outcomes of the low-risk gr

n =3 (14.29%)

No symptoms of hypocalcemia
n =3 (100%)

oup, specifically for patients who did not receive

calcium and/or vitamin D supplements prior to discharge, upon follow-up post-discharge

(CCL = corrected calcium level; D/C = discharge; F/U = follow up)
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Intermediate risk
n=26

-1: started supplement since
PODO

n = 25 (96.15%)

CCL-POD1 < 8.18 mg/dl

CCL-POD1 » 8.18 mg/dl

n =5 (20%)

l

Hypocalcemia
n =5 (100%)

Supplementation
n = 3 (60%)

No Supplementation
n = 2 (40%)

n = 20 (80%)

l

Normocalcemia without
supplement
n = 20 (100%)

F/U

Hypocalcemia or
hypercalcemia
n=0

Hypocalcemia or
hypercalcemia
n=0

No symptoms of hypocalcemia
without follow up CCL
n = 4 (20%)

Followed CCL > 8.5 mg/dl
n = 16 (80%)

Figure 5 Shows the outcomes of the intermediate-risk group

(CCL-POD1 = corrected calcium level on postoperative day 1; CCL = corrected calcium level;

D/C = discharge from hospital; F/U = follow-up; PODO = postoperative day 0)

3. ngu high risk Failruidesgsiioziin
PTHC wugthedinaminmzunadesludon
36 970 38 519 Anulu 94.74% iflefnnumdd
Swnheamznauitlisuenaiy Jaivimun 35
(97.22%) WuindwIugUE 5 518 (14.28%)
fauthinasinzueaidesludend I 4 90 5 5%
i cCL laitforndn 7.6 m/dl finileneiisinguuss
nunmzuaagesludensgd 3 918 (8.57%) lae CCL

fiAnsening 10.6 - 11.8 me/dl Fsdnoglungy
ANUTULSItD FUengu high risk ynseliny
n15 re-admission AN zLAAdEluEDRG
uazge WeTeuiisunadwsszninenguilisy
BASUGUANEIEFATuR 0 uazndeTudl 0
NAUNUIT UL TUUOU (length of stay; LOS)
Lﬁaﬁfumﬂi’uméfmaaﬂduﬁL‘%'mmﬁy’mwma"qmﬁm
Fufil 0 (PODO) wunIUszaNm 1 Fu
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Table 4 Compares the outcomes of the high-risk group between patients who started supplement

on postoperative day 0 and those who started after postoperative day 0

Medication Medication started All p-value
started on PODO after PODO
Number (n) (%) 7 (20.0) 28 (80.0) 35 (100)
Length of stay from surgery (days) 0.008°
Mean + SD 3.86 + 1.57 2.14 + 0.85 249 + 1.22
Range 2-6 1-4 1-6
Median (IQR) 3(3,5) 2(1.75, 3) 2(2,3)
CCL before D/C (mg/dl) 0.019°
Mean + SD 8.31 + 0.19 791 041 7.99 + 0.41
Range 7.9-85 7-8.88 7-8.88
Hypocalcemia at F/U (n) (%) 2 (28.57) 3(10.71) 5(14.29) 0.256¢
Hypercalcemia at F/U (n) (%) 0 3(10.71) 3(8.57) 1.000°
Re-admission due to Hypocalcemia (n) 0 0 0
CCL at F/U (mg/dL) 0.31°
Mean + SD 8.74 + 1.27 9.17 £ 0.92 9.08 + 0.99
Range 6.5-10.18 7.6-118 6.5-11.8

*t-test, "Mann-Whitney U test, “Fisher’s exact test
PODO = postoperative day 0; CCL = corrected calcium level; D/C = discharge; F/U = follow up; PTH-24 = PTH level
within the first 24 hours after thyroidectomy

Busvsernmfouinsnaiuvesngy  ludeaduuinaanteurhmsdmiing uaaadins
high risk fAumannvans fthevsnedeldu  lemAnnumdsdiming anasawuIngUae
gmaneAsaIunIyle CCL ivwele finsaii s i 65% ey CaCo, TaitAn 9,000 mg sy
(Table 5) azuansnIsdnnguuaseiaduia CaCO,  calcitriol laitfiu 0.5 pig Tagvnaeiilsmenuiald
waz calcitriol Ml¥¥nwdUisnnzuaadon  fo CaC0, 1,500 mg/iln uae Calcitriol 0.25 ig/kln
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Table 5 Shows the frequency and outcomes of the various supplement dosages last administered

to high-risk patients prior to discharge

Group  CaCO, Calcitriol N (%) Follow up
cElly el Hypocalcemia CCL<8 mg/dl CCL (mg/dl) Hypercalcemia
dosage  dosage N (%) N(%)  Mean # Std N (%)
(Range)
1 <9,000 mg <0.5ug 23 (65.71) 3 (13.64) 2 (8.70) 9.05 + 0.87 2(8.7)
(7.6-10.6)
2 >9,000 mg  <0.5 pg 3 (8.57) 0 0 9.02 + 0.32 0
(8.78-9.38)
3 <9,000 mg  >0.5 pg 7 (20.0) 1(14.29) 0 9.59 + 1.14 1(14.29)
(8.3-11.8)
4 >9,000mg  >0.5 ug 2 (5.71) 1 (50.0) 1 (50.0) 773 £ 1.74 0
(6.5-8.96)
Total 35 (100) 5(14.29) 3(8.57) 9.08 + 0.99 3(8.82)
(6.5-11.8)
0=0.394" 0=0.343" 0=0.126° p=1.000"

*ANOVA, °Fisher’s exact test
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| Post operative TTD or CTD |

!

I PTH-24, Calcium, albumin DO ]

|

, l

PTH < 7.83 pg/ml | |

PTH 7.84-19.35 pg/ml

l I PTH > 19.36 pg/ml

l

Start supplement CaCO3
(1500) 2x3-4 po pc + Calcitriol
(0.25) 1-2x2 po pc

v

I No supplement DO

No supplement DO

ccL-POD1 )
(Morning) I < 8.18 mg/dl | |8.1878.49 mg/dll > 8.5 me/dl ‘

< 8 mg/dl Ii > 8 mg/dlL

L |

1

—| fons l laifianns | fianns | | luidianns luigionns
Start supplement CaCO3
(1500) 1-2x2 po pc + Calcitriol No No Anmu calcium No
(0.25) 1x1-2 po pc supplement | | supplement albumin D2 supplement

Figure 6 Proposed algorithm for initial post-total and completion thyroidectomy calcium

management guided by 1% 24 hours PTH level and postoperative day 1 calcium level

(TTD = total thyroidectomy; CTD = completion thyroidectomy; DO = on surgery date (post

operation); CCL-POD1 = corrected calcium level on postoperative day 1; D2 = on postoperative

day 2)
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Probiotic Limosilactobacillus reuteri TF7 protects against dyslipidemia and
inflasnmation via modulating gut microbiota in high-fat-diet-induced obese rats
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Abstract

Dyslipidemia is a condition characterized by abnormally high levels of cholesterol and
triglycerides. It has numerous negative health effects, which are partly due to increased levels
of oxidative stress and inflammation. The resulting health problems include obesity, diabetes,
and non-alcoholic fatty liver disease (NAFLD). Several studies have shown that probiotics are
beneficial live microorganisms that can promote overall health and well-being, particularly
through their lipid-lowering properties and supportive role in maintaining metabolic balance.
Thus, this study aimed to investigate the effects of the probiotic Limosilactobacillus reuteri TF7
on lipid-lowering; inflammatory mediators; antioxidant activities; intestinal local immunity; and
gut microbiota balance in high-fat-diet-induced obese rats. The study showed that oral
administration of the probiotic resulted in body weight loss, lower blood glucose and lipid
levels, and elevated cholesterol-7Ql-hydroxylase activity. In addition, L. reuteri TF7 reduced
liver enzyme levels and pro-inflammatory cytokines tumor necrosis factor-alpha (TNF-QL) and
interleukin-6 (IL-6), which led to decreased liver fat accumulation. The probiotic reduced oxidative
stress by boosting antioxidant enzyme production, including superoxide dismutase (SOD) and
glutathione peroxidase (GPX). The research demonstrated two approaches to enhancing intestinal
local immunity: increased expression of the zonula occludens-1 (ZO-1) protein and reduced
expression of TLR proteins. The gut microbiota achieved balance through L. reuteri TF7, which
promoted the growth of beneficial bacteria. Our findings indicate that the probiotic strain
L. reuteri TF7 has the potential to effectively reduce risk factors associated with dyslipidemia.
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Introduction

Dyslipidemia is a condition in which
blood lipid levels become abnormal, leading
to elevated cholesterol and triglyceride
concentrations. These abnormalities can cause
obesity and diabetes and contribute to
cardiovascular disease and non-alcoholic fatty
liver disease (NAFLD)"?. Dyslipidemia also leads
to the accumulation of visceral fat, resulting
in elevated levels of free fatty acids (FFAs).
These FFAs can induce the release of
inflammatory cytokines such as tumor necrosis
factor-alpha (TNF-QL) and interleukin-6 (IL-6)’.
Moreover, increased levels of unsaturated
fatty acids can react with reactive oxygen
species (ROS) to cause lipid peroxidation that
results in malondialdehyde (MDA) secretion
as an oxidative end product®. Elevated MDA
levels create oxidative stress, which can lead
to various health issues. It has been reported
that dyslipidemia is associated with alterations
in the structure and function of the gut
microbiota’. Dyslipidemia can disrupt the
balance of the gut microbiota, allowing
harmful bacteria to proliferate and triggering
inflammatory and immune responses through
the activation of toll-like receptors (TLRs). This
process weakens intestinal barrier integrity,
leading to a “leaky gut.” This condition may
allow lipopolysaccharides (LPS) to enter the
bloodstream, causing chronic inflammation
and lipid metabolism disorders®’. Although
statins and other lipid-lowering drugs effectively
treat dyslipidemia, their long-term use can
cause side effects such as muscle pain,

hepatotoxicity, and diabetes®,

Probiotics consist of live microorganisms
that help restore and maintain gut microbiota
health, thereby improving total body wellness.
Several studies have demonstrated that
probiotics are safe and have no adverse effects
while promoting health benefits’. They serve
as a supportive approach for preventing and
improving diet-induced lipid metabolism
disorders and related chronic diseases™.
Probiotics help lower lipid levels by producing
bile salt hydrolase (BSH), an enzyme that
converts bile salts into deconjugated forms
that are less soluble in water. These
deconjugated bile salts are excreted through
feces, prompting the body to use cholesterol
to synthesize new bile salts, which results in
decreased blood lipid levels". Lactobacilli
are a major component of the human gut
microbiota and represent one of the most
commonly used and studied probiotics™.
Many Lactobacillus strains have been shown
to exert cholesterol-lowering effects in the
host and to help reduce inflammation and
liver damage associated with obesity™™.
Limosilactobacillus is one of the new genera
that were separated from the original
Lactobacillus in 2020". In addition, various
Limosilactobacillus strains contain genes
encoding BSH, and numerous studies have
demonstrated their beneficial effects on
dyslipidemia-related conditions in animal

models'®"

.Forexample, L. fermentum HNU312
improved lipid metabolism and gut microbiota
balance, reducing body weight, lipid levels,
and inflammation caused by a high-fat diet'.

Furthermore, L. reuteri suppressed the
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proinflammatory cytokine TNF-OL while
enhancing the anti-inflammatory cytokine
interleukin-10 (IL-10), with these effects
associated with the TLR4 response”. Finally,
gut microbiota imbalance was improved by
supplementation with a L. reuteri strain®.
Limosilactobacillus reuteri TF7, isolated
from traditional Thai food, may be well suited
for protecting against dyslipidemia and related
conditions, as it exhibits strong BSH activity and
effectively reduces lipid levels in rats* . This
study aimed to build upon previous findings
on this strain’s anti-dyslipidemic potential by
thoroughly evaluating its effects on lipid
regulation, inflammation, antioxidant activity,
intestinal local immunity, and gut microbiota

balance in high-fat-diet-induced obese rats.

Materials and Methods
Ethical approval

All animal experiments were conducted
in accordance with institutional and national
ethical guidelines to ensure animal welfare
through proper care practices. The study
protocol was reviewed and approved by the
Animal Ethics Committee of Srinakharinwirot
University (approval number: COA/AE-004-2564).

Preparation of probiotic strain and high-fat diet

The L. reuteri TF7*" strain, a probiotic
isolated from traditional Thai foods, was supplied
by the Center of Excellence in Probiotics,
Faculty of Medicine, Srinakharinwirot University,
Thailand. L. reuteri TF7 was prepared for the
animal study using standard microbiological

methods. The bacteria were thawed from -80 °C

J Med Health Sci Vol.32 No.3 December 2025

storage before being grown on de Man, Rogosa,
and Sharpe (MRS) agar (HiMedia, India) at 37 °C
under anaerobic conditions for 48 hours. The
colonies were subsequently subcultured three
times to achieve both purity and stable culture
conditions. The cells were harvested by
centrifugation at 4,000 x ¢ for 5 minutes at 4 °C
to separate them from the MRS broth, then
washed and resuspended in PBS solution at
a concentration of 10” CFU/mL.

The high-fat diet (HFD), a modified
formulation derived from Puttarat et al.,
contained the following components (% w/v):
40% fresh egg yolk, 17.2% beef tallow, 16.25%
egg yolk powder, 12.5% sucrose, 5% cholesterol
powder, and 0.5% sodium cholate. The
composition of this diet provided 487.05 kcal of
metabolizable energy per 100 ¢ of food. The
basal diet (control), obtained from the National
Laboratory Animal Center at Mahidol University
Thailand, contained 52% carbohydrates, 24%
protein, 5% fiber, and 4.5% fat, providing 146.5
kcal of total metabolizable energy per 100 g.

Animal experiment and feeding protocol

Male Sprague-Dawley rats aged eight
weeks and weighing 250-280 ¢ were purchased
from Nomura Siam International Co., Ltd.
(Thailand). The Medical Center Animal Care
Laboratory at Srinakharinwirot University
maintained the animals under laboratory
conditions with environmental settings of
22 + 2 °C, 55 + 10% relative humidity, and a
12-h light/dark cycle. After a one-week
acclimatization period, the rats were randomly

assigned to three experimental groups (n = 5
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per group based on a previous study®™): (1)
normal control (NC), (2) high-fat diet control
(HFD), and (3) HFD with L. reuteri TF7
supplementation (HLR7).

The animal experiment was conducted
over 12 weeks. During weeks 1-4, the NC group
received 2 mL of phosphate-buffered saline
(PBS) daily by oral gavage. The HFD group was
administered 1 mL of PBS and 1 mL of the HFD
mixture, whereas the HLR7 group received 1 mL
of L. reuteri TF7 suspension (10° CFU/mL in PBS)
together with 1 mL of HFD. From weeks 5-12,
all treatments were provided at twice the
initial dosage. The experimental design and
feeding regimen are illustrated in Figure 1A.

Throughout the experimental period,
all animals had free access to the basal diet
and water. Body weight, food intake, and water
consumption were recorded weekly, and fecal
samples were collected at the end of the
study. Following a 12-h fasting period, all rats
were anesthetized with isoflurane (Piramal
Critical Care, USA) and euthanized. Blood
samples were collected by cardiac puncture
into NaF-treated and heparinized tubes. The
liver, abdominal fat, and colon tissues were
collected for subsequent analyses. The liver
and abdominal fat were weighed immediately
after collection. Finally, the liver index and
abdominal fat index were calculated as the
ratio of the wet organ weight to the final body
weight.

Biochemical analysis
Blood samples were promptly centrifuged

at 4,000 x ¢ for 10 min at 4 °C to obtain plasma.

The separated plasma samples were analyzed
for total cholesterol (TQ), triglycerides (TG),
high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C),
fasting blood glucose (FBG), aspartate
aminotransferase (AST), and alanine
aminotransferase (ALT). All analyses were
performed by Professional Laboratory,
Thailand (PROLAB).

Histological analysis

Liver tissue samples were fixed in 4%
paraformaldehyde solution at 4 °C overnight,
followed by ethanol dehydration for 1-2 hours.
The tissue samples were embedded in
paraffin, and 3-5 um-thick sections were cut
using a microtome (HistoCore Multicut, Leica
Biosystems, Germany). The tissue sections
were stained with hematoxylin and eosin (H&F)
and Oil Red O, followed by microscopic
examination under a light microscope
(Olympus UC50, Japan) in 10 randomly
selected fields at 400x magnification. The NAS
(Nonalcoholic Fatty Liver Disease Activity
Score)” tool was used to evaluate liver injury
associated with obesity. The NAS score ranges
from 0 to 8 and represents the combined
score of steatosis (0-3), lobular inflammation
(0-3), and hepatocyte ballooning (0-2).

For semi-quantitative evaluation,
colon tissues were processed as described
above and stained with H&E. Ten randomly
chosen areas were examined under an
Olympus UC50 light microscope at 200x
magnification. The Geboes Score (GS)* was

used to evaluate histopathological damage by
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assessing erosions or ulcerations, mononuclear
cell infiltration, tissue architecture, and crypt
integrity. The scoring system ranges from 0 to 5,
representing no abnormality at 0, immune
cells in the lamina propria at 1-2, epithelial
infiltration at 3, crypt destruction at 4, and the
most severe condition of severe erosion or
ulceration at 5. Paracellular permeability in
the ascending colon was assessed using
immunohistochemical methods to detect the
tight junction protein zona occludens-1 (ZO-1)
by applying polyclonal antibodies (61-7,300;

Invitrogen).

Assessment of hepatic cholesterol-70L-
hydroxylase (CYP7A1) level

Liver tissues were homogenized (10%
w/V) in RIPA lysis buffer (Sigma-Aldrich, USA).
The homogenates were then sonicated on ice
using an ultrasonic homogenizer (Sonoplus,
Germany) for 3-5 min at a power output of
25-30% (approximately 180 W). The resulting
lysates were centrifuged at 300 x ¢ for 10 min
at 0 °C, and the supernatants were collected
for subsequent analyses.

CYPT7AL levels in the homogenized
liver tissues were quantified using a CYP7A1
enzyme-linked immunosorbent assay (ELISA)
kit, following the manufacturer’s protocol
(MyBioSource, San Diego, CA, USA).
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Assessment of anti-inflammation activities
in liver tissues

Homogenized liver samples were used
to quantify levels of tumor necrosis factor-alpha
(TNF-QU), interleukin-6 (IL-6), and interleukin-10
(IL-10) using enzyme-linked immunosorbent
assay (ELISA) kits (Invitrogen, Waltham, MA, USA)
according to the manufacturer’s protocol.

Assessment of antioxidant activities in liver
tissues

The levels of malondialdehyde (MDA),
superoxide dismutase (SOD), and glutathione
peroxidase (GPX) in homogenized liver tissues
were determined using commercially available
assay kits (Cayman Chemical, Ann Arbor, MI,

USA) following the manufacturer’s instructions.

Quantitative real-time PCR

Quantitative real-time PCR was
conducted to analyze the expression of genes
that regulate inflammatory responses and bile
acid production. Total RNA was isolated from
liver and colon tissues using TRIzol reagent
(Thermo Fisher Scientific, USA). Complementary
DNA (cDNA) was synthesized from the extracted
RNA using a reverse transcriptase kit (Applied
Biosystems, UK). Quantitative PCR was
performed on the QuantStudio™ 6 Flex Real-Time
PCR System (Applied Biosystems, USA) with
SYBR® Green PCR Master Mix. The [3-actin
gene was used as an internal control to
normalize the relative expression levels of
target genes. Primer sequences are presented
in Table 1.

113



114

Table 1 Primer sequences used in this study

Gene

Forward

Reverse

Cytochrome P450 7A1 (CYP7A1)
Toll-like receptor 2 (TLR-2)
Toll-like receptor 4 (TLR-4)

ﬁ—act/n

5’-TGCCGGTACTAGACAGCATC-3’
5’-CGCTTCCTGAACTTGTCC-3’
5’-GCATCATCTTCATTGTCCTTGAGA-3’
5’-ACTGCCCTGGCTCCTAGCA-3’

5’-TCCTCCTTAGCTGTGCGGAT-3’
5’-GGTTGTCACCTGCTTCCA-3’
5’-CTCCCACTCGAGGTAGGTGTTT-3’
5’-GCCAGGATAGAGCCACCAATC-3’

Intestinal microbiota analysis

Fecal samples were collected at the
end of the experiment for microbiome
profiling using next-generation sequencing
(NGS). DNA was extracted with the QlAamp
Fast DNA Stool Mini Kit (Qiagen, USA) following
the manufacturer’s protocol. DNA concentration
and purity were measured by using a NanoDrop
2,000 spectrophotometer (Thermo Fisher
Scientific, Waltham, MA, USA). The V3-V4
variable regions of the bacterial 16S rRNA gene
were amplified and sequenced on an Illumina
MiSeq platform (Illumina, San Diego, CA, USA).

Bioinformatic analysis was performed
using Quantitative Insights Into Microbial
Ecology version 2.0 (QIIME2) software, where
high-quality sequences were clustered into
Operational Taxonomic Units (OTUs) at 97%
similarity against the Silva database. The
Shannon index was used to assess alpha-
diversity, while beta-diversity was evaluated
using UniFrac distances and visualized via

Principal Coordinate Analysis (PCoA).

Statistical analysis
All experiments were conducted in
triplicate, and the results were presented as

means + standard deviation (SD). Statistical

analysis was performed using GraphPad
version 10.1.0 (San Diego, USA). Data normality
was assessed using the Shapiro-Wilk test.
Differences between groups were analyzed
using one-way ANOVA followed by Tukey’s
multiple comparison test; if the data in at least
one group were not normally distributed, the
Kruskal-Wallis test with Dunn’s post-test was
used, as shown in the figure legends. Statistical

significance was defined as a p-value < 0.05.

Results
Body weight, body weight gain, and visceral
tissue indices

To evaluate the effects of probiotics
on physiological abnormalities associated with
dyslipidemia, body weight, body weight gain,
food and water intake, and visceral tissue
indices were assessed in rats fed a high-fat
diet (HFD). As shown in Figure 1, body weight
increased in a time-dependent manner in all
three experimental groups over the 12-week
study period. Rats in the HFD control group
showed the greatest and most significant
weight gain compared with the normal control
(NC) group. Conversely, supplementation with
L. reuteri TFT (HLRT7) significantly reduced body
weight in HFD-fed rats compared with the HFD
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group (Figure 1B, C). Moreover, no significant body weight findings, showing significantly higher
differences in food or water intake were  valuesin the HFD group than in the NC and HLR7
observed among the experimental groups groups (Figure 1D, E). In contrast, no significant
(data not shown). The results for abdominal fat  differences were observed among the groups

weight and fat index were consistent with the with respect to liver indices (Figure 1F, G).
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Figure 1 Experimental design of the obese rat model and the effects of L. reuteri TF7
supplementation on body weight and visceral tissue indices. (A) Experimental protocol: rats fed
a daily oral gavage of PBS (NC), a high-fat diet (HFD), or an HFD supplemented with L. reuteri
TF7 (HLR7) at a concentration of 10° CFU/mL. From weeks 5-12, the dosage was doubled. (B)
Weekly body weight, (C) Body weight gain, (D) Abdominal fat weight, (E) Abdominal fat index,
(F) Liver weight, and (G) Liver index. (A-G) n = 5 per group. One-way ANOVA followed by Tukey’s

post-test was used. Error bars represent mean + SD.
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Lipid profile, blood glucose levels, and liver
histology

To determine the effect of L. reuteri
TF7 supplementation on lipid metabolic
disorders associated with dyslipidemia,
important parameters related to dyslipidemia
were measured, including lipid profile (TC, TG,
LDL-C, and HDL-C) and FBG. Additionally, liver
tissue was examined for CYP7A1 gene
expression and protein levels, which represent
the main regulatory enzyme of bile acid
biosynthesis within the cytochrome P450
family responsible for removing cholesterol
from the body. The levels of TC, TG, and LDL-C
were significantly increased compared with
the normal control, whereas HDL-C levels were
decreased in rats fed the HFD. L. reuteri TF7
was able to restore TC, TG, and LDL-C levels
almost to control levels; however, no
significant improvement was observed in
HDL-C levels (Figures 2A-D). The HFD group
exhibited a significant elevation in FBG levels,

which were fully restored to normal control

values following L. reuteri TF7 supplementation
(Figure 2E). Finally, both CYP7A1 protein and
gene expression were significantly upregulated
in the HLR7 group compared with the HFD
group (Figure 2F, G).

High blood lipid levels activate
lipolysis, leading to liver fat accumulation and
resulting in hepatic steatosis. Therefore, liver
histology was examined. The hepatocytes in
liver tissue were stained with H&E. The
morphology of cells from the NC and HLR7
groups appeared normal. The cells were
spherical with defined boundaries, and the
nuclei were situated at their centers. In
contrast, hepatocytes from the HFD group
showed abnormal ballooning morphology
with enlarged nuclei and increased intracellular
lipid droplets (Figure 3A). Moreover, the Oil
Red O staining results showed that the HFD
group accumulated more lipids than the NC
and HLR7 groups (Figure 3A), and the HFD
group had a significantly higher liver injury
score than the other groups (Figure 3B).
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Figure 2 The effects of L. reuteri TF7 supplementation on lipid profile, fasting blood glucose,
and hepatic cholesterol-70l-hydroxylase levels in rats at the end of the experiment. (A) Total
cholesterol (TC), (B) Triglyceride (TG), (C) LDL-C, (D) HDL-C, (E) Fasting blood glucose (FBG), (F)
CYPTA1 protein level, and (G) CYP7A1 gene expression of rats in each group. (A-G) n = 3 per
group. One-way ANOVA testing followed by Tukey’s post-test analysis was used. Error bars

represent mean + SD.

J Med Health Sci Vol.32 No.3 December 2025

117



Oil Red O

HFD HLR7

B
ns
84
p<0.0001 p<0.0001

2 I 1 I
S 6+ ] j]: o
Q
w
5. L aks ¢
£
=
@
=2 AL
= i

. I e

NC HFD HLR?

Figure 3 The effects of L. reuteri TF7 supplementation on liver histology. (A) Photomicrographs
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Anti-inflammatory and antioxidants activities

Organ damage from dyslipidemia
occurs due to elevated blood lipid levels. The
liver is one of the primary organs affected, and
AST and ALT enzymes serve as key indicators
of liver damage and inflammation. The HFD
group exhibited significantly higher AST and
ALT levels than the NC group, whereas
supplementation with L. reuteri TF7 significantly
reduced these enzymes to near-control values

us |

(Figure 4A, B). The cytokine results also
demonstrated the anti-inflammatory effects
of L. reuteri TF7. HFD feeding significantly
elevated pro-inflammatory cytokines (TNF-QL
and IL-6) while suppressing anti-inflammatory
IL-10 levels compared to the NC group.
Following L. reuteri TF7 supplementation,
these cytokine levels were restored toward
normal (Figure 4C-E).
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Consistently, L. reuteri TF7 supplementation
also enhanced antioxidant defenses, as
indicated by reduced malondialdehyde (MDA)

levels, a key biomarker of oxidative stress, and

increased activities of superoxide dismutase
(SOD) and glutathione peroxidase (GPX)
antioxidant enzymes in liver tissue (Figure 4F-H).
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Figure 4 The effects of L. reuteri TF7 supplementation on anti-inflammatory and antioxidant

activities. (A) AST (aspartate transaminase) and (B) ALT (alanine transaminase) in plasma. (C)
TNF-QL, (D) IL-6, (E) IL-10, (F) MDA, (G) SOD, and (H) GPX in liver tissue. (A-H) n = 3 per group.
One-way ANOVA followed by Tukey’s post-test was used. Error bars represent mean + SD.
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Intestinal inflammation and local immunity

The intestinal epithelium functions as
the main physical and immune barrier. Its
integrity depends on zonula occludens (ZO)
tight junction proteins, which connect cells
while controlling the passage of substances
between them. Toll-like receptors (TLRs) play
a key role in local immune responses against
pathogens, and their expression is increased
during inflammation. Dyslipidemia can impair
the intestinal barrier, resulting in structural
damage and functional deficits.

To evaluate structural damage to the
intestinal barrier, colon tissue morphology was
examined using H&E staining, and the tight
junction protein zonula occludens-1 (ZO-1)
was detected using immunohistochemistry.
The HFD group showed intestinal epithelial
damage characterized by severely disrupted
crypts and mononuclear cell infiltration in
both the lamina propria and epithelial layers.
In contrast, the NC and HLR7 groups displayed

normal epithelial architecture without

mononuclear cell infiltration, as shown in
Figure 5A. These findings corresponded with
the colon injury scores, which were strongly
elevated only in the HFD group (Figure 5B).
Moreover, ZO-1 expression was higher in the
HLR7 group than in the HFD group, reaching
levels comparable with the control (Figure 5C).
Furthermore, a high-fat diet affects the diversity
of intestinal microbiota and local immune
responses in the intestinal barrier. In this study,
the expression of TLR-2 and TLR-4 was
measured; these receptors are part of the
local immune response to gram-positive and
gram-negative bacteria, respectively, during
inflammation. A significant upregulation of
TLR-4 expression was observed in the HFD
group, whereas TLR-2 levels remained
unchanged relative to the NC group. The
L. reuteri TF7-supplemented group showed a
significant decrease in TLR-2 and TLR-4
expression compared with the HFD group
(Figure 5D, E).
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Figure 5 The effects of L. reuteri TF7 supplementation on intestinal inflammation and local
immunity. (A) Representative H&E-stained images of colon tissues and immunohistochemical
staining for ZO-1. Black arrows indicate immune cell infiltration. (B) Colon injury score. (C) Relative
Z0-1 levels (% of control). (D) TLR-2 and (E) TLR-4 gene expression relative to [-actin.
(B, O) n = 10 per group; statistical significance was determined using one-way ANOVA followed
by the Kruskal-Wallis and Dunn’s post-tests. (D, E) n = 3 per group; analysis was performed

using Tukey’s post-test. Error bars represent mean + SD.
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Intestinal microbiota
To evaluate the impact of the probiotic
L. reuteri TF7 on intestinal microbiota, fecal

samples from each rat group were analyzed.

composition in the HFD group, as shown in
the PCoA plot, which differed from the NC
and HLR7 groups (Figure 6B). At the phylum,
genus, and species levels, notable differences

The HFD group showed a significant decrease were found between the HFD and NC groups.

in the Shannon index (QL diversity) compared The HFD group showed an increased relative
with the NC group. However, rats receiving abundance of Firmicutes, Lachnospiraceae,
L. reuteri TFT also showed a significant decrease and Peptococcaceae, whereas these changes
in QL diversity (Figure 6A). B—diversity principal  were reversed in the HLR7 group (Figure 6C-E).

component analysis revealed a distinct microbial
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Figure 6 The effects of L. reuteri TF7 supplementation on the intestinal microbiome. (A) Shannon
index (OL-diversity); statistical analysis was performed using one-way ANOVA followed by Tukey’s
post-test. Error bars represent mean + SD. (B) Principal component analysis (PCoA; B-diversity).
Relative abundances of OTUs at the (C) phylum, (D) genus, and (E) species levels. (A, B) n =5
per group.
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Discussion

Probiotics have become widely
accepted because they provide multiple
health benefits to humans. They have shown
potential in helping to manage immune system
disorders, inflammation, oxidative stress, and
gut microbiota imbalances. Moreover, previous
studies show that probiotic mixtures® and
individual strains®® from Lactobacillus and
Bifidobacterium genera help regulate abnormal
lipid metabolism, which contributes to
dyslipidemia and non-communicable diseases
(NCDs). Previous studies showed that the
probiotic strain Limosilactobacillus reuteri TF7
lowers lipid levels due to its BSH enzyme
activity”'. It has also been reported to reduce
body weight and modulate the gastrointestinal
microbiota®, suggesting that it may help
alleviate conditions induced by an HFD.
Building on these findings, our study aimed to
further confirm and better understand these
effects.

In this study, HFD group rats demonstrated
substantial weight gain, and their lipid profiles
and FBG levels were significantly elevated.
The main substance of high-fat diets, which is
fat, leads to dyslipidemia, abdominal fat
accumulation, and other pathological effects.
Elevated free fatty acids (FFAs) in dyslipidemia
cause insulin receptor substrate-1 blockage,
resulting in insulin resistance, reduced glucose
uptake, and elevated blood glucose levels”'.
After 12 weeks of supplementation with L.
reuteri TF7, body weight gain and abdominal
fat index were significantly reduced. As

anticipated, L. reuteri TF7 decreased blood

J Med Health Sci Vol.32 No.3 December 2025

glucose levels, and the lipid-lowering effect
was indicated by significant reductions in total
cholesterol, triglyceride, and LDL-C levels.
HDL-C was measured but showed no significant
change following L. reuteri TF7 treatment. This
may be due to the characteristics of specific
strains, as a previous study reported that L.
reuteri TF7 did not significantly improve HDL-C
levels in hypercholesterolemic rats®. Notably,
the expression levels of the CYP7AL enzyme
and gene, which are important rate-limiting
steps in bile acid synthesis from cholesterol®,
were significantly increased. This suggests that
the reduction in lipid levels may be linked to
enhanced bile acid metabolism mediated by
BSH activity, as shown in previous studies.
These findings are consistent with the liver
histological analysis, as the liver is a key organ
associated with the detrimental effects of
dyslipidemia. In dyslipidemia-induced rats,
lipid droplets accumulate in hepatocyte
cytoplasm, causing liver cells to balloon and
enlarge, which can progress to non-alcoholic
fatty liver disease (NAFLD) due to a high-fat
diet”. In contrast, normal hepatocytes were
observed in the normal control and L. reuteri
TF7 groups. Thus, L. reuteri TF7, as a probiotic,
may help reduce fat infiltration in the liver and
improve liver damage caused by dyslipidemia.

Excessive cholesterol accumulation in
liver cells contributes to oxidative stress, which
increases liver injury and inflammation. AST
and ALT are key markers of liver damage, as
they are released into the bloodstream when
hepatocytes are damaged®. Our results

showed that, after treatment with L. reuteri
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TF7, AST and ALT levels were significantly
reduced. Similarly, treatment with L. fermentum
CQPCO7 greatly lowered the increases in AST
and ALT levels caused by an HFD". When the
liver becomes injured and inflamed, immune
cells release pro-inflammatory cytokines such
as TNF-OL and IL-6". In this study, we observed
a significant decrease in TNF-QL and IL-6 levels
and an increase in the anti-inflammatory
cytokine IL-10, which helps regulate the
inflanlnmatory process, following supplementation
with L. reuteri TF7. Lipid peroxidation occurs
when free radicals react with polyunsaturated
fatty acids from accumulated fat, leading to
the production of reactive compounds like
MDA, a marker of oxidative stress*. To protect
against this damage, the body activates
antioxidants such as SOD and GPX. Increased
levels of MDA, along with reduced levels of
SOD and GPX, were observed in HFD-induced
rats. After supplementation with L. reuteri TF7,
these levels were restored, as several
probiotics inhibit the production of ROS and
promote antioxidative enzymes through the
upregulation of GPX, SOD, and glutathione
(GSH)”. From these findings, the probiotic L.
reuteri TF7 was effective in improving liver
injury and inflammation caused by dyslipidemia,
reducing lipid accumulation, and enhancing
liver health by lowering pro-inflammatory
cytokines, increasing anti-inflammatory cytokines,
and reducing oxidative stress through inhibition
of lipid peroxidation and increased antioxidant
enzyme activity.

Dyslipidemia disrupts intestinal structure

and endothelial barrier function because

intestinal epithelial cells play a crucial role in
maintaining physical and immune defense
functions. In this study, the expression of ZO-1,
a tight junction protein that helps maintain
the integrity of intestinal epithelial cells and
regulates paracellular permeability, was
measured and found to be reduced in the
HFD group. This result corresponded with
colon histology, which showed immune cell
infiltration in the epithelial layers and a loss
of crypts and goblet cells. Conversely, rats
supplemented with L. reuteri TF7 exhibited
normal colon morphology, similar to the control
group, along with higher ZO-1 expression.
Probiotics help reduce inflammation by
protecting intestinal epithelial cells from
damage and enhancing the expression of tight
junction proteins™. Additionally, probiotics
play an important role in regulating the
expression of TLRs, which are key immune
receptors in intestinal epithelial cells.
Pathogenic bacteria more actively trigger the
TLR-2 and TLR-4 receptor535. However, the
activation of TLRs is closely linked to the gut
microbiota. This study indicated that oral
administration of L. reuteri TF7 significantly
reduced the expression of TLR-2 and TLR-4,
similar to findings in HFD-fed rats treated with
L. plantarum S9, which also showed
downregulation of TLR-4 expression and a
reduction in inflammatory factor levels™.
Previous studies have shown that
dyslipidemia causes major changes in both
gut microbiota diversity and function®”. In this
study, no significant difference was observed

in the ratio of Firmicutes to Bacteroidetes
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betweenthe HFD and L. reuteri TF7-supplemented
groups. Research findings indicate that the
Firmicutes to Bacteroidetes ratio does not
serve as a determinant of obesity, according
to previous studies®. The relative abundance
of Lachnospiraceae and Peptococcaceae,
which are associated with dyslipidemia,
intestinal inflammation, and obesity, was
significantly increased in the HFD group,
consistent with previous studies® ™.
Supplementation with the probiotic strain L.
reuteri TF7 resulted in decreased levels of
Lachnospiraceae and Peptococcaceae. These
findings indicate that the L. reuteri TF7
probiotic strain helps restore and improve gut
microbiota health associated with dyslipidemia.

Conclusions

In this study, Limosilactobacillus
reuteri TF7 showed broad beneficial effects
on dyslipidemia-related symptoms by
improving lipid profiles and FBG levels,
reducing hepatic fat accumulation, decreasing
liver and intestinal inflammation through
enhanced tight junction expression, modulating
intestinal immunity, and balancing gut
microbiota. These findings suggest that L.
reuteri TF7 is a potential probiotic strain that
can help protect against and reduce risk factors

associated with dyslipidemia-related diseases.
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Postoperative pain in the recovery room among patients undergoing lumbar
spine surgery after implementing Khon Kaen University Procedure-Specific
Pain Management (KKU PROSPECT) Guidelines
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Laksanawadee Chairatana', Aumjit Wittayapairoj’, Jedniphat Intrapongpan’
'Department of Nurse Anesthesia, Division of Nursing, Faculty of Medicine, Khon Kaen University
“Department of Anesthesiology, Faculty of Medicine, Khon Kaen University

Abstract

Lumbar spine surgery commonly causes significant acute postoperative pain due to soft
tissue, joint, and muscle injury. An institutional internal audit (2017-2019) showed that 70.5-74.4%
of patients experienced moderate-to-severe pain (NRS >4) in the PACU. In 2020, we introduced
the Khon Kaen University Procedure-Specific Pain Management for Spine Surgery (KKU PROSPECT)
pathway to standardize analgesia for this population. We conducted a retrospective descriptive
study of 179 adults undergoing elective lumbar spine surgery at Srinagarind Hospital to assess
early postoperative analgesic outcomes following pathway implementation. Data collected
included baseline and operative variables, NRS scores on PACU arrival and before discharge,
morphine consumption, analgesic modalities used, protocol adherence, and complications. On
arrival, the median NRS was 3 (IQR 0-7), with 45.8% reporting NRS >4; before discharge, 82.1%
had none-to-mild pain. Median PACU morphine use was 6 mg (IQR 3-8), significantly lower in
patients arriving with none-to-mild pain compared with those with moderate-to-severe pain
(3 [1-6] vs 8 [6-10] mg; p<0.0001). No opioid-related complications were observed. Pathway
adherence was complete in 38.6% of cases, incomplete due to contraindications in 29.1%, and
incomplete without contraindications in 32.4%. Implementation of the KKU PROSPECT pathway
was associated with improved early postoperative pain control. Further gains may be achieved
by increasing adherence (e.g., using prescriber prompts and simplified order sets), strengthening
patient education, updating recommendations to reflect current evidence, and continuing
systematic quality monitoring.

Keywords: lumbar spine surgery; postoperative pain; analgesia; post-anaesthesia care unit;
procedure-specific pain management
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Introduction

Spinal disorders requiring surgical
interventions represent a significant health
concern affecting both men and women,
particularly among working-age adults and the
elderly. The most commonly affected region
is the lumbar spine (53%), followed by the
cervical spine (27%)'. A predominant symptom
in this patient population is low back pain,
especially among individuals aged 20-60
yearsz. Recent evidence, however, indicates
an increasing prevalence of low back pain in
younger individuals®. The majority of cases are
attributed to age-related degenerative changes
and occupational or postural factors, which
contribute to chronic low back pain and may
be accompanied by lower-extremity numbness
or weakness. These symptoms directly impair
activities of daily living and diminish overall
quality of life.

Spinal surgery causes substantial trauma
totissues, joints, muscles, and vertebral structures,
resulting in severe acute postoperative pain.
Inadequate pain management can adversely
affect multiple physiological systems.
Cardiovascular consequences include
tachycardia and elevated blood pressure,
along with increased myocardial oxygen
consumption®. Respiratory complications may
include atelectasis and impaired gas exchange.
Gastrointestinal and metabolic sequelae
include reduced bowel motility, while
psychological effects such as anxiety and
insomnia may also occur’. These factors
collectively delay postoperative recovery,

prolong hospital length of stay, and increase

J Med Health Sci Vol.32 No.3 December 2025

healthcare costs. Moreover, poorly controlled
acute postoperative pain may progress to
chronic postsurgical pain, a challenging condition
associated with long-term impairment in quality
of life®.

The rate of lumbar spine surgery has
risen rapidly, largely due to population aging.
Projections indicate that by 2025, the number
of adults and older individuals requiring spinal
surgery will increase by up to 59%’. According
to the 2022 statistics from the Strategy and
Planning Division, Ministry of Public Health of
Thailand, 6,738 inpatients were treated for
spinal and intervertebral disc disorders, with
numbers expected to continue rising in
parallel with national demographic trends”.
Internal data from Srinagarind Hospital, Faculty
of Medicine, Khon Kaen University, similarly
demonstrate a yearly increase in spinal
surgeries, with 438, 581, and 684 cases
reported in 2021-2023, respectively. The
majority of these procedures involved the
lumbar spine, accounting for 58.2%, 58.0%,
and 62.7% of cases in each respective year .

Data from the Department of
Anesthesiology between 2017 and 2019 reveal
that patients undergoing spinal surgery
experienced moderate to severe postoperative
pain in the post-anesthesia care unit (PACU).
The proportion of patients reporting pain
scores =4 in the PACU was 72.7%, 70.5%, and
74.4% in each respective year. Due to the high
burden of postoperative pain management
in this population, a procedure-specific pain
management guideline was developed in 2020:

the “Khon Kaen University Procedure-Specific
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Pain Management for Spine Surgery (KKU
PROSPECT)” (Figure 1). This guideline
incorporates the principles of multimodal
analgesia (MMA), combining acetaminophen,
non-steroidal anti-inflammatory drugs (NSAIDs),
dexamethasone, ketamine, and local

anesthetics administered either via surgeon-

performed local infiltration analgesia (LIA) or
anesthesiologist-performed erector spinae
plane block (ESPB). The primary objectives of
this protocol are to enhance postoperative
analgesia and to reduce perioperative opioid

consumption.

KKU procedure-specific pain management (KKU PROSPECT) for spine surgery

Preoperative

Orally intake 2 h before going to the OR
»  Paracetamol 500-1,000 mg orally 2 hours before going to the OR
»  + Gabapentin or pregabalin 1 tab orally for those who have received these drugs

Intraoperative

Before incision
«  Dexamethasone 8 mg IV

minutes

Before closing wound
(if received the last dose >4 h)

Remarks

aneurysm, schizophrenia

«  Parecoxib (dynastat®) 40 mg IV or Diclofenac 75-150 mg in NSS 100 ml infuse over 30
«  Ketamine* 0.3-0.5 mg/kg IV bolus then 0.1-0.2 mg/kg/h for infusion OR

«  Lidocaine* 1-1.5 mg/kg IV bolus then 1.5 mg/ke/h for infusion

«  + Erector spinae plane block (ESPB) by anesthesiologist

e Paracetamol 10 mg/kg IV infusion over 15-30 minutes

»  0.25% bupivacaine for surgical wound infiltration before closing wound

*for all spinal procedures excepts ACDF, or procedure which involved the surgical level less than 3 levels
**for those contraindicated to ketamine such as uncontrolled hypertension, ischemic heart disease,

Postoperative

«  Morphine IV PCA* (1 mg/dose, 5-minute lockout, 10 mg for 1h limit)
«  Paracetamol 500-1,000 mg orally g 6 h for 48 h then prn

«  NSAIDs or COX-2 inhibitor (by surgeon as indicated)

+  Gabapentin or pregabalin (by surgeon as indicated)

Figure 1 Khon Kaen University Procedure-Specific Pain Management for Spine Surgery (KKU

PROSPECT) indicating multimodal analgesia strategy during preoperative, intraoperative and

postoperative period
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This protocol was adapted from the
PROSPECT (Procedure-Specific Pain Management)
guidelines for laminectomy and complex spine

surgery' "

, which have been published in
international peer-reviewed journals. The
modifications were made to ensure suitability
within the Thai healthcare context, including
the selection of medications listed in the
National List of Essential Medicines and
covered by national healthcare reimbursement
schemes, thereby promoting equitable access
to analgesic management for all patient groups.
The protocol has been implemented in the
department since January 2022, following
structured training sessions for healthcare
personnel to ensure correct and consistent
application.

The objective of this study is to
evaluate the effectiveness of postoperative
analgesia following lumbar spine surgery under
the KKU PROSPECT protocol, as well as to
identify potential challenges and barriers
encountered during its implementation. The
findings will be used to further refine and
enhance pain management strategies for
patients undergoing spine surgery, with the
goal of improving overall analgesic outcomes

and quality of care.

Materials and Methods

This study employed a retrospective
descriptive clinical design and included
patients aged =18 years who underwent
elective lumbar spine surgery under general
anesthesia and received postoperative pain
management according to the KKU PROSPECT

J Med Health Sci Vol.32 No.3 December 2025

pathway. Data was collected from surgeries
performed between June 2022 and December
2023 at Srinagarind Hospital, Faculty of
Medicine, Khon Kaen University.

Eligibility criteria consisted of adult
patients undergoing elective lumbar spine
procedures who were subsequently admitted
to the post-anesthesia care unit (PACU). Exclusion
criteria were patients who received spinal
anesthesia or epidural anesthesia as surgical
anesthesia, or were transferred directly to an
intensive care unit without PACU admission.

A total of 191 lumbar spine surgeries
were identified within the study period. Of
these, 179 cases met the inclusion criteria and
had no exclusion factors; these constituted
the final study cohort. Data collection
commenced following approval from the
Khon Kaen University Human Research Ethics
Committee (HE681012), and the study was
registered with the Thai Clinical Trials Registry
(TCTR20251117011).

All patients underwent general
anesthesia (GA) and received multimodal
analgesia (MMA) according to the KKU
PROSPECT protocol as follows:

1. Preoperative period:

Patients were administered oral
paracetamol 500-1,000 mg, depending on
body weight, 2 hours before surgery. Those
who were already taking gabapentin or
pregabalin as part of their chronic pain regimen
continued their usual dose.

2. Intraoperative period:

Before skin incision, patients received

8 mg of intravenous dexamethasone and
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either 40 mg of intravenous parecoxib or
75-150 mg of diclofenac diluted in 100 mL of
0.9% normal saline and infused intravenously.

For surgeries involving three or more
lumbar levels, patients received intravenous
ketamine 0.3-0.5 mg/kg as a bolus followed
by an infusion at 0.1-0.2 mg/kg/h. If ketamine
was contraindicated—such as in cases of
poorly controlled hypertension, ischemic
heart disease, aneurysm, schizophrenia, or
other relevant contraindications—intravenous
lidocaine was used instead (1-1.5 mg/kg bolus
followed by 1.5 mg/kg/h infusion). Only one
agent (ketamine or lidocaine) was selected.
The infusion was discontinued once the surgeon
began wound closure.

Once wound closure began, intravenous
paracetamol 10 mg/kg was administered only
if more than 4 hours had passed since the
patient’s last oral dose. The surgeon then
performed local infiltration analgesia using
0.25% bupivacaine in an appropriate volume,
ensuring that the total dose did not exceed
2 me/ks.

3. Postoperative period:

Patients received oral paracetamol
500-1,000 mg every 6 hours during the first 48
hours postoperatively, after which it was
prescribed on an as-needed basis. NSAIDs or
selective COX-2 inhibitors, as well as gabapentin
or pregabalin, were considered according to
the surgeon’s assessment of indications and
contraindications for each patient. For those
undergoing surgery involving three or more
lumbar levels, intravenous patient-controlled

analgesia (IV PCA) with morphine was

considered, using a regimen of 1 mg per
demand, a 5-minute lockout interval, and a
maximum dose of 10 mg per hour.

Atthe end of surgery, the anesthesiologist
discontinued anesthetic agents, reversed
neuromuscular blockade, and extubated the
patient following standard criteria before
transferring them to the post-anesthesia care
unit (PACU). Upon PACU arrival, patients
underwent routine monitoring, including blood
pressure, heart rate, electrocardiography,
respiratory rate, oxygen saturation, level of
consciousness, and pain assessment using the
numeric rating scale (NRS).

For patients with an NRS >4, opioid
analgesics either fentanyl 0.5-1 mcg/kg or
morphine 0.05-0.1 mg/kg were administered
to relieve pain, followed by reassessment
every 15 minutes. Opioid administration was
accompanied by close monitoring for adverse
effects, including respiratory depression
(respiratory rate and oxygen saturation monitoring)
and sedation, with opioids given only when
the sedation score was <2. If patients
experienced nausea or vomiting, ondansetron
or metoclopramide was administered at the
discretion of the anesthesiologist. If the NRS
remained >4 despite opioid treatment, an
additional opioid dose or an alternative
analgesic agent was considered as appropriate.

Data for analysis was extracted from
the hospital’s electronic records and recorded
in a structured data collection form, including:

1. General patient information: sex,
age, height, weight, body mass index (BMI),

the American Society of Anesthesiologists’
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Physical Status (ASA-PS), type of surgery,
number of lumbar levels operated, duration
of surgery, estimated blood loss, and
intraoperative opioid consumption.

2. Opioid consumption in the PACU:
total morphine dose in milligrams. For patients
receiving fentanyl, doses were converted to
morphine equivalents using the conversion of
10 mcg IV fentanyl = 1 mg IV morphine.’

3. Pain scores on PACU arrival and
before PACU discharge.

4. Opioid-related adverse effects,
including nausea and vomiting score (0 = none,
1 =mild, 2 = requiring treatment, 3 = persistent
symptoms despite treatment), sedation score
(0 = alert, 1 = occasional drowsiness, 2 =
drowsy/easily arousable, 3 = unarousable),
and respiratory depression, defined as
respiratory rate <8 breaths per minute.

5. Analgesic administration according
to the KKU PROSPECT pathway, recording the
types and number of analgesic agents each
patient received.

After data collection was completed,
statistical analysis was performed. Categorical
variables were summarized as percentages

and compared using the Chi-squared test or
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Fisher’s exact test, as appropriate. Continuous
variables were assessed for normality using
the Kolmogorov-Smirnov test. Normally
distributed data were reported as mean +
standard deviation, while non-normally
distributed data were reported as median with
interquartile range (IQR). Between-group
comparisons were performed using the
independent t-test or Mann-Whitney U test,
depending on data distribution. All analyses
were conducted using Stata version 17.0
(StataCorp LLC, College Station, TX), with

statistical significance set at p<0.05.

Results

Baseline demographic and surgical
characteristics of the study population are
summarized in Table 1. The cohort consisted
predominantly of middle-aged to older adults
undergoing elective lumbar spine surgery, with
most patients classified as ASA physical status
IIl. Decompressive laminectomy was the most
common procedure, and the majority of
surgeries involved one to two operated lumbar
levels. Operative duration and estimated
blood loss were within ranges typical for
elective lumbar spine surgery.

135



Table 1 Demographic data and surgical details

Characteristics

Frequency (%)/mean + SD

(n = 179)

Sex

Female 98 (54.8)

Male 81 (45.2)
Age (years) 57.2 +13.23

<20 1(0.5)

20-39 23(12.9)

40-59 74 (41.3)

>60 81 (45.3)
ASA PS

| 32(17.9)

Il 134 (74.9)

I 13(7.2)
BMI (kg/m?) 251 +4.1
Type of surgery

Decompressive laminectomy 117 (65.4)

Spinal fusion 62 (34.6)
Number of operated spinal level(s)

1 54 (30.2)

2 80 (44.6)

3 34 (19.0)

a4 10 (5.6)

5 1 (0.6)
Duration of surgery (minutes) 145.8 + 53.8
Blood loss (mL) 237.2 £ 271.0

Table 2 shows the distribution of NRS
pain scores on arrival to the PACU and before
discharge. The distribution of pain scores

shifted toward lower intensity before discharge,

with a higher proportion of patients reporting
none-to-mild pain and fewer patients reporting
severe pain compared with arrival. The median

NRS remained the same at both time points.
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Table 2 NRS at arrival and before leaving PACU

PACU arrival Before leaving PACU

(n = 179) (n = 179)
NRS (median (IQR)) 3 (0-7) 3(2-3)
Number of patients in each pain intensity (n, (%)) 3 (0-7) 3(2-3)
NRS 0 (no pain) 64 (35.8) 27 (15.1)
NRS 1-3 (mild) 33 (18.4) 120 (67.0)
NRS 4-6 (moderate) 29 (16.2) 28 (15.6)
NRS 7-10 (severe) 53 (29.6) 4(2.3)

Table 3 shows morphine consumption
during PACU stay. Morphine use differed
according to pain intensity at PACU arrival, with

higher consumption observed among patients

presenting with moderate-to-severe pain
compared with those presenting with none-

to-mild pain.

Table 3 Morphine consumption during PACU stay

Morphine consumption (mg) p-value
(median (IQR))
Overall (n = 179) 6 (3-8) -
Classified by pain intensity at PACU arrival
No pain (n = 64) 2 (0-5) >
Mild pain (n = 33) 3 (0-5) -
Moderate pain (n = 29) 6 (3-8) -
Severe pain (n = 53) 7 (4-9) -
Classified by target pain intensity (NRS <4, >4)
None to mild pain (n = 97) 3 (1-6) <0.0001°
Moderate to severe pain (n = 82) 8 (6-10)

*Wilcoxon rank-sum test (two-sided)

Table 4 summarizes adherence to the
KKU PROSPECT pathway and the number of
analgesic agents received. Only a minority of
patients received the complete set of
recommended analgesic components,

whereas incomplete adherence occurred both

J Med Health Sci Vol.32 No.3 December 2025

in the presence and absence of documented
contraindications. Patients with complete
adherence more frequently received a greater
number of analgesic modalities, while those
with incomplete adherence tended to receive

fewer agents.
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Table 4 Protocol adherence and number of analgesic agents received

Protocol adherence Number of analgesic agent(s) received Total
Ln©) 200 3n0) 4n% 5n@% "%
Complete 0(0.0) 0(0.0) 0(0.0) 51(739) 18(26.1) 69 (38.6)
Incomplete (contraindication) 3(5.8) 27(51.9) 16(30.8) 6(11.5) 0 (0.0) 52 (29.0)
Incomplete (no contraindication) 1(1.7) 10 (17.2) 37(63.8) 10(17.2)  0(0.0) 58 (32.4)
Overall 4(2.2) 37(20.7) 53(29.6) 67 (37.4) 18(10.1) 179 (100)

No opioid-related adverse effects were
observed in the PACU; specifically, no patients
met criteria for respiratory depression,

excessive sedation, or nausea and vomiting.

Discussion

This retrospective descriptive study
evaluated early postoperative analgesic
outcomesin the PACU followingimplementation
of the procedure-specific KKU PROSPECT
pathway for elective lumbar spine surgery.
Compared with pre-implementation data from
2017-2019, the proportion of patients presenting
to the PACU with moderate-to-severe pain
(NRS >4) decreased from 70.5-74.4% to 45.8%,
indicating improved early pain control associated
with pathway implementation. Nevertheless,
more than half of patients still reported NRS
>4 on arrival, consistent with previous reports
showing that postoperative pain after spine
surgery remains a significant challenge despite
advances in multimodal analgesia’*". These
findings suggest that while the pathway improves
outcomes, further optimization is necessary
to achieve desired pain control targets.

Pain control improved substantially
during PACU stay. The median NRS before

discharge was 3 (IQR 2-3), and the proportion
of patients reporting none-to-mild pain
increased from 45.8% on arrival to 82.1% at
discharge. This likely reflects active PACU-
based pain management, including repeated
pain assessment, opioid titration, and the
cumulative effects of non-opioid analgesics.
However, the persistence of moderate-to-
severe pain in a subset of patients before
discharge indicates that optimal pain control
was not universally achieved, underscoring
the need for continued refinement of
perioperative analgesic strategies.

Morphine consumption in the PACU
differed significantly according to pain severity
on arrival. Patients presenting with moderate-
to-severe pain required substantially higher
morphine doses than those with none-to-mild
pain (median 8 mg vs 3 mg, p<0.0001). Although
no opioid-related adverse events were observed,
increased opioid requirements inherently raise
the risk of undesirable effects, particularly in
older adults and patients with hepatic or renal
impairment™. These findings reinforce the
importance of effective multimodal analgesia
to reduce reliance on opioids while maintaining

adequate pain control.
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The KKU PROSPECT pathway aligns
with PROSPECT recommendations'" in key
principles, particularly the use of paracetamol
and NSAIDs or selective COX-2 inhibitors as
foundational analgesics and the role of local
infiltration analgesia. However, deviations exist
due to institutional context, medication
availability, and national reimbursement
policies. In addition, certain components of
the pathway such as routine dexamethasone
administration, discretionary use of gabapentinoids,
and the limited use of techniques recormmended
for complex spine surgery may warrant
reassessment to ensure closer alignment with
current evidence and procedure-specific
recommendations.

Adherence to the KKU PROSPECT
pathway was suboptimal, with only 38.6% of
patients receiving the complete set of
recommended analgesic components.
Incomplete adherence resulted from both
clinical contraindications and non-clinical
factors, including prescription omission,
variability in provider practice, and financial
barriers related to medication coverage.
Overall, effective postoperative pain control
appeared to be multifactorial rather than
dependent on a single intervention. Patients
receiving a greater number of analgesic
modalities targeting different pain pathways
were more likely to achieve acceptable pain
control during PACU stay. These findings
support the core concept of multimodal
analgesia and highlight the need to improve

J Med Health Sci Vol.32 No.3 December 2025

pathway adherence and optimize component
selection to further enhance postoperative

pain outcomes after lumbar spine surgery.

Conclusions

Implementation of the KKU PROSPECT
pathway has contributed to improved acute
postoperative pain control following lumbar
spine surgery; however, the established targets
have not yet been fully achieved. Refining the
pathway in accordance with current evidence
and reassessing the roles of individual analgesic
agents and techniques may further enhance
analgesic effectiveness. Strengthening guideline
adherence—through clearer prescribing tools
and streamlined order sets—may also
improve compliance. Ongoing monitoring and
periodic evaluation of outcomes will be essential
to ensure continuous improvement and to
enable the pathway to meet its intended pain

management objectives in the future.
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Effect of a mobile application-based preoperative preparation program

on anxiety and self-care ability among cataract surgery patients

Orapan Mangdee’, Utthawit Jansiri, Sunee Sinthuwongsanon®
"Nakornping Hospital
*Adult and Gerontological Nursing Department, McCormick Faculty of Nursing, Payap University

Abstract

Cataract is a major cause of visual impairment in the elderly, making preoperative
preparation crucial for patient outcomes and self-care. This quasi-experimental study employed
a two-group pre-test and post-test design to examine the effects of a mobile application-based
preoperative preparation program on anxiety and self-care ability among cataract surgery patients.
The sample consisted of 60 patients diagnosed with cataracts by physicians and scheduled for
elective cataract surgery at Nakornping Hospital. Participants were divided into an experimental
group (n=30) and a control group (n=30) using purposive sampling. The control group received
standard hospital care, while the experimental group received the mobile application-based
preoperative preparation program for two weeks. Data were collected using anxiety and self-care
ability questionnaires with content validity indices of 1.0 and Cronbach’s alpha coefficients of
0.87 and 0.92, respectively. Data were analyzed using descriptive statistics, paired t-test and
independent t-test. The results revealed that the experimental group demonstrated significantly
lower anxiety scores (p=0.007) and significantly higher self-care ability scores (p<0.001) compared
to baseline. Furthermore, the experimental group exhibited significantly lower anxiety scores
and higher self-care ability scores than the control group (p<0.001). Effect sizes ranged from
medium to very large (Cohen’s d=0.76-2.96), indicating strong practical significance. These
findings demonstrate that the mobile application-based preoperative preparation program
effectively reduces anxiety and enhances self-care ability among cataract surgery patients.

Continuous implementation of this program in clinical practice is therefore recormmended.
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Introduction

Cataract is an ocular condition that
represents a leading cause of blindness and
visual impairment worldwide. According to the
World Health Organization, approximately 65
million individuals globally are affected by
vision impairment due to cataracts, a figure
expected to rise continuously as the elderly
population expands'. In Thailand, cataracts
constitute the primary cause of blindness among
older adults, with more than 100,000 patients
awaiting surgical intervention annually?. At
Nakornping Hospital, cataract cases have
demonstrated a consistent upward trend,
increasing from 11,562 cases in 2021 to 16,476
in 20243, Cataracts develop primarily due to
age-related lens degeneration, with additional
contributing factors including genetic predisposition,
metabolic disorders, medication use, trauma, and
congenital abnormalities. Risk factors encompass
smoking, alcohol consumption, prolonged
ultraviolet exposure, corticosteroid use, diabetes
mellitus, and hypertension“. This condition exerts
significant impacts across multiple dimensions.
Physical consequences include functional
limitations in daily activities, elevating accident
risk and compromising personal safety’.
Psychological impacts encompass anxiety,
diminished self-confidence, and apprehension
regarding independent functioning, potentially
precipitating depressive symptoms®. Social
ramifications include withdrawal from
interpersonal interactions and increased
reliance on caregivers'.

Contemporary cataract management

primarily involves phacoemulsification and

intraocular lens implantation, procedures
generally considered safe and highly efficacious.
Nevertheless, postoperative complications
remain a concern, with incidence rates ranging
from 20% to 40% within two to five years
following surgery®’. A review of the literature
reveals prevalent self-care deficits, including
non-adherence to prescribed medication
regimens and inadequate compliance with
infection prevention protocols'’. Preoperative
preparation constitutes an essential process
ensuring patients are physically and
psychologically prepared for surgery, thereby
enhancing procedural safety while fostering
patient confidence and optimizing recovery!!.
However, evidence indicates that 20% to 25%
of patients experience preoperative anxiety
concerning potential infection and vision
loss?2. Furthermore, certain patients express
uncertainty regarding postoperative self-care
behaviors!3. Comprehensive patient education
can effectively enhance confidence and
mitigate anxiety, positively influencing surgical
outcomes.

In light of these challenges, mobile
health technology presents a promising
avenue for delivering accessible and
personalized patient education. A mobile
application-based approach offers distinct
advantages, including the capacity for patients
to review educational content at their
convenience, visual demonstrations of self-care
procedures, and timely reminders for medication
adherence. The researcher, a registered nurse
in the ophthalmology outpatient department

at Nakornping Hospital, developed a mobile
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application-based preoperative preparation
program to evaluate its effects on anxiety and
self-care capabilities among cataract surgery
patients. The specific objectives of this study
are twofold: first, to compare mean anxiety
and self-care ability scores before and after
intervention in the experimental group; and
second, to compare these scores post-
intervention between the experimental group
and the standard care group. The findings may
contribute to improved treatment efficacy
while advancing patient care quality and

nursing practice in ophthalmological settings.

Materials and Methods

Study Design

This research applies Orem’s Self-Care
Theory”, which posits that when self-care
requirements exceed individual capabilities,
self-care deficit occurs, necessitating nursing
support. The researcher integrated the
Supportive-Educative Nursing System, promoting

Mobile Application-Based Preoperative
Preparation Program
Based on Orem's Self-Care Theory
1. Teaching
2. Guiding
3. Supporting

4. Providing Environment

self-care development through four methods:
Teaching (providing knowledge and skills),
Guiding (offering recommendations and
problem-solving assistance), Supporting
(providing encouragement and positive
reinforcement), and Providing Environment
(creating conditions conducive to self-care).

Anxiety and self-care ability were
selected as dependent variables based on
their theoretical interconnection: high anxiety
impairs learning capacity and self-care
development, while education reduces
anxiety and enhances self-care skills. The
mobile application-based program
operationalizes these principles through three
phases: Phase 1 (preoperative)—providing
disease information, treatment procedures,
and self-care instructions via LINE application;
Phase 2 (surgery day)—reviewing care content;
and Phase 3 (post-discharge)—following up
on patient self-care practices (Figure 1).

Anxiety

Self-Care Ability

Figure 1 Conceptual framework

J Med Health Sci Vol.32 No.3 December 2025
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This study is a quasi-experimental
research design with two groups, pretest-
posttest design, collecting data from cataract
surgery patients at the ophthalmology
outpatient nursing unit, Nakornping Hospital,
Chiang Mai Province. Sixty participants were
divided into experimental group (30) and
control group (30), from May to August 2025.

This research project has been reviewed
and approved by the Human Research Ethics
Committee of Nakornping Hospital, with
approval number NKP No 024/68, approved
on February 17,2025, and expiring on February
16, 2026. The researcher explained the research
details to participants. Participation in this
research study was voluntary, and participants
could withdraw from the research at any time
without any impact on their treatment. All
obtained data would be kept confidential, and
questionnaire numbers would be used as
codes to replace participants’ names and
surnames. Research results would be presented
in aggregate form and would be used solely
for research purposes.

Contamination Prevention

To minimize contamination between
groups, the researcher implemented sequential
data collection, completing the control group
before enrolling the experimental group.
Participants in the experimental group were
instructed not to share program materials, and
both groups attended the clinic on different
appointment schedules to prevent contact.

Population and Sample

Population: Patients diagnosed by
physicians with cataracts receiving scheduled
cataract surgery with artificial lens implantation
at the ophthalmology outpatient nursing unit,
Nakornping Hospital, Chiang Mai Province.

Sample: Patients diagnosed with
cataracts receiving scheduled cataract surgery
with artificial lens implantation at the
ophthalmology outpatient nursing unit,
Nakornping Hospital, Chiang Mai Province. Sixty
participants divided into experimental group
(30) and control group (30), from March to
May 2025. Sample selection criteria: Inclusion
criteria: 1) Age 18 years and above; 2) Normal
perception, understanding, and communication
ability; 3) Ability to read, speak, and understand
Thai; 4) First-time cataract surgery history;
5) Ability to use mobile phone with LINE
application; and 6) Consent to participate.
Exclusion criteria: 1) Patients with daily activity
limitations; 2) Changed anesthesia method
from local to general or combined anesthesia;
3) Incomplete research participation;
4) Withdrawal or refusal to participate; and
5) Inability to contact via LINE application
(Figure 2).
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Enrolment Cataract patients scheduled for surgery Assessed for eligibility (n=78)
Excluded (n=18)
* Did not meet inclusion criteria (n=12)
* Unable to use LINE (n=7)
® Daily activity limitations (n=3)
* Previous cataract surgery (n=2)
® Declined to participate (n=6)
Allocation Enrolled and allocated (n=60) (Purposive sampling)
W W
Control group (n=30) Experimental group (n=30)
Received standard hospital care Received Mobile application
- based program
w w
Follow up Lost to follow-up (n=0} Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Analysis Analyzed (n=30) Analyzed (n=30)
Excluded from analysis (n=0) Excluded from analysis (n=0)

Figure 2 Flow diagram of participant selection

Sample Size Determination

Sample size was calculated using
G*Power version 3.1.9.6 with power of test = 0.80,
confidence level = 0.05, and effect size = 0.74
estimated from similar research by Benjawan P.
et al.”, yielding 25 participants per group. To
prevent data loss risk, sample size was increased
by 20%", resulting in 60 total participants:
experimental group (30) and control group
(30). Purposive sampling was used to select
participants meeting inclusion criteria.

Research Instruments

The research instruments comprise
two parts: instruments used for research
implementation and instruments used for data

collection.

J Med Health Sci Vol.32 No.3 December 2025

1. Researchimplementation Instruments:

1.1 Mobile application-based pre-
operative preparation program for cataract
surgery patients using Orem’s supportive-
educative nursing theory, incorporating four
methods: teaching, guiding, supporting, and
providing environment. The program contains
pre-operative preparation content divided into
three phases: Phase 1 - Pre-operative period
(before surgery day), Phase 2 - Surgery Day,
and Phase 3 - Post-discharge period.

1.2 Cataract pre-operative preparation
record form developed by the researcher from
literature review and documents related to
cataract pre-operative preparation. This form is

used to record individual patient care plans
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through online forms via LINE application,
comprising three phases: Phase 1 - Pre-operative
period (assessing health history, family support,
and disease knowledge), Phase 2 - Surgery Day
(assessing waiting time for surgery and
continuous post-operative patient care), and
Phase 3 - Post-discharge period (regarding
post-operative self-care).

1.3 Online health poster media about
self-care for cataract surgery patients - poster
media providing information to patients
undergoing cataract surgery with artificial lens
implantation. The researcher developed this
from literature review and related documents,
with content including disease information and
pre-operative, intraoperative, and post-operative
care instructions.

1.4 LINEapplication-acommunication
channel and method used for information
exchange, knowledge provision, and guidance
to help patients manage various symptoms
that occur. It also serves as a reminder channel
for patients regarding self-care for those who
have undergone cataract surgery.

2. Data Collection Instruments comprising
three sets:

2.1 Personal data record form - a
multiple-choice and fill-in-the-blank questionnaire
containing general information about the
sample group, including gender, age, religion,
marital status, education level, occupation,
average monthly family income, healthcare
benefits, and treatment history. The researcher
personally collected this information from

participants” medical records, including visual

acuity level, duration of vision loss, duration of
cataract treatment initiation, chronic diseases,
history of anticoagulant use, alcohol consumption,
and smoking habits.

2.2 Anxiety questionnaire - For
this research study, the researcher used
the State-Trait Anxiety Inventory Form Y-1
(STAI Form Y-1) by Spielberger'’, developed
and translated into Thai by Darawan Tapinta',
to assess situational anxiety (anxiety state) in
cataract surgery patients. The instrument
contains 20 items divided into 10 positive
questions and 10 negative questions, using a
4-point rating scale. The scoring criteria for
each question divides feelings into 4 levels,
with possible total scores ranging from 20-80
points. Score interpretation: higher scores
indicate high situational anxiety, while lower
scores indicate low situational anxiety.

2.3 Self-care ability questionnaire -
a questionnaire created by the researcher from
literature review and related documents,
based on Orem’s self-care conceptual framework.
This instrument measures self-care ability for
cataract surgery patients during pre-operative,
intraoperative, and post-operative periods,
containing 26 items. The questionnaire uses
a 5-point rating scale, with self-care ability
scoring criteria ranging from lowest to highest
in 5 levels: lowest = 1 point to highest = 5
points, with total scores ranging from 26-130
points. Score interpretation: lower scores
indicate self-care ability at the lowest level,
while higher scores indicate self-care ability
at the highest level.
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Quality Verification of Research
Instruments

1. Content Validity The researcher
submitted the research implementation
instruments, including the mobile application-
based pre-operative preparation program for
cataract surgery patients, the cataract pre-
operative preparation record form, the health
poster media about self-care for cataract surgery
patients, and the data collection instruments,
including the personal data record form and
the self-care ability questionnaire, to five
experts for content validity verification. The five
experts consisted of one ophthalmologist
specializing in cataract surgery patient care and
treatment, two nursing instructors with expertise
in nursing care for cataract surgery patients, and
two nurses with expertise in caring for cataract
surgery patients. They examined the accuracy,
comprehensiveness, and appropriateness of
the content. Subsequently, the Content Validity
Index (CVI) was calculated and found to be 1.0
for all instruments.

2. Instrument Reliability The researcher
pilot-tested the anxiety questionnaire and
self-care ability questionnaire with 20 cataract
surgery patients who had similar characteristics
to the sample group and received services at
the ophthalmology outpatient nursing unit,
Outpatient and Emergency Building, Nakornping
Hospital. Subsequently, reliability was calculated
using Cronbach’s Alpha coefficient, yielding
values of 0.87 and 0.92, respectively. For the
mobile application-based pre-operative

preparation program for cataract surgery
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patients, the researcher pilot-tested it with 10
cataract surgery patients who had similar
characteristics to the sample group. The findings
indicated that the program had appropriate
content and the program procedures used in
the study were feasible.

Data Collection

1. Experimental Preparation Procedures
Following ethical approval from the Human
Research Ethics Committee of Nakornping
Hospital, the researcher obtained permission
from the Hospital Director and attending
physicians to conduct the study. Professional
nurses at the ophthalmology outpatient unit
screened potential participants according to
eligibility criteria from the day patients were
scheduled for cataract surgery. Eligible
participants were informed of the study
objectives, voluntary nature of participation,
confidentiality measures, and their right to
withdraw at any time without affecting their
treatment. Written informed consent was
obtained prior to enrollment.

2. Experimental Implementation
Procedures

Prior to each session, the researcher
reviewed participant medical records to assess
physical and mental readiness. The control
group received standard postoperative care
according to the ophthalmology outpatient
unit protocols, while the experimental group
received the mobile application-based
preoperative preparation program over a
two-week period using a patient-centered
approach (Table 1).
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Table 1 Comparison of experimental implementation procedures between control and

experimental groups

Session Timing Duration Control group Experimental group

1 Day of 20-30 Established LINE Activity 1: Building relationships and promoting
examination  minutes application contact for ~ awareness of pre-operative cataract surgery

and surgery consultation; provided preparation
scheduling standard pre-operative  Established rapport and LINE application
instructions and contact; provided comprehensive pre-operative,
confirmed surgery date  intraoperative, and post-operative education via

mobile application
2 Week 1, 20-30  Conducted pre-test Activity 2: Promoting awareness of pre-operative
Day 1 minutes  data collection; assessed  cataract surgery preparation

(Pre-operative)

3 Day 1
post-operative

a4 Day 2
pre-discharge

5 Week 1
post-discharge

6 Week 2
follow-up
appointment

20-30
minutes

20-30
minutes

20-30
minutes

15-20
minutes

readiness and
reinforced admission
instructions

Provided standard
post-operative self-care
guidance; scheduled
two-week follow-up

Conducted post-test
evaluation; provided
additional self-care
education and
infographic materials

Conducted pre-test evaluation; reinforced
preparation knowledge via application; facilitated
discussion on pain self-management

Activity 3: Promoting knowledge and self-care
ability after cataract surgery

Reviewed pre-operative knowledge; practiced
self-care skills with patient and family; provided
encouragement and reinforcement

Activity 4: Promoting readiness for home
self-care after cataract surgery

Reviewed post-operative self-care; addressed
concerns; shared infographic materials via LINE
application

Activity 5: Stimulating, reinforcing, and supporting
behavioral practices for post-operative cataract
self-care through LINE application

Facilitated problem-solving discussion via LINE
application; provided continuous support and
reinforcement

Activity 6: Supporting continuous behavioral
practices for post-operative cataract self-care
and evaluation at the ophthalmology outpatient
unit, Nakhon Ping Hospital

Conducted post-test evaluation; compared pre-post
results; summarized program outcomes
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Program Adherence Assessment

Program adherence was assessed
through LINE’s read receipt function, participant
response records, and attendance tracking
across six sessions. All 30 experimental group
participants completed every session (100%
adherence rate), with a 95.6% average
message read rate, demonstrating good
intervention fidelity.

Data Analysis

Statistical analyses were performed
using SPSS version 29.0 with a significance level
of 0.05. One-tailed hypothesis testing was
employed based on consistent empirical
evidence from prior studies demonstrating
that preoperative preparation programs
reduce anxiety and enhance self-care ability
in cataract surgery patients, thereby justifying
increased statistical power for detecting
anticipated effects. Descriptive statistics,
including frequencies, percentages, means,
and standard deviations, were used to
summarize personal data. Chi-square test and
Fisher’s exact test were employed to compare
categorical demographic variables between
groups, while independent t-test was used for
continuous variables. Paired t-test was utilized
to compare within-group differences in anxiety
and self-care ability scores before and after
intervention, whereas independent t-test was
applied for between-group comparisons.
Effect sizes were calculated using Cohen’s d
to evaluate practical significance of the
findings.

J Med Health Sci Vol.32 No.3 December 2025

Results

1. Personal Data

The sample consisted of 60 participants
divided into an experimental group that
received the mobile application-based pre-
operative preparation program (30 participants)
and a control group that received standard
hospital care (30 participants). The personal
data of both groups before the experiment
showed no statistically significant differences.
The experimental group was predominantly
female, aged 61 years and above, Buddhist,
married, with primary education level, currently
unemployed, with average monthly income
less than 10,000 baht, covered by universal
healthcare and had visual limitations. The
control group was predominantly female, aged
61-70 years, Buddhist, married, with primary
education level, currently unemployed, with
average monthly income less than 10,000 baht,
covered by universal healthcare and had visual
limitations. Comparison of baseline demographic
characteristics between the two groups
revealed no statistically significant differences
(p>0.05), indicating homogeneity of the
sample prior to the intervention (Table 2).
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Table 2 Comparison of demographic characteristics between the experimental and control

groups (n=60)

Demographic Experimental group (n=30) Control group (n=30) p-value
characteristics Number Percent Number Percent
Sex 0.121°
Male 11 36.67 17 56.67
Female 19 63.33 13 43.33
Age (years) 0.758°
Below 50 1 3.33 1 3.33
50-60 7 18.33 4 13.33
61-70 11 36.67 14 46.67
Above 70 11 36.67 11 36.67
Mean®SD = 67.82£8.305
Religion 0.301°
Buddhism 27 90.00 29 96.67
Christianity 3 10.00 1 3.33
Marital status 0.686°
Single 5 16.67 6 20.00
Married 18 60.00 20 55.67
Divorced 2 6.67 2 6.67
Widowed 5 16.67 2 6.67
Education 0.730°
Below primary education 11 36.67 7 23.33
Elementary 7 23.33 10 33.33
High school 5 16.67 4 13.33
Vocational certificate 3 10.00 5 16.67
Bachelor degree 4 13.33 4 13.33
Occupation 0.644°
Government employee 3 10.00 1 3.33
Private company employee 2 6.67 1 3.33
Business owner 7 23.33 10 33.33
Farmer 5 16.67 3 10.00
Unemployed 15 43.33 15 50.00
Average monthly household income 0.102°
(baht)
Below 10,000 22 73.33 17 56.67
10,001 - 20,000 a4 13.33 11 36.67
Above 20,000 a4 13.33 2 6.67
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Table 2 Continued

Demographic Experimental group (n=30) Control group (n=30) p-value
characteristics Number Percent Number Percent
MeantSD = 12,933.33+10,152.843
Health insurance 0.073°
Company health insurance 2 6.67 7 76.67
Universal health coverage 28 93.33 23 23.33
Vision level 0.648°
Normal 4 13.33 2 6.67
Partial vision 9 30.00 11 36.67
Limited vision 17 56.67 17 56.67
Duration of vision loss 0.583°
Less than 1 month 2 6.67 1 1.67
1-3 months a4 13.33 5 16.67
3-6 months 5 16.67 2 6.67
More than 6 months 19 63.33 22 73.33

*=Chi-square test, P=Fisher’s exact test

2. Comparison of Mean Anxiety Scores
and Self-Care Ability Scores in Cataract Surgery
Patients Before and After the Intervention in
the Group Receiving the Pre-Operative
Preparation Program.

The findings showed that after the
intervention, the experimental group that

received the pre-operative preparation program

had significantly lower mean anxiety scores
compared to before the intervention at the
0.05 statistical significance level (p=0.007) and
significantly higher mean self-care ability
scores compared to before the intervention
at the 0.05 statistical significance level (p<0.001)
(Table 3).

Table 3 Comparison of average scores of anxiety and self-care ability before and after experiment

with in experimental group analyzed by Paired t-test (n=30)

Variable X SD Mean df 95% ClI of Cohen’s p-value
difference mean difference d
Anxiety
Before 36.87 8.102 5.94 2.898 29 1.747 to 10.120 0.76 0.007
After 30.93 7.746
Self-care ability
Before 102.53  12.955 -15.20 -5.963 29 -20.413 to -9.987 1.45 <0.001
After 117.73  7.187
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3. Comparison of Mean Anxiety Scores
and Self-Care Ability Scores in Cataract Surgery
Patients After the Intervention Between the
Group Receiving the Pre-Operative Preparation
Program and the Group Receiving Standard
Care.

The findings showed that after the

intervention, the experimental group that

received the pre-operative preparation
program had significantly lower mean anxiety
scores compared to the control group at the
0.01 statistical significance level (p<0.001) and
significantly higher mean self-care ability
scores compared to the control group at the
0.01 statistical significance level (p<0.001)
(Table 4).

Table 4 Comparison of average scores of anxiety and self-care ability after experiment with in

experimental group analyzed by independent t-test (n=60)

Variable X SD Mean

difference

t df 95% ClI of

mean difference d

Cohen’s  p-value

Anxiety

Experimental 3093  7.746 -8.60

group (n=30)

Control group ~ 39.53  5.923

(n=30)
Self-care ability

Experimental 11773 7.187 26.30

group (n=30)

Control group ~ 91.43  10.311

(n=30)

-4.831 58

11.461 58

-12.168 to -5.032 1.25 <0.001

21.705 to 30.895 2.96 <0.001

Discussion

The findings revealed that the
experimental group receiving the mobile
application-based preoperative preparation
program demonstrated significantly lower
anxiety scores (p=0.007) and higher self-care
ability scores (p<0.001) compared to baseline.
Additionally, the experimental group exhibited
significantly lower anxiety scores and higher
self-care ability scores than the control group
(p<0.001). These results indicate that the
intervention effectively achieved its intended

objectives of reducing preoperative anxiety

and enhancing self-care capabilities among
cataract surgery patients.

These findings can be explained
through the theoretical framework of Orem’s
Self-Care Theory, specifically the Supportive-
Educative Nursing System, which emphasizes
promoting patient learning and developing
appropriate self-care abilities. The researcher
facilitated patients’ self-care capabilities
through four systematic methods: (1) Teaching -
providing comprehensive information regarding
disease pathophysiology, treatment modalities,

preoperative preparation, intraoperative
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procedures, and postoperative care through
LINE application, enabling patients to acquire
essential knowledge and problem-solving
skills; (2) Guiding — conducting regular follow-
up visits via LINE application to monitor patient
self-care practices including wound care, pain
management, medication administration, and
recognition of abnormal symptoms, thereby
providing information for informed decision-
making; (3) Supporting - offering continuous
encouragement, psychological support, and
positive reinforcement when patients
successfully performed self-care activities,
along with accessible consultation channels
and supplementary educational materials; and
(4) Providing environment — arranging conditions
conducive to self-care and preparing necessary
equipment while planning goal-oriented
activities within specified timeframes. This
study extends Orem’s Self-Care Theory by
demonstrating that the Supportive-Educative
Nursing System can be effectively implemented
through digital technology platforms,
confirming that these four nursing methods
delivered via mobile application significantly
reduce self-care deficit while simultaneously
decreasing anxiety.

The findings are consistent with
previous research. Regarding anxiety reduction,
Thongnuch S. et al.”examined the effects of
a preoperative preparation program on anxiety
reduction in elderly cataract surgery patients at
atertiary hospital, reporting that the experimental
group demonstrated significantly lower anxiety
scores compared to both baseline and control

group (p<0.001). Similarly, Yoochachwal P.”°

J Med Health Sci Vol.32 No.3 December 2025

investigated the effectiveness of a knowledge
promotion and preoperative behavior program for
cataract surgery patients, finding that patients
receiving the intervention demonstrated significantly
higher knowledge and behavior scores (p<0.001)
and significantly lower anxiety scores compared
to the standard care group (p<0.001). Regarding
self-care ability enhancement, the results align with
findings from Thaweewannakij A. and Thappa J.21,
who reported that participants demonstrated
significantly higher knowledge and self-care
behaviors following a health self-care promotion
program (p<0.05). Furthermore, Phankasikaorn P.
and Kitsripaisarn S.22 found that a self-care
promotion program incorporating educational
videos, sterile technique demonstrations,
self-care manuals, and telephone follow-up
resulted in significantly higher knowledge and
self-care behavior scores compared to both
baseline and control group (p<0.05).

The findings demonstrate meaningful
clinical significance beyond statistical results.
Anxiety scores decreased by 5.94 points,
representing a 16.1% reduction and indicating
a clinically meaningful shift from moderate to
low anxiety levels, with a medium-to-large effect
size (Cohen’s d=0.76). Self-care ability scores
increased by 15.20 points, representing a 14.8%
improvement, with a very large effect size
(Cohen’s d=1.45). Between-group comparisons
post-intervention revealed even more
pronounced effects, with Cohen’s d=1.25 for
anxiety and d=2.96 for self-care ability,
confirming substantial practical benefits of the
mobile application-based intervention for

clinical implementation.
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However, certain limitations should be
acknowledged. This study was conducted at a
single tertiary care hospital with a relatively small
sample size of 60 participants over a brief
two-week follow-up period, which precluded
long-term outcome assessment and may limit the
generalizability of findings to diverse healthcare
settings and patient populations. Additionally,
varying technological proficiency among
elderly participants and unmeasured baseline
knowledge may have influenced the results.
Future research should investigate long-term
outcomes at 3-, 6-,and 12-month post-intervention
intervals, including complication rates,
readmission rates, and sustainability of self-care
adherence. Multicenter studies with larger
samples are recommended to enhance
generalizability, and the program should be
further developed into a comprehensive
mHealth platform incorporating automated
reminders and video instructions. For clinical
practice, nurses and healthcare personnel can
implement this mobile application-based
preoperative preparation program to effectively
reduce anxiety and enhance self-care ability

among cataract surgery patients.

Conclusions

The results of this research study
demonstrate that the mobile application-
based pre-operative preparation program
implemented over a 2-week period effectively
reduces anxiety and promotes self-care ability
in cataract surgery patients. Therefore, this
program should be continuously implemented

for patients.
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Effectiveness of acute ischemic stroke patients care before and after
the development of a fast track system at Suratthani Hospital

Nutthapong Kanokkawinwong', Ratchakorn Hongkul?, Tassanapan Weschasat?
'Division of Neurology, Internal Medicine Department, Suratthani Hospital
“Department of Occupational Health and Safety, Faculty of Science and Technology,
Suratthani Rajabhat University

Abstract

Currently, acute ischemic stroke was a condition in which the brain stops functioning
due to destruction of brain tissue and disruption of normal brain activity. The patient can lead
to death or cause disability. However, if the patient receives a door-to-CT brain followed by
administration of door-to-needle time (rt-PA) within 3 - 4.5 hours, it can help save their life and
reduce disability. The objective of this study was to compare the effectiveness of acute ischemic
stroke patient’s care, before and after the developing of a fast track system at Suratthani
Hospital. This study was a retrospective descriptive study with acute ischemic stroke patients
who received rt-PA treatment before the developing of stroke fast tract service system in 2018-2019
from January 2018 to December 2019, and those who received rt-PA after the development of
stroke fast tract service system from January 2020 to December 2021. Samples were purposively
select, consisting of 260 patients diagnosed with acute ischemic stroke patients. Data were
collected through a review from the hospital’s electronic medical record system includes:
onset-to-ER, door-to-CT brain, door-to-needle time, ER-to-Ward, National Institutes of Health
Stroke Scale and Barthel Activities of Daily Living. The results of the study showed that between
before and after the developing of fast track system of acute ischemic stroke patients, the
average time of door-to-needle decreased (39.53+18.54 - 28.08+15.61, minutes) and the average
time of emergency room-to-ward decreased (87.75+42.37 - 47.02+34.85, minutes) with a
statistically significant difference (p<0.001). As a result of after the developing of fast track
system, National Institutes of Health Stroke Scale after receiving rt-PA of patients had mild
impairment. The assessment of daily living activities using the Barthel Activities of Daily Living,
after receiving rt-PA of patients had physically independent but not necessary normal or social
independent. Therefore, if patients receive rt-PA as quickly as possible, it may reduce mortality
and disability rates, leading to more effective medical treatment.
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lsAnaaalionauad (National Institutes of
Health Stroke Scale; NIHSS) uazuuuUseiiiu
AvinsUsedniu Avliundisateduen (Barthel
Activities of Daily Living; ADL) Aauuaznasivien
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Tunywdagiinissiusindeyalaunisnuniu
Toyag Urgdoundeainlusunsuivseideu
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ATLUU >25 Very severe impairment
- AZLUU 15-24 Severe impairment
AU 5-14 Mild to moderate

- AZLUU <4 Mild impairment
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muualinanisAnuiidedAeysana (p<0.05)
wazSouiisussernanilddmsumssnuiitne
15ANADALADAALDIVIALADALABUNSUTZNIN
NOULATMAINAILITEUUNTIAUTN TR IN9AIU
Tnelafif T-test Independent Mvualvinan15fn
HrlpdAyn19ana (p<0.05)

NANNSANEA

mﬂmﬁmeﬁ‘ﬁayjaﬁ’alﬂmaaﬁﬂw
lsnraondonaussIndonduunay 1saneuna
431903511 91U 260 AU UsEnaume LA o
Wnsunlsaneruna (Refer/Walk in/EMS) lainy
AULANA19E1NNTEE1AYNI9EDATE NI
NOULATMAINAILITEUUNSIAUS NS IN19AIU
Famn3197 1 (Table 1)

Table 1 General characteristics of acute ischemic stroke patients

Characteristics Before the developing After the developing Crude estimate p-value
of stroke fast track of stroke fast track (95% CI)
system in 2018-2019 system in 2020-2021
(n=160) (n=100)
Sex 0.163
Male 97 (60.63) 51 (51.00) OR = 0.68 (0.41-1.12)
Female 63 (39.37) 49 (49.00) 1.00
Age group (years) 0.948
<45 27 (16.87) 18 (18.00) OR = 1.08 (0.56-2.09)
>45 133 (83.13) 82 (82.00) 1.00
Age (years), mean + SD 63.70 + 15.10 65.83 + 16.14 Mean diff = 2.13 0.420
(-3.08 to 7.34)
Coming to the hospital 0.687
Refer 117 (73.12) 75 (75.00) 1.00
Walk in 18 (11.25) 8 (8.00) OR = 0.69 (0.29-1.67)
EMS 25 (15.63) 17 (17.00) OR = 1.06 (0.54-2.10)
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Categorical variables were compared using the Chi-square test. Continuous variables were compared using an
independent samples t-test. Crude estimates are presented as odds ratios (ORs) with 95% confidence intervals for
categorical variables and as mean differences (After - Before) with 95% confidence intervals for continuous variables

p<0.05.

sreziaandmiunisinegUlelsa
NABALADAANBIUIALEDARYUNAUTTINNULAY
NRINAIUITEUUNTIAUTAITUDINIAIY WU
Anadsanausgisdonnisaudsiosgnidy
Wisudntios LLazﬂlﬁLﬂﬁﬂL’Jﬁ’]é’dLLﬁiQ’ﬂ’wL‘i’hﬁm
aniduluinTesenaisdaenfinnotanas laiwy

AULANFANDENTTEFAYN AT ATENINNDY
wagnaaiauTEUUNSIUIN1SYeanIea du
Aadsnaduditheidsmeunaldiue
rt-PA anas wazARABaRauAdteihenTies
andulunerUisanas nuauuannsageity
AFRM9adR (p<0.001) Ffarnsn9dl 2 (Table 2)
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Table 2 Time for acute ischemic stroke patient’s care in hospital

Hospitalization time

Standard Before the developing After the developing p-value

time of stroke fast track of stroke fast track
system in 2018-2019  system in 2020-2021
(n=160) (n=100)

Average time of onset-to-emergency <180 121.40 + 57.20 126.18 + 69.02 0.563
room (minutes)
Average time of door-to-CT brain <25 12.62 + 10.09 11.44 + 11.31 0.393
(minutes)
Average time of door-to-needle time <60 39.53 + 18.54 28.08 + 15.61 <0.001
(minutes)
Average time of emergency room-to- <180 87.75 + 42.37 47.02 + 34.85 <0.001

ward (minutes)

Values are presented as mean + SD. Continuous variables were compared using an independent samples t-test.

p-value < 0.05 indicates statistical significance.

eI muNmMUNaENENTU B
ANNTULTIWRILIAVADAREAANBY FINBUNRIUN
FPUUNSIAUSNSTRWNGMU WA, 2561 - 2562 WU
AUrenaulasuen rt-PA dr1Azuu NIHSS aglu
JE6U 5 - 14 (AugunsvaslsAvinaniionaediios
fathunans) wdewiiu 104 eu Aadufeeas 65.00
VaIlAsuen rt-PA fiinaviuy NIHSS aglusedu
<4 (ANMUTULTIVBILIAYADALTAANBILRELIN)
wAgwiniu 119 au Aadufesay 74.38 Yaemdd
WAWTPUUNSIRUSNSY0Mamu WA, 2563 - 2564
wud gUreneuldsuen rt-PA denaziun NIHSS
agluseu 5 - 14 (Musunswedlsaviandondies
toefatunans) ladewiniu 67 au Aniduiesay
67.00 alasuen rt-PA Sirmnaziun NIHSS aglusesiu
<4 (AMUTULTIVBILIAVADALTAANBILRELIN)
wAgnU 73 au Anifudesa 73,00 doumsussdiy
AvinsUseaniu fvllursisaonuen Taaneuimmn
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STUUNSIAUSNNSYRINIAIY WA, 2561 - 2562
wud fUereulasuen it-PA IeAziuu Barthel's
ADLs aglusgsiu 25 - 45 (@ansauUanadng
Uszsruldidntion) waswhiu 59 au Andudosay
36.88 MaalasUeN rt-PA fAnAziiuy Barthel’s ADLs
aglusgsiu 100 (@wsaUsznevininsdsedniuld
FemuLeIIMLR) WaBYU 52 Au Andiudouas
32.50 YHUSINAILITEUUNSIAUSNTT0IN19AIU
WA, 2563-2564 wuin fUreneulasuen rt-PA
fiAnAzuuY Barthel’s ADLs aglusedu 0 - 20
(lamnsaufuinafnsuszdriuldian) waswintu
38 au Antdusesay 38.00 naslasue rt-PA
fr1AzuuY Barthel’s ADLs aglusedu 100
(enansausEneuRniasUsysulEsemue i)
wAswhiu 31 Au Andudesay 31.00 Fwsedi 3
(Table 3)
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Table 3 Number of patients classified according to the assessment of National Institutes of

Health Stroke Scale and Barthel Activities of Daily Living between before and after receiving rt-PA

Before the development of stroke fast
track system in 2018-2019

After the development of stroke fast
track system in 2020-2021

(n=160) (n=100)
Indicators Before receiving After receiving Before receiving After receiving
rt-PA rt-PA rt-PA rt-PA
n % n % n % n %
NIHSS
<4 27 16.88 119 74.38 15 15.00 73 73.00
5-14 104 65.00 30 18.75 67 67.00 20 20.00
15-24 27 16.87 10 6.25 15 15.00 6 6.00
25 2 1.25 1 0.62 3 3.00 1 1.00
Barthel’s ADLs
0-20 a2 26.25 14 8.75 38 38.00 11 11.00
25 -45 59 36.88 27 16.87 35 35.00 12 12.00
50-70 39 24.37 29 18.13 22 22.00 18 18.00
75-95 16 10.00 38 23.75 5 5.00 28 28.00
100 4 2.50 52 32.50 0 0.00 31 31.00
afusINa satansdenldusnisinsus saenuuins

msnASiiTgUszariteSeuifioy
UseAnSamvesnsruirunisinuidvielsa
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(Wl SnarREnTRoTRReEn uas e
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Suspected acute stroke

Immediate transfer to the Emergency Departrment

Triage Nurse

Emergency

Room

History and physical examination were promptly

performed by the ED

| Last seen normal < 4.5 hr l

l

| Emergency nurse l

!

| Hospital public relations officer l

l Last seen normal > 4.5 hr |

l

| Admit or Discharge |

Patient transporter 6100| | CT scan staff 6132 I | Medical resident *5555 | | Lab Room 6242 |
Consult
| Neurologist |
| Receiving rt-PA | | Non-receiving rt-PA I

l Admit at Stroke unit |

Figure 1 After the developing of stroke fast track system
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A pilot study on a role-play chatbot for enhancing patient history-taking
knowledge in nursing students
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2Department of Computer Education, Faculty of Technical Education, King Mongkut’s University
of Technology North Bangkok

Abstract

Taking patients’ history is a fundamental skill for nursing students, yet opportunities for
hands-on practice are often limited, particularly in the early years of training. While Al-powered
chatbots have gained attention in healthcare education globally, their specific application in
systematic history-taking training for Thai first-year nursing students remains underexplored. This
study evaluates the feasibility of a role-play chatbot developed using the ChatGPT platform to
enhance history-taking knowledge among first-year nursing students at a nursing college in
Bangkok, Thailand. Thirty volunteer students interacted with three clinical scenarios: appendicitis,
chronic kidney disease, and non-ST elevation myocardial infarction (NSTEMI), completing at
least one session per scenario over a one-week period. A pre-post design was employed to
measure knowledge changes, with tests administered before and after the intervention, along
with a post-intervention satisfaction survey. The results showed that the post-test knowledge
scores (mean = 9.37, SD = 1.25) were significantly higher than the pre-test scores (mean = 8.47,
SD = 1.31), p=0.005, with a mean difference of 0.90 (95% CI = 0.31-1.49). Students reported
high levels of acceptance across all technology acceptance model dimensions, including
perceived usefulness, perceived ease of use, attitude toward using, behavioral intention, and
facilitating conditions, with mean scores ranging from 4.35 to 4.58 on a 5-point Likert scale. This
indicates that the chatbot was well-accepted as a potential supplementary learning tool.
However, this study has several limitations, including a small sample size, a short experimental
duration, and its conduction at a single institution. Despite these limitations, the findings provide
preliminary evidence of the feasibility and potential of using the ChatGPT chatbot to enhance
patient history-taking knowledge among Thai nursing students. Future research should expand
to multiple institutions, employ a longer duration, and include long-term evaluation to confirm
these findings and establish the sustainable effectiveness of this technology in nursing education.

Keywords: chatbot; nursing education; history-taking knowledge; artificial intelligence; technology
acceptance
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Introduction

History-taking is an essential early
learning outcome in undergraduate nursing
curricula because it provides the conceptual
foundation for collecting patient information,
identifying relevant problems, and organizing
subsequent clinical reasoning. However, for
first-year nursing students, it is often challenging
to develop, as they must simultaneously
acquire core terminology, basic biomedical
concepts, and professional communication
norms. At the start of training, students acquire
these, yet they typically have limited
opportunities for repeated, low-stakes
practice'. To support students more effectively,
we need teaching tools that respond to each
student in real time, offering guidance,
feedback, and the opportunity to try again’.
In short, classroom strategies in the digital era
should blend technology with deliberate
practice so learners can connect concepts to
bedside decisions with greater confidence’.

As conversational artificial intelligence
has matured, chatbots have become practical
training partners: they converse, probe, and
mirror the small twists of real clinical
interviews®. Effective execution demands
clinical expertise and proper inquiry techniques,
along with strong communication skills, sound
clinical judgment, and the ability to establish
a supportive relationship with patients. Yet
many students struggle to gain fluency.
Common barriers include limited access to
real patients, compressed clinical rotations,
patient-safety constraints, and uneven learning

opportunities across settings’. In this context,

chatbot-supported role-play may offer a
structured mechanism for students to rehearse
the knowledge and conceptual understanding
underlying interview content and organization,
with opportunities for repetition that do not
require faculty presence at each attempt(’.
Importantly, the present study does not
evaluate performance-based interviewing
competence or clinical communication
proficiency because no objective performance
assessment (e.g., OSCE ratings or observational
checklists) was implemented. Instead, the
focus is on preliminary evidence regarding
changes in history-taking knowledge and
conceptual understanding following structured
practice.

Although interest in Al-driven chatbots
for education has surged, evidence remains
limited, particularly for first-year cohorts. Prior
work has established the technical feasibility
and content accuracy of GPT-based history-
taking tools, and several reviews have
discussed Al chatbots in nursing education
more broadly””. However, Thai programs are
underrepresented despite distinctive
constraints: high student-to-instructor ratios'*"",
limited placements in specialty areas, and
geographic barriers that complicate consistent
access to learning resources”. These conditions
make locally grounded evidence especially
important.

Accordingly, this study was conducted
a pilot evaluation of an Al-powered role-play
chatbot incorporating three clinical scenarios:
Appendicitis, Chronic kidney disease (CKD),

and Non-ST-elevation myocardial infarction
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(NSTEMI), as structured practice materials for
first-year Thai nursing students. The study
examined feasibility within a course context,
students’ acceptance and learning experience,
and preliminary changes in history-taking
knowledge following structured practice. The
findings provide context-specific preliminary
evidence to inform whether Al-based role-play
chatbots warrant further investigation using
more rigorous performance-based assessment

approaches in Thai nursing education.

Materials and Methods
1. Research design

This study was conducted a single-
group pretest—posttest pilot study to estimate
the educational impact of a chatbot-based
role-play without a control group. The
intervention comprised structured interactions
with a chatbot simulating three clinical
scenarios (appendicitis, CKD, and NSTEMI).
These scenarios were purposively selected to
represent common clinical conditions with
varying levels of acuity and system involvement,
appropriate for first-year nursing students.
Knowledge of history-taking was measured
before and after the intervention. A post-
intervention satisfaction questionnaire was
administered to evaluate the learning
experience and platform usability.

The study received approval from the
Institutional Review Board of Saint Louis
College (Protocol No. E. 011/2568). All
participants provided written informed
consent and were informed of their right to

withdraw at any time without penalty. Data
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were anonymized, and no real Protected
Health Information (PHI) was used during the

simulation practice.

2. Participants and recruitment

This study was recruited 30 first-year
nursing students using convenience sampling,
and baseline academic characteristics (e.g.,
prior knowledge or grade point average) were
not collected. Participation was voluntary, and
students were free to withdraw at any time
without penalty. To ensure equity, students
who did not participate were given access to
the chatbot training after the study. Before
enrollment, all students received written
information regarding the study’s purpose,
procedures, potential risks and benefits, and
participant rights, and provided written

informed consent.

3. Instruments

3.1 Role-Play Chatbot scenarios

This study was developed three
interactive scenarios (Appendicitis, CKD,
NSTEMI) on the ChatGPT platform. Platform
selection followed a comparative review of
Microsoft Copilot Studio and Google Gemini
by a focus group of nurse educators, who rated
reliability, clinical accuracy, prompt-design
usability, and natural-language fluency.
ChatGPT was selected for educational
purposes and dialogue realism.

Protocol: Students used the same
scenario set. Each scenario employed
structured prompts to guide questioning and

stimulate clinical reasoning. Students were
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required to complete all three scenarios within
one week, engaging with each scenario at least
once. No formal time limit was imposed, and
the duration of engagement with each
scenario was not systematically recorded.

3.2 Knowledge assessment

This study was administered a 10-item
multiple-choice test (four options/item) pre-
and post-intervention to assess history-taking
knowledge (symptom identification,
appropriate questioning, reasoning). The
conducted item analysis, including difficulty
(P) and discrimination (D) for all items. Most
items met targets (P = 0.30-0.80, D > 0.30).
ltem 1 (too easy) and Item 8 (too complicated)
were flagged for revision in future iterations.
Internal consistency, as measured by KR-21,
was 0.74, indicating acceptable reliability for
formative use. Due to the exploratory nature
of this pilot study, parallel forms of the test
were not developed.

3.3 Satisfaction questionnaire

Afterthe intervention, students completed
a 15-item questionnaire (5-point Likert scale).
[tems were adapted from TAM and UTAUT
core constructs’ and were mapped to the
following dimensions: perceived usefulness,
perceived ease of use, attitude toward using,
behavioral intention to reuse, and facilitating
conditions (including technical support). The
questionnaire demonstrated excellent internal

consistency (Cronbach’s O = 0.96).

4. Procedure and data collection
Data collection was executed in three

phases:

4.1 Pretest: Students completed the
knowledge test to establish a baseline.

4.2 Intervention (1 week): We distributed
chatbot links via Google classroom. Students
completed three role-play scenarios (>1
interaction/scenario). After each interaction,
students submitted the session link as
evidence of participation.

4.3 Posttest and survey: Students
completed the same knowledge test and then

the satisfaction questionnaire.

5. Statistical analysis

Descriptive statistics (means and standard
deviations) were used to summarize test scores
and satisfaction ratings. Pre- and post-training
scores were compared using a paired-samples
t-test in SPSS version 26.0, after verifying
normality assumptions. Statistical significance
was determined at Ol = 0.05 (two-tailed).
Cohen’s d method was used to estimate the
effect size of the improvement.

Results

The results of this study are presented
in two main sections: 1) the learning outcomes
of the chatbot-based training and 2) students’
satisfaction with the chatbot-based learning
experience. Quantitative data were analyzed
using descriptive statistics and a paired-samples
t-test to compare pre- and post-intervention
knowledge scores. The analysis also included
mean and standard deviation scores for each
item in the satisfaction questionnaire.

1. Learning outcomes of the chatbot-

based training
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As shown in Table 1, the pre-test and
post-test results demonstrated a statistically
significant improvement in students’ knowledge
following the chatbot-based training. The pre-
test mean was 8.47 (SD = 1.31), while the
post-test mean increased to 9.37 (SD = 1.25),
yielding a mean gain of 0.9 points. A paired-
samples t-test showed that this improvement
was statistically significant, (p=0.005), with a

95% confidence interval for the mean
difference of 0.31-1.49. The effect size,
measured by Cohen’s d = 0.55, indicated a
moderate educational effect. These findings
suggest that the role-playing chatbot effectively
enhanced students’ understanding of history-
taking concepts and improved their ability to
apply clinical reasoning during simulated

interviews.

Table 1 Paired t-test results comparing pre- and post-test history-taking knowledge scores

(mean+SD), including effect size (Cohen’s d)

Measure Pre-test Post-test

Mean difference t p-value Cohen’s d

Test score 8.47+1.31 9.37+1.25

0.90 3.031 0.005 0.55

2. Satisfaction with the chatbot-based
learning experience

The satisfaction questionnaire, grounded
in the Technology Acceptance Model (TAM) and
UTAUT frameworks, demonstrated excellent
internal consistency (Cronbach’s alpha = 0.96).
As shown in Figure 1, students reported high
satisfaction across all TAM dimensions, with
aggregated mean scores exceeding 4.35 on a
5-point Likert scale. Perceived usefulness (PU)
and attitude toward using (ATT) yielded the

highest ratings, indicating that students viewed

J Med Health Sci Vol.32 No.3 December 2025

the chatbot as a valuable and appropriate
learning support tool. Perceived ease of use
(PEOU), facilitating conditions (FC), and
behavioral intention (BI) also showed
consistently high scores, reflecting positive
usability perceptions and strong acceptance.
The relatively low standard deviations across
dimensions suggest a high degree of consistency
in students’ responses, supporting overall
acceptance of the chatbot-based learning

approach.
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Figure 1 Mean scores with standard deviations across Technology Acceptance Model (TAM)

dimensions

Bars represent aggregated mean scores, and error bars indicate standard deviations for perceived

usefulness (PU), perceived ease of use (PEOU), attitude toward using (ATT), behavioral intention

(BI), and facilitating conditions (FC), measured using a 5-point Likert scale.

Discussion

The integration of a role-play chatbot
into nursing education showed statistically
significant improvements in students’ clinical
interviewing knowledge. Post-test scores
(mean = 9.37, SD = 1.25) were notably higher
than pre-test scores (mean = 8.47, SD = 1.31),
with a moderate effect size (Cohen’s d = 0.55),
suggesting a meaningful improvement in
knowledge test performance that may be
associated with structured chatbot-supported
practice”. This enhancement is plausibly
linked to the chatbot’s structured interactivity,
which appears to have facilitated rehearsal and
contextualization. Such iterative rehearsal and
refinement of question selection and sequencing,
which is consistent with mechanisms described
in active learning and situated cognition®.

Interpreted cautiously, the observed
gains may also align with cognitive learning
progression as described in Bloom’s taxonomy,
in that students may have moved beyond

recalling and understanding symptoms and
disease presentations toward applying and
organizing information in response to simulated
patient cues’. It is conceivable that the
chatbot’s simulated scenarios, particularly
those involving complex conditions such as
CKD or NSTEMI, functioned as cognitive
scaffolds that helped learners structure and
prioritize history-taking content®. Additionally,
the structured chatbot’s design aligns with
principles of adult learning theory, particularly
Knowles’ emphasis on autonomy, relevance,
and problem-centeredness'®. The observed
learning improvements may reflect the
chatbot’s capacity to support self-directed
inquiry and experiential engagement, both of
which are critical motivators for adult
learners®®. However, it remains possible that
individual differences in digital literacy or prior
exposure to clinical content may have
influenced outcomes, warranting further

exploration™.
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Beyond knowledge-related outcomes,
students reported high satisfaction with the
chatbot-based learning experience, as
reflected in consistently high mean scores
across all Technology Acceptance Model
(TAM) dimensions, with aggregated ratings
exceeding 4.35. In particular, high scores in
perceived usefulness (PU) and attitude toward
using (ATT) suggest that students viewed the
chatbot as a valuable and appropriate learning
support tool and responded positively to its
integration into the nursing education context”.
From a constructivist perspective, this favorable
affective response may be attributable to the
chatbot’s simulated dialogic format, which
likely supported active engagement with
contextually meaningful clinical scenarios and
encouraged reflection on one’s own questioning
approach'’. At the same time, comparatively
lower (though still favorable) scores in
perceived ease of use (PEOU) and facilitating
conditions (FC) indicate that some learners
experienced barriers related to confidence in
use, interface usability, or the availability of
technical and instructional support. These
findings suggest that, while the chatbot was
generally well accepted, full engagement
may have been moderated by practical
implementation factors'®. Consistent with
instructional design principles, such variability
underscores the importance of implementation
supports, including brief onboarding tutorials,
explicit usage guidance, and responsive
technical assistance, to enhance learner
autonomy and reduce extraneous cognitive

load”.
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Notably, high scores on behavioral
intention (BI), including intentions to continue
using the chatbot and to recommend it to peers,
indicate strong acceptance of the chatbot as a
learning support tool. However, these findings
should be interpreted as indicators of perceived
value rather than evidence of improved clinical
performance. Although the dialogic format allowed
students to engage in simulated nurse—patient
interactions within a psychologically safe
environment that supported reflection, the
absence of performance-based assessments
precludes conclusions regarding interviewing
competence or clinical communication
proficiency®.

Taken together, the findings provide
preliminary, context-specific evidence that
chatbot-mediated learning environments are
feasible and well accepted across key TAM
dimensions in nursing education. Nevertheless,
given the exploratory nature of the study,
caution is warranted in interpreting the results.
Future research should consider longitudinal
and mixed methods designs to clarify the
mechanisms underlying acceptance and
engagement, examine moderating factors such
as digital literacy and instructional support, and
evaluate whether positive perceptions translate
into measurable performance outcomes across

diverse educational contexts.

Limitations

However, several limitations should
be acknowledged. First, the duration of
engagement with each chatbot scenario was

not controlled or systematically recorded, and
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students were not restricted from consulting
external learning resources during the intervention.
Second, participants were recruited using
convenience sampling, and baseline academic
characteristics, such as prior knowledge or
grade point average, were not collected,
limiting the ability to account for individual
differences. Third, potentially relevant
background variables, including previous
experience with Al tools, actual usage time,
and concurrent learning activities during the
study period, were not assessed and may have
acted as unmeasured confounders. These
limitations reflect the exploratory nature of
this pilot study and should be addressed in
future research employing more rigorous
control and measurement strategies.

Conclusions

This pilot study provides preliminary
evidence that a ChatGPT-powered role-play
chatbot may support nursing students’
knowledge and conceptual understanding of
history-taking, with high levels of learner
acceptance and satisfaction. Within the Thai
nursing education context, the findings suggest
that chatbot-supported role-play is a feasible
and well-accepted instructional approach for
early-stage learners, particularly where
opportunities for repeated, low-stakes practice
are limited. Future research is warranted to
examine whether observed gains in knowledge
and acceptance translate into measurable
clinical performance outcomes. Overall, Al-
supported role-play chatbots may serve as a
complementary learning resource when
thoughtfully integrated within a comprehensive
nursing curriculum.
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Cytomegalovirus-induced chronic intestinal pseudo-obstruction

in an immunocompetent host
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Abstract

Chronic intestinal pseudo-obstruction (CIPO) is an uncommon presentation of cytomegalovirus
(CMV) colitis. We present a case with CIPO caused by CMV in an immunocompetent host.
A 45-year-old woman presented with chronic constipation and abdominal distension. A plain
abdominal X-ray showed colonic dilatation, while a CT scan demonstrated circumferential wall
thickening at the hepatic flexure of the colon and marked dilatation of the transverse colon.
Colonoscopy revealed circumferential ulcers at the hepatic flexure and transverse colon, with
pathology confirming positive immunostaining for CMV. The patient showed clinical improvement
after treatment with ganciclovir and prucalopride. Secondary causes, including CMV infection,
should be investigated in cases of CIPO. Dysmotility caused by CMV may represent the essential
pathophysiology.
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Introduction

Cytomegalovirus (CMV), a member of
the Herpesviridae family, is more commonly
found in immunocompromised hosts than in
immunocompetent hosts. Inimmunocompetent
individuals, risk factors for CMV include
advanced age, steroid usage, and severe
concomitant diseases'”. CMV has been
consistently reported as an etiologic agent of
Chronic intestinal pseudo-obstruction (CIPO)
in both pediatric and adult patients. Histological
analysis in these cases frequently reveals
abnormalities, damage, or ganglionitis within
the myenteric plexus, establishing the
neuropathic basis of the motility disorder™*®.
We present a case of CMV colitis in an
immunocompetent host without typical risk

factors, who presented with CIPO.

Case report

A 45-year-old woman presented with
a two-month history of constipation and right
upper quadrant pain. Written informed
consent for publication was obtained from
the patient on 8 October 2024, and all
identifying information was anonymized to
protect patient confidentiality. She had
experienced abdominal distension for one
month and had a weight loss of 6 kg over the

past two months. Her medical history was

J Med Health Sci Vol.32 No.3 December 2025

unremarkable, with no history of drug use,
alcohol consumption, substance abuse, or
smoking, and no family history of gastrointestinal
disease. Physical examination revealed a
mildly pale conjunctiva and a distended
abdomen with normal bowel sounds. A plain
abdominal X-ray demonstrated colonic
dilatation and a large amount of fecal content.
Computed tomography (CT) revealed
circumferential wall thickening at the hepatic
flexure of the colon, focal eccentric mucosal
thickening, and marked dilatation of the
transverse colon containing fecal impaction,
associated with diffuse peritoneal fat stranding.
Additionally, a large amount of feces was
noted along the descending and sigmoid
colon. Colonoscopy showed circumferential
ulcers at the hepatic flexure and multiple
deep ulcers surrounded by nodular lesions in
the transverse colon. Pathology revealed
chronic ulceration with moderate activity and
positive immunostaining for cytomegalovirus
(CMV).

The patient was treated with intravenous
ganciclovir for 21 days and prucalopride.
Repeat colonoscopies performed at 1, 2, and
6 months demonstrated complete healing of
the ulcers at 6 months. A follow-up plain
abdominal X-ray at 6 months showed no

colonic dilatation.
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Figure 1 Plain abdomen at presentation supine (A) and upright (B) colonic dilatation with large

fecal content and 6 months after treatment (C) no colonic dilatation.

Figure 2 Computed tomography (CT) coronal view (A-C) circumferential wall thickening at the

hepatic flexure of the colon and marked dilatation of the transverse colon distal to the lesion.
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Figure 3 Endoscopic findings at presentation (A-B) circumferential ulcers at hepatic flexure and
transverse colon and after treatment 6 months (C-D) healed ulcers with pseudopolyps.

Figure 4 Pathology chronic ulceration with moderate activity (A-B) and positive immunostaining

for cytomegalovirus (C).
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Discussion

Chronic intestinal pseudo-obstruction
(CIPO) is a rare disorder characterized by
a dysfunction in the intestinal propulsion
mechanism. This dysfunction leads to
obstructive symptoms and radiologic evidence
of intestinal dilation without any physical
blockage. Various conditions, including viral
infections, have been linked to CIPO. Patients
with CIPO associated with CMV, Varicella-
Zoster virus, Epstein-Barr virus, and JC virus
have been reported™.

CMV infection in immunocompetent
individuals is rare, but more commonly seen
in elderly patients with comorbidities’. The
colon is a frequent site of CMV involvement”.
The endoscopic presentation of CMV colitis
features a variety of ulcer types, predominantly
well-defined and punched-out. Other ulcer
types observed may include geographic
and longitudinal ulcers. Additionally, findings
may encompass a cobblestone appearance,
inflamed mucosal surfaces, pseudotumor
formations, mucopurulent exudate, spontaneous
bleeding, or areas of normal mucosa™®’.

CMV can affect various cell types
within the gastrointestinal tract, including the
vascular endothelium and stromal fibroblasts.
In patients with CMV-associated CIPO, viral
inclusions have been observed in the
myenteric plexus and submucosal ganglia,
potentially disrupting the colon’s autonomic
innervation®. CMV has been linked to other
motility disorders. Segmental colonic
hypoganglionosis associated with CMV colitis

has been reported in immunocompetent

hosts”. CMV DNA has been detected in the
small bowel of a patient with visceral
neuropathy, and cases have been reported in
patients with Ogilvie’s syndrome'®'.
Additionally, CMV has been identified as the
cause of strictures leading to acute colonic
obstruction and toxic megacolon™". CMV-
induced CIPO can arise from both primary CMV
infection and the reactivation of latent virus,
particularly in immunocompromised individuals.
The pathophysiology is driven by a two-
pronged mechanism involving direct viral
cytopathic effects and the host’s immune
response, leading to progressive damage to
the enteric nervous system (ENS). Direct viral
effect on glial cells and enteric neurons in the
myenteric plexus, leading to cell lysis and
destruction of ganglia. Immune response
resulting in myenteric ganglionitis and vasculitis.
In our patient we observed transverse colon
dilatation distal to the colonic ulcer at the
hepatic flexure, suggesting that CMV-induced
bowel dysmotility may be a contributing factor.
The standard, first-line antiviral treatment for
CMV colonic ulcer involves either Ganciclovir
or Valganciclovir. The usual duration of
therapy is two to three weeks. Foscarnet is
the primary alternative agent and is reserved
for patients who experience intolerance to
Ganciclovir/Valganciclovir or for cases of
documented drug resistance. Approximately
50% of patients achieve healing six weeks after
antiviral treatment, with about 90% showing
complete healing by 12 weeks'. The patient
received a standard three-week course of

Ganciclovir. Follow-up evaluation performed
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one month post-treatment demonstrated
histologic clearance of CMV, confirming
virologic control. Although the infection was
eradicated, the colonic ulcers and associated
intestinal dilatation only fully resolved by eight
weeks following the start of therapy. This
delayed clinical recovery is significant. If the
CIPO were solely due to direct viral cytopathic
effect, prompt resolution would be expected
immediately following the elimination of the
lytic virus. The observed lag suggests the
primary pathology was an immune-mediated
enteric neuropathy. This supports the hypothesis
that the CIPO was sustained by a robust,
persistent host inflammatory response, which
continued to cause dysfunction until the
inflammation subsided, long after the CMV
antigenic drive was eliminated by the antiviral
treatment.

Prucalopride, a selective 5-HT4 receptor
agonist known to enhance colonic motility
and typically indicated for chronic constipation,
was initiated based on a previous randomized
controlled trial supporting its use in CIPO'".
However, the patient’s symptoms did not
improve with this treatment, and the medication

was discontinued following the colonoscopy.

Conclusion

In patients with CIPO, secondary
causes, including CMV infection, should be
investigated, even in immunocompetent
hosts. CMV-induced dysmotility may be the
underlying pathophysiology.

J Med Health Sci Vol.32 No.3 December 2025
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Persistent left superior vena cava detected during central venous
catheterization for continuous renal replacement therapy in acute kidney

injury: A case report

Yingluk Watcharananan
Division of Internal Medicine, Langsuan Hospital

Abstract

Persistent left superior vena cava (PLSVC) is an uncommon anatomical anomaly of the
venous system with a prevalence of approximately 0.3%-0.5% in the general population and
a higher incidence in patients with congenital heart disease. This condition is usually asymptomatic
and often discovered incidentally during imaging studies or cardiovascular procedures. However,
PLSVC may pose challenges or lead to complications in certain interventions, such as central
venous catheter insertion, permanent pacemaker implantation, or cardiac surgery. This case
report and review of the literature concerns a patient with a history of scrub typhus complicated
by pulmonary hemorrhage and acute kidney injury, who required insertion of a double-lumen
catheter and continuous renal replacement therapy. During catheter placement, a PLSVC was
incidentally identified, highlighting a rare but clinically relevant finding. This report underscores
the importance of PLSVC awareness in critically ill patients, as its presence may have implications

for treatment planning, procedural safety, and the prevention of potential complications.

Keywords: persistent left superior vena cava; acute kidney injury; continuous renal replacement

therapy
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Introduction

Persistent left superior vena cava
(PLSVQ) is the most common congenital
anomaly of the thoracic venous system,
frequently detected incidentally during
imaging or cardiovascular procedures. Although
usually asymptomatic, its presence becomes
clinically important during central venous
catheterization or other invasive cardiovascular
interventions, where unusual venous anatomy
may lead to technical difficulties or unexpected
catheter pathways"?. PLSVC has a prevalence
of approximately 0.3%-0.5% in the general
population but may occur in up to 10% of

patients with congenital heart disease™".
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LIGAMENT

AZYGOUS u\

CORONARY
SINUS

OF MARSHALL

PLSVC develops due to incomplete
regression of the left anterior cardinal vein
during embryologic development (Figure 1).
Typically, PLSVC originates from the confluence
of the left internal jugular vein and the left
subclavian vein, runs along the aortic arch,
and drains into the coronary sinus (CS) before
reaching the right atrium (RA). In approximately
10%-20% of cases, PLSVC drains directly into
the left atrium (LA), resulting in a right-to-left
shunt (Figure 2), which may cause cyanosis

and paradoxical embolism"*®.

RIGHT

LEFT

ANT. CARDINAL
/ VEINS

COMMON CARDINAL
VEINS

POSTERIOR CARDINAL
VEINS —=

Figure 1 Embryological development of the superior vena cava. (SVC, superior vena cava; BCV,

brachiocephalic vein; RA, right atrium.)

The right and left anterior cardinal veins drain blood from the cranial portion of the embryo in

the early embryonic stage. These veins join the common cardinal veins before entering the

sinus venosus. Normally, the left common cardinal vein and most of the left anterior cardinal

vein regress, leaving only a remnant known as the ligament of Marshall. Venous return from

the left side of the head and upper extremity is then redirected through the left brachiocephalic

vein (BCV) to the right side. The right anterior and right common cardinal veins persist and form

the normal right-sided SVC'.
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Figure 2 Schematic of a persistent left superior vena cava. (CS, coronary sinus; SVC, superior vena

cava; IVC, inferior vena cava; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.)
The PLSVC courses anteriorly and drains into the CS, resulting in CS dilatation. The right SVC

and inferior vena cava also drain into the RA. Notably, the bridging vein or left brachiocephalic

vein (depicted by dashed lines) is absent, which is a common finding in PLSVC®.

Most cases of PLSVC are asymptomatic.
However, the anomaly becomes clinically
relevant during cardiovascular interventions.
A dilated CS on echocardiography is often the
first clue. Agitated saline contrast injected into a
left-sided vein can demonstrate early opacification
of the CS. These findings inform further evaluation
using advanced imaging modalities such as,
transesophageal echocardiography (TEE) typically
shows a dilated CS, multidetector CT, computed
tomography angiography (CTA), and magnetic
resonance venography (MRV) provide detailed
anatomical information about the PLSVC™.
Approximately 80%-90% of PLSVCs drain into
the RA via the CS without hemodynamic
consequences, whereas approximately 10%-20%
drain into the LA, directly or through an unroofed
CS, creating a right-to-left shunt with critical

clinical implications"”.

In situations where a PLSVC drains into
the RA and no significant associated anomalies
are detected, specific intervention is generally
unnecessary. Awareness is crucial during
vascular access because catheters may follow
an atypical mediastinal course. In cases of left
atrial drainage or significant right-to-left
shunting, surgical or percutaneous closure may
be considered. Long term follow up is generally
unnecessary unless associated congenital
anomalies are present'®"?,

This case report highlights the clinical
relevance of PLSVC in critically ill patients
requiring urgent vascular access and continuous
renal replacement therapy. It emphasizes the
importance of recognizing atypical catheter
trajectories on chest imaging, the role of
cross-sectional imaging in confirming venous

anomalies when echocardiography is not
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immediately available, and practical considerations
for safe catheter use and timely procedural

decision-making.

Case Report

A 23-year-old Thai male laborer with
no underlying medical conditions presented
with a 5-day history of fever, headache,
myalgia, conjunctival injection, chest tightness,
dyspnea, and hemoptysis following water
exposure. This case report was approved by
the Human Research Ethics Committee of
Chumphon Khet Udomsakdi Hospital (CPH-
EC-109/2568). Written informed consent was
obtained from the patient for the use and
publication of anonymized clinical data.

On admission, the patient was drowsy.

- Vital signs: BT 37°C, BP 75/45 mmHg,
PR 113/min, RR 30/min, and SpO2 94% (on
endotracheal tube, FiO, 1.0)

- HEENT: subconjunctival hemorrhage
in both eyes

- Heart: regular rhythm, no murmur

- Chest: fresh blood per endotracheal
tube, fine crepitations in both lungs

- Abdomen: no hepatosplenomegaly,
soft, not tender

- Extremities: no pitting edema

- Skin: no petechiae or eschar

Laboratory findings

- CBC: Hb 10.8 g/d|, Hct 32.5%, WBC 800
cells/mm?, N 65%, L 27%, Platelet 13,000 cells/mm?’

- Chemistry: BUN 46 mg/dl, Cr 2.81 mg/d|,
eGFR 30.3 ml/min/1.73 m* Na 138 mmol/L,
K3.9 mmol/L, Cl 101 mmol/L, HCO3 25 mmol/L,
Ca 7.2 mg/d\, PO, 4.43 me/dl, Mg 1.6 mg/d|,

J Med Health Sci Vol.32 No.3 December 2025

AST 120 U/L, ALT 74 U/L, ALP 367 U/L, TP 4.5 g/d,
Albumin 2.4 ¢/d(, TB 3.58 mg/dl, DB 3.51mg/dl,
Lactate 5.4 mmol/L

- Coagulogram: PT 14.9 seconds, INR
1.34

- Urinalysis: Yellow, pH 6.0, Specific
gravity 1.024, albuminl+, WBC 1-2 cell/HPF,
RBC 3-5 cell/HPF, blood negative, epithelium
not found

- Scrub typhus Ab IgM: weakly positive,
Leptospira Ab IgM negative

- AntiHIV: negative, Urine amphetamine:
positive

- ABG: pH 7.09, pCO2 74 mmHg, pO2
90 mmHg, HCO3 23 mmol/L, POZ/FiO2 ratio
90.4 mmHg

- Chest radiography: bilateral
reticulonodular infiltration (Figure 3)

- CTA chest is shown Figure 4

Diagnosis: scrub typhus complicated
by pulmonary hemorrhage and septic shock.
The patient was intubated, resuscitated, and
started on vasopressors, and a central line
was inserted via the right internal jugular vein.
The patient subsequently developed refractory
hyperkalemia, oliguria, and fluid overload
secondary to acute kidney injury, necessitating
urgent initiation of renal replacement therapy
in the setting of ongoing hemodynamic
instability. A double-lumen hemodialysis
catheter was inserted via the left internal
jugular vein under ultrasound guidance using
standard sterile technique, as the right internal
jugular vein was already occupied for
vasopressor administration. Adequate blood

flow was achieved, and the catheter functioned
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appropriately without immediate procedural
complications. Post-procedure chest radiography
revealed an unexpected left-sided catheter
trajectory. Continuous renal replacement
therapy was initiated concurrently with further
anatomical evaluation because the catheter
functioned satisfactorily and the patient
remained critically ill. Cross-sectional imaging
subsequently confirmed the catheter tip within
a persistent left superior vena cava draining

into the coronary sinus. The hemodialysis

catheter remained functional throughout
continuous renal replacement therapy without
evidence of catheter-related complications.
The patient’s hemodynamic status gradually
improved, renal function recovered, and renal
replacement therapy was successfully
discontinued. The patient was subsequently
extubated and discharged in stable condition,
with no clinical evidence of embolic or vascular
complications related to the anomalous

venous anatomy during hospitalization.

Figure 3 Chest radiography showing the atypical location of the left hemodialysis catheter along

the lateral border of the left cardiac edge (arrow).
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Figure 4 Computed tomography angiography (CTA) of the chest. (CT: Computed tomography.)

A: Axial CT image showing the tip of the left central venous catheter (arrow) located near the

left atrial appendage. The vessel in which the catheter is located leads to the CS and drains

into the RA.

B: Coronal reformatted CT image showing the left central venous catheter leading to the PLSVC

(arrow) along the left edge of the mediastinum compared to the right central venous catheter

along the SVC to the cavoatrial junction (asterisk).

C, D: Sagittal reformatted CT image and 3D volumetric rendering image showing the tip of the

left central venous catheter leading to the PLSVC draining into the CS (arrow).

Discussion

The 23-year-old male presented with
scrub typhus complicated by pulmonary
hemorrhage and septic shock, later developing
acute kidney injury that necessitated urgent
renal replacement therapy. A PLSVC was
incidentally identified during catheterization,
consistent with previous reports in which an
atypical left-sided catheter trajectory on chest
radiography prompted the diagnosis during
hemodialysis procedures.”’ Recent case

J Med Health Sci Vol.32 No.3 December 2025

literature likewise documents PLSVC initially
suspected from a left mediastinal catheter
silhouette after hemodialysis catheter
insertion, with confirmation by echocardiography

112 The clinical

and computed tomography.
impact of PLSVC is determined by its drainage
patterns and associated anomalies. Most
PLSVCs drain into the RA through the CS,
generating no hemodynamic shunt but
occasionally complicating device implantation

or catheter manipulation®"".
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In this case, post-procedure radiography
demonstrated a catheter tracking along the
left cardiac border, and computed tomographic
angiography delineated the catheter within a
PLSVC draining into the CS. This closely
parallels experiences from dialysis-access case
series in which imaging clarified safe positioning
and mapped the venous route”"'**. A
contextual nuance is the patient’s critical
illness. Literature on hemodialysis access
suggests that temporary catheterization
through a PLSVC may be feasible when
drainage to the RA is adequate and no major
anomalies are present, whereas variants with
left-atrial drainage, small caliber, or tortuosity
may underperform or require alternative
access routes''. Prompt identification of the
anomalous course in this patient minimized
unnecessary exchanges or manipulation and
was consistent with procedural strategies
recommended in prior reports.

This case illustrates that in critically
ill patients requiring urgent vascular access,
the incidental discovery of a PLSVC can
directly influence procedural decision-making

and the timeliness of essential therapy. The

patient’s hemodynamic instability, diffuse
pulmonary hemorrhage, and acute kidney
injury required rapid initiation of renal
replacement therapy, during which the
anomalous venous course was first suggested
by an unexpected left-sided catheter trajectory
on chest radiography. In the absence of
immediate echocardiography, a limitation
common in many hospitals, computed
tomography provided the anatomical clarity
necessary to ensure correct catheter positioning
and to avoid delays or unnecessary
manipulation.”” This experience underscores
the importance of considering venous
anomalies when catheter advancement
deviates from the anticipated course, as timely
recognition can reduce complications and
preserve access to life saving interventions.
Heightened diagnostic vigilance in such
scenarios may therefore enhance procedural
safety and support the timely delivery of
critical therapy'*. To facilitate practical clinical
decision-making, a simplified evaluation
algorithm for an unexpected left-sided

catheter trajectory is proposed (Figure 5)
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Left-sided

central venous catheterization

Abnormal left-sided course
on che

Assess hemodynamic stability
and catheter function

Unstable

Proceed with urgent therapy
(e.g. CRRT)

PLSVC to LA / shunt / anomaly

Avoid catheter use

Stable

Confirm venous anatomy
(Echo / CT / CTA)

PLSVC to RA via coronary sinus

Catheter use with caution

Figure 5 Clinical algorithm for abnormal left-sided catheter trajectory. (CRRT, continuous

renal replacement therapy; LA, left atrium; RA, right atrium; CTA, computed tomography

angiography.)

Conclusions

PLSVC is frequently asymptomatic, yet
it carries important procedural implications in
critically ill patients. An unexpected left-sided
catheter trajectory should prompt confirmation
with echocardiography or cross-sectional
imaging, as early identification can prevent
unnecessary catheter manipulation and

procedure related complications.
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Sirenomelia (Mermaid syndrome) with bilateral renal agenesis and a single

umbilical artery: An autopsy case report with embryological insights

Phirasit Chaijitrawan’, Pornchai Sooksaen’, Natcha Poungmeechai’, Nawaluk Atiroj”
'Division of Pathology, Thammasat University Hospital
“Department of Pathology, Faculty of Medicine, Thammasat University

Abstract

Sirenomelia, also known as mermaid syndrome, is a rare and typically lethal congenital
anomaly characterized by the fusion of the lower extremities and multiple visceral malformations.
Its pathogenesis remains debated, with proposed mechanisms including abnormal vascular
development (vitelline artery steal) and defective caudal mesoderm formation (defective
blastogenesis). We describe a full-term female fetus (gestational age of 37+1 weeks) born to a
21-year-old primigravida, in whom prenatal ultrasonography revealed growth restriction,
anhydramnios, and bilateral renal agenesis. At delivery, the neonate showed fused lower limbs,
imperforate anus, absent external genitalia, dysmorphic facial features consistent with Potter’s
facies, and a two-vessel umbilical cord, and died two hours after birth. Autopsy confirmed
bilateral renal agenesis, pulmonary hypoplasia, an absent urinary tract, and multiple dysmorphic
features. Placental examination revealed delayed villous maturation with a single umbilical
artery, and histology revealed lung immaturity inconsistent with gestational age. This case
illustrates the classical presentation of sirenomelia associated with the Potter sequence and
underscores the role of autopsy in clarifying its anomaly spectrum, supporting embryological

hypotheses, and guiding prenatal counseling.

Keywords: Sirenomelia; mermaid syndrome; renal agenesis; single umbilical artery; potter
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Introduction

Sirenomelia, also known as mermaid
syndrome, is a rare congenital anomaly with
an estimated incidence of 0.8 to 4.2 per
100,000 pregnancies'”. It manifests with
different degrees of fusion of the lower
extremities, most often accompanied by
bilateral renal agenesis, absent urinary tract,
imperforate anus, and genital agenesis’. The
prognosis is poor, largely due to renal agenesis
and pulmonary hypoplasia, which are
incompatible with neonatal survival’.

The pathogenesis of sirenomelia
remains controversial, with two main hypotheses.
The vascular steal hypothesis state that an
aberrant vitelline artery diverts blood flow from
the caudal embryo, leading to hypoperfusion
and abnormal development of lower body
structures™®. Alternatively, the defective
caudal mesoderm hypothesis suggests that
primary developmental failure in the caudal
region during early embryogenesis is the
causative mechanism™®. Both processes may
contribute, with vascular disruption serving as
the final pathway.

Potter sequence, which results from
severe oligohydramnios due to renal agenesis
or urinary tract obstruction, is characterized
by pulmonary hypoplasia and distinctive
craniofacial features (“Potter facies”), including
low-set ears, a flattened nose, and microstomia’.
This sequence is commonly associated with
bilateral renal agenesis and frequently
overlaps with sirenomelia.

Maternal diabetes is the most consistently

reported risk factor’, although associations

J Med Health Sci Vol.32 No.3 December 2025

with maternal age extremes, tobacco and
cocaine exposure, hyperthermia, and teratogenic
environmental factors have also been
described'’. Prenatal ultrasonography can
facilitate diagnosis, but detection may be
limited in cases of severe oligohydramnios.

Due to its rarity and phenotypic
heterogeneity, each case provides valuable
insights into clinical recognition, embryological
mechanisms, and parental counseling. Here,
we report a case of sirenomelia with bilateral
renal agenesis, Potter’s sequence, and a single
umbilical artery, confirmed by complete
autopsy and placental examination, and
discuss its implications in light of current
pathogenetic concepts.

Case report

A 21-year-old primigravida with no
underlying illness attended regular antenatal
care beginning at a gestational age (GA) of 7+3
weeks. She reported cigarette smoking until
six weeks of gestation but denied alcohol or
illicit drug use during pregnancy. Routine
serological tests were unremarkable (blood
group A Rh-positive, hemosglobin 13.4 ¢/dL,
venereal disease research laboratory (VDRL)
non-reactive, HIV and HBsAg negative).
Ultrasound revealed severe fetal growth
restriction (<10™ percentile), anhydramnios,
dolichocephaly, bilateral renal agenesis,
absent bladder, and a suspected single
umbilical artery. This case report was approved
by The Human Research Ethics Committee of
Thammasat University (Medicine) (MTU-EC-
PA-0-106/67). Written informed consent was
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obtained from the patient for the use and
publication of anonymized clinical data.

An elective cesarean section was
performed for breech presentation. A female
infant weighing 1,620 g (below the 3™
percentile) was delivered. The newborn
exhibited striking malformations, including
complete fusion of the lower extremities
(Figure 1a), rudimentary polydactyly of the right
hand (Figure 1b), dysmorphic facial features

consistent with Potter’s facies (Figure 1c),

absent external genitalia (Figure 1d), and an
imperforate anus (Figure le). The umbilical
cord contained one artery and vein (Figure 1f).
Despite admission to the neonatal intensive
care unit (NICU) for palliative care, the infant
survived for only two hours. Postmortem plain
radiography (babygram) demonstrated fusion
of the lower extremities, a single femur, two
tibiae, and absent fibulae, consistent with
sirenomelia type V (Stocker and Heifetz

classification)'" (Figure 2).

‘ath. i

Figure 1 External morphology of the neonate. a) gross photograph showing fused lower

extremities, b) lateral view with polydactyly of the right hand, c) dysmorphic facial features

consistent with Potter facies, including low-set ears, downward-curved nose, slit-like mouth,

and prominent infraorbital folds, d) the absent of external genitalia, e) imperforate anus, and

f) single umbilical artery at the fetal site
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Figure 2 Postmortem plain radiograph (babygram). a) babygram anteroposterior, b) leg anterior,

and c) leg posterior

Autopsy Findings: External examination
confirmed fused lower limbs. Internally,
bilateral renal agenesis and absence of the
urinary bladder were observed (Figure 3a). The
lungs were hypoplastic (14.4 ¢), and the heart

and great vessels were structurally normal.
rd th
-5

The placenta weighed 316 ¢ (3 percentile)
with a two-vessel cord (Figure 3b) and no

infarction or inflammation was observed.

Figure 3 Internal autopsy and placental findings. a) thoracoabdominal dissection demonstrating

hypoplastic lungs, bilateral renal agenesis, and an absent urinary bladder and b) placenta with

central insertion of a two-vessel cord

Histology: Microscopy of the lungs
showed saccular-stage immaturity inappropriate
for gestational age, confirming the pulmonary
hypoplasia (Figure 4a). Placental sections

revealed delayed villous maturation with

J Med Health Sci Vol.32 No.3 December 2025

reduced syncytial knots and a two-vessel cord
(Figure 4b) without evidence of chorioamnionitis
or infarction. Other organs showed autolytic

changes without any specific pathology.
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a)

b)

Figure 4 Histological features. a) lung tissue showing saccular-stage immaturity inappropriate

for gestational age (H&E, x100) and b) single umbilical artery and vein (H&E, x2)

Discussions

Sirenomelia has striking congenital
anomalies, with fusion of the lower extremities
serving as its hallmark feature. Most cases of
sirenomelia demonstrate lower limb fusion
with reduction anomalies, such as absent
fibulae or hypoplastic feet’. In contrast, our
case exhibited rudimentary polydactyly, which
is a rare finding in sirenomelia. This unusual
feature suggests phenotypic overlap with
other limb patterning disorders and underscores
the heterogeneity of caudal morphogenetic
disruption, where both reduction and
duplication anomalies may coexist'.

Most affected fetuses have severe
visceral malformations, including renal
agenesis, absent bladder, and imperforate
anus, as demonstrated in the present case
report. These anomalies are incompatible with
long-term survival, and neonatal mortality is
almost universal due to pulmonary hypoplasia
secondary to renal agenesis'.

The presence of the Potter sequence
in our case, with pulmonary hypoplasia and

characteristic facies (Figure 1c), underscores

the cascade of malformations resulting from
bilateral renal agenesis. Potter’s sequence
arises from prolonged oligohydramnios,
leading to pulmonary underdevelopment and
compression-related craniofacial changes’. Its
overlap with sirenomelia highlights the
convergence of vascular, mesodermal, and
renal developmental defects.

Two pathogenic models have been
proposed for sirenomelia. The vascular steal
hypothesis suggests that an aberrant vitelline
artery diverts blood from the caudal embryo,
impairing the development of pelvic and lower
limb structures®. This theory is supported by
the frequent finding of a single umbilical artery,
which was also observed in our case (Figure 4b).
Alternatively, primary caudal mesodermal
deficiency during early embryogenesis may lead
to the failure of caudal structure differentiation”.
This mechanism better explains associated
anomalies, such as neural tube defects or
vertebral malformations occasionally seen
with sirenomelia, and may also account for
atypical findings, such as the polydactyly

observed in our case (Figure 1b). The current
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consensus suggests that both mechanisms
may contribute, possibly in complementary
ways, with vascular disruption superimposed
on a background of mesodermal deficiency.
Our findings of a two-vessel cord, bilateral
renal agenesis, and severe caudal dysgenesis
support this multifactorial hypothesis.

Maternal diabetes has been consistently
reported as a predisposing factor”', although
other associations include maternal age
extremes, cocaine use, hyperthermia, and
teratogen exposure'®. Our case is notable
for early maternal smoking, which, while not
firmly established as a risk factor for sirenomelia,
has been implicated in adverse pregnancy
outcomes and an increased risk of congenital
anomalies. Epidemiological studies suggest
that maternal smoking during pregnancy is
associated with neural tube defects, limb
defects, and orofacial clefts”. Although a
causal relationship with sirenomelia cannot
be confirmed, this history underscores the
importance of smoking cessation counseling
as a preventive strategy in antenatal care.

Prenatal ultrasonography allows for
diagnosis, but visualization is often limited by
the presence of oligohydramnios. In such
circumstances, autopsy remains essential for
confirmation, delineation of malformation
extent, and counseling. The placental findings
in our case, including delayed villous
maturation and a two-vessel cord (Figure 4b),
provide additional support for the vascular
hypothesis.

Additional genetic investigations were

not performed. In the present case, severe

J Med Health Sci Vol.32 No.3 December 2025

structural malformations were detected
prenatally, including bilateral renal agenesis
and anhydramnios, and the postnatal course
was characterized by early neonatal death
with a palliative management approach. These
factors limited both the feasibility and the
potential clinical benefit of further genetic
evaluation. Nonetheless, a contributory
genetic role cannot be completely excluded,
and future studies incorporating molecular
analyses may provide further insight into the
pathogenesis of this rare condition.

Although rare reports of survival exist,
the prognosis is dismal and depends on the
presence of at least one functional kidney™.
In the absence of renal function, palliative
care is the only option, as illustrated in the
present case.

This report underscores the importance
of detailed clinicopathologic correlation in rare
anomalies such as sirenomelia. The presence
of the Potter sequence shows the cascading
impact of renal agenesis on fetal development,
and autopsy with placental examination
yielded valuable embryological insights into
its pathogenesis, thereby enhancing the
understanding of clinicians and pathologists.

Conclusions

Sirenomelia is a rare and typically fatal
anomaly that reflects profound disruption of
caudal embryogenesis. This case, characterized
by bilateral renal agenesis, pulmonary hypoplasia,
a single umbilical artery, and Potter’s sequence,
reinforces the vascular steal hypothesis while

highlighting the interplay between renal
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agenesis, oligohydramnios, and pulmonary
underdevelopment. Autopsy and placental
examination not only confirmed the diagnosis
but also provided valuable embryological
insights supporting the vascular and
mesodermal theories of pathogenesis. While
maternal diabetes is an established risk factor,
the history of early pregnancy smoking in this
case underscores the potential role of
modifiable environmental exposures. Although
causality cannot be proven, this association
reinforces the importance of early antenatal
counseling, particularly regarding smoking
cessation, as a key preventive strategy for
reducing teratogenic risk.
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