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Abstract
Background: This research evaluates the performance of an online WorkSlot Exchange system developed
using Google Forms and Form Approvals, replacing the traditional paper-based system. The study investi-
gates technology acceptance among staff in the Department of Family Medicine at Ramathibodi Hospital.
Objectives: To compare the efficiency of the online WorkSlot Exchange system with the traditional
paper-based system, and examine personnel's opinions, perceptions, and attitudes toward using the online

J Chulabhorn Royal Acad. 2026; 8(4): 304-313 304

© Chulabhorn Royal Academy. Terms and conditions of Creative Commons Attribution 4.0 International (CC BY NC ND 4.0) apply



WorkSlot Exchange system. (Google Forms).

Methods: A descriptive study employing the Technology Acceptance Model (TAM) for research instru-
ment design. The sample included 81 personnel from the Department of Family Medicine, of whom 74 were
active users of the online system. Data analysis was conducted using descriptive statistics and paired t-tests.
Results: A performance comparison revealed that the online system scored higher (Mean = 4.00) than the
traditional paper-based system (Mean = 3.48), with a statistically significant difference (p < .05). These
improvements were consistent across all dimensions: convenience, ease of use, operational tracking, and
accuracy. Regarding technology acceptance, users reported high to very high levels of Perceived Usefulness
(Mean = 4.56), Perceived Ease of Use (Mean = 4.30), and Attitude Toward Use (Mean = 4.38).

Conclusions: Implementing the online WorkSlot Exchange system, which utilizes Google Forms and
incorporates Form Approvals into working slot management, enhances efficiency and agility in the depart-
ment’s operations. It also serves as an essential tool demonstrating that selecting appropriate and accessible
technology can foster acceptance and promote a positive work experience for staff.

Keywords: Google Forms, Form Approvals, Technology Acceptance Model (TAM), WorkSlot Exchange
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fuvpangdnssuanudelalunsiluly (Behavioral

Intention) waznsideuass (Actual Use) Winsarnszuy
LLaﬂLﬂ?immsmma@ufaﬁﬁﬂﬂénLi"]uswuﬁyﬂmﬂsmﬂ
e ndudaelfnuauiafiinuauseeeans laynns
ppusuwmAlulad Usenaudipnssusivanuiyslyysl
(Perceived Usefulness) nangie mMssusuaeglianud
srULwanWALuATEuDaRlaNIn RS ENEA W TN
A15Y9L annatuaziofianatn andnliTsuaziud
Foufivionans Wemldnafinanafifidumesiiia way
ﬁwiﬁﬁmmmmfﬁaxmﬂLLa:%mjummﬁu ASTUSES
ANudelun1sidaen (Perceived Ease of Use) nunaiia
MsisuuiNsruniitunaumslinuiag faau idudem
SouslasiasnazlinaliAnaiugeeinlunisliau
YiAuAGFApN1SIINY (Attitude toward using) ruNgEs
ANnusEn Anude uazmsuszdiuvesdliaudifidans
1szuvinduselonl wansaulazas1UsaunsaiBeunn
Tngruaffifazavioudennuiowels anudulalums
UWULAZANTUDIINTEUURIAG 1 RN USEENE AW LAY
ANuazAIin S U B UALAEATLLLLRY

35n1sAnun (Method)

UseNNTUaTAZUFIBENN AD UAAINTAATINILANEAST
ASDUASY ABZLANIEFNERS [SSNENLIaNSUR UnTinenay
AR 911U 114 AU JITULEBNAFUFIDLIULDULANZA
(Purposive Sampling) mﬂrg"lﬁmuﬁwwmaﬂmma:
STUDLANLUELUATELEDNlaTdIuI 81 au [Fud
DINTYUNNY MUIU 27 AU LWNGFIPUIANT 9UIU 2 AU
uwwnddszantiy 91K 28 AN yaanasauaduayu
113 193 16 AU taztdmshigiAeadaslunsziums
WAAN15EH (FUA WeLNa WntifinnsEne @niind
NUUEEsTlU $11an 8 Al TafnuanTnIsAALI
(Inclusion Criteria) ﬁayﬂmﬂi‘ﬁﬂhumi?ﬁmuswu
wantlasuniszeuaaulaionulanlugie 5 Heud
NIHU (HATIAN - WEBA1AU 2568)

AsRRA¥aMSuDIngudangig

ATUT RuMIRNTENSSRIIAABIEASTUATSITY
TUAL ANZUNTIYFEERS ISINYIVIRIUSUE UrIINeIaY
ufina COA. No. MURA2025/615 Lilafufi 24 nsngiau
w.a. 2568 wuvapuaulfiinisyaanuBuyaunngnay
wuvaauany (Informed Consent) Tag{3luaiusinung
wuuaaUaUpaula WBULUULNASTDYALATIDAY
FUYDUAIHIUA15IVURTULANYTZADUAITANTY AT
soviuvapuanaiulUlnsanuadasts fayaunenay
wuuasuauazgaiuluaMuaukaziaus i W
(ifimsszydmu (@anonymous) Wntlasiunansznusinms
YR nundadnswasulimuizau (Undue Influence)
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wsneiiafitilunisfinuen

wUUEUIUAS IS UUkan WA BUASEua el
fMSVYAAINTANATBINBAIEATATOUASY TR INFULUY
Google Form apnuuulaslfuuudianenisyausunisty
walulad (TAM) Fepsungmsyausunazldeunaiulad
ninsaszuulnddunndayiiysla Taguuvaauaiule
HIUANTATINTDUAMAIWANAENTIAMIA 3 vy Haneui
ANNaDAAARYTENINeTRA N U9AUsEAeA (Index of
Item Objective Congruence: I0C) agjs¢%314 0.67 -1.00
fienanundosiu 093 wuuaBUAINUSTABUAIL 4 da% el

damd 1 fayamhlasfaauuvuasuany LA ang
Temszuulugie 5 Woufiiuindsannyaaing o1y
UszaunsainsTineuazaaiuensiiey Jeaduiuu-
aauniulszian Check List 977u 5 19

fufl 2 AsSpufinulssansaiwsenanensly
OATTLLLRN AT L waNLUAuSs U ey
LUUEDUNNUSZLAY Likert Scale 91133 4 §p @1usaLdan
aauld 5 szey

doufl 3 AnuAniuAsfumsissuuLanUany
Mszueaulai [Fud mssugieanuiivslusd (Perceived
Usefulness) mssugaeanudelunslieu (Perceived
Ease of Use) wazviAuafsanistdeans (Attitude toward
using) WuluuaauaINlszLan Likert Scale 91191 13 19
f1unsalianeauls 5 seeu

fufl 4 folaupuUTLAZAMUAMRUR LY
Aaudanyiia

dnsumsulanassiuanuAaFuAsAunsTEsEuY

= o

wantarunszaueeulal fispldmnuanerinisida

ANURINYURIARELTiRalE A LLLADUOLINAS TR
5 520 Tanwdsaandu 5 seiuded Aadyd 4.51-5.00
immﬁmﬁua%ﬂuizé’umﬂﬁq@ 3.51-4.50 fanuAnLAu
agluszAvinn 2.51- 350 Ianudaiiuaguszduiunans
1.51-2.50 fianudaiunglusedviioy waz 1.00 - 150
ﬁmmﬁmﬁuazﬂui:ﬁuﬁaﬂﬁqm

A5ILASITRIDYA

3

AanghAiayadyafifibenwssaun Usenaudiy as
WenAUasANNA Asapar Auady damduauuinasgn
dnrsuMsSHLRUUSE AN WuasssUULanWEUASE
Nuesulatazszuunsidianans 3wrsieilesld Paired

t-test AiszAudyaAsyn19adiA 0.05

wan1sAnuI (Results)
NANMTANHIWLIUAAINTAATBINBFNFATATEUAT?
Fruau 81 A Tuszeza 5 EouinIu (1.6, 68 - w.a. 68)
ir;ﬂﬁmusmuLLaﬂLﬂ?\'yumizmuaaufaﬁa}’mu 74 A
tusuauiidusnsgunndsiuiu 21 au ($auay 28.4)
WANEEI18USANSINUIU 2 A% (SDYaT 2.7) nngUszanting
U 27 AU (SBBAL 36.5) UAaINTENEEHUaRNITINS
U 16 AN (SDYAE 21.6) WELAUNKARLUIEUDATNIY
2 A (3pwaz 27) LLazLa?mﬁﬂ‘*'?i;jL?imﬁm I@uA @nshiing
ﬁﬂ‘mLLazLﬁwﬁwﬁqsmsa}’wmu 6 AU (SB8az 8.1) uAaINS
sulne)finnyszndne 31 - 40 T Juszaunisalnnsrinau
2- 57 aauzlunslinudimnaidndldnudim 6l ay
(Sppar 82.4) spvawn@e {lifoyadiuiu 8 Au (Sova
10.8) uazidudpnd@iazdldnuduig 5 au (Sauaz 6.8)

a15197 1 fayavi (Wuaedlinussuyuanifsunissaussulailugieszezina 5 Waufiiiuun (n=74)

iaya U ($98a3)
1 daztanyeainsg
1M UNNY 21 (28.4)
WWNEa1gusng 2 (2.7)
wwnguszannu 27 (36.5)
YAINTENYATVAYUIBINNG 16 (21.6)
wmmauwuﬂgﬂwuaﬂ 2 (2.7)
Lﬁmﬁwﬁgﬁmﬁaﬂ (s finsEnm Lﬁmﬂwﬁl@sms) 6 (81
2. 918
11971 30 1 24 (32.4)
31-40 7 27 (36.5)
41-50 7 18 (24.3)
11nn91 50 T 5 (6.8)
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faua
CT]

914U ($22a2)

3. Usgaun15nInIsYinenu

1ipynin 2 7 11 (14.9)
2-59 28 (37.8)
6-10 7 10 (13.5)
11nA71 10 25 (33.8)
4. §01UzATIENU

Al 61 (82.4)
Houdifiuaslinn 5(6.8)
Kl51nya 8 (10.8)

15199 2 1an15 U5 UMEUUSEANS AN NAITIAN LU AUBN1TTNUANS LN FITLUDLRN LazsU UL AR UASE e lall
U29YAAINTANAIBINBANEATATEUAT

UseENSnIw STUULDAFIS szsuvuaaulal t df P value
Mean (SD) Mean (SD)
ANMUATAIA LASLEY 3.85 (1.07) 4.65 (0.54) 5.803* 73 .000
anudelunistiau 3.95 (0.99) 4.54 (0.71) 4.331* 73 .000
ANSEAMIUNANITANHUL 3.46 (1.28) 4.46 (0.65) 5775* 73 .000
mmgﬂ(ﬁmiumsdw WU 2.68 (1.44) 2.35 (1.50) 2.028* 73 046
523 3.48 (0.83) 4.00 (0.53) 5.591% 73 .000

* o @

g eyneadfvisedu .05

NN 2 MSLUSaUWsUUSEENS I WASIEBAaS
LmuLaml,a:ixuuLLaﬂLﬂﬁyumsmmaauiaﬁumyﬂmﬂs

caa

MATEY danunaneeiuageiidydAymeaifniszay
05 TaszuunaniUdsunissanusaulaificnaagirigy
4.00 (SD = 0.53) s=uuULeAaISLULLRNT A1 RELNTY
3.48 (SD = 0.83)

WaResanseds Anuazanlunsliay anudy

Tuansldau uaznsfinaunansafinenu wudmaiade
fianuuanssiusteditfoddneadfifiszdu 05 Tay
szuvnanilasunisznuasulaifiag yEININTTUY
ASTUDULAL dmSuANugnasluasAdnnude
\Huditafean wodszuupaulaifidieissiniissuy
nasLULEupEeiifpd Ay meaiafiszdy 05 wiuiu
uaasismsiAnanuiiawanadivasndy

a1519% 3 MssusivanuiivstlugivassruyuaniUfsuniszauanulail (Perceived Usefulness)

Assusfieanuiivsslani Mean | SD STAV
ANUAALRAY

1 mslissuuuanasunissaussulaiiiwannalunmssuiuns 455 | 0.69 maﬁe}@
Jiopuiussuuienans
2. szunuandsunsezaunsulaiiiyaniofinnaiafionainty 439 | 095 1A
NnMsATENTDYalayAssufIua18iD
3. sruuanldrunszaueaulain riuaunsafaauniswanauls 442 0.86 u1n
4. szvunaniasunisznussulasiansalsldvanaiuaznaaaud 472 | 063 anfige
5. sruuuanLasumsramesulaitisane i iasiuasdnfum 474 | 053 anfige
wazaafuiinssauiuionans

574 456 | 052 | anfige
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NAN1SANBIANTSUST AU sElyyduDesTUULAN
wazumsznuseulas woihlagnwsanisauiangsos
feanuiivsslominglussiuanafige Seefusauwindy
456 (SD=0.52) WaRnsansets wuliszuunanasu

Mszupaulatigianaldansfiiuaioeiunisdafiu
wazanRuiinsdaLfivenas sesaundssunsalilénn
namaznﬂamuﬁ wazsTULwanUAruAsznunaulal
#zannalunsainnsiiofisudussuuienas

M15197 4 ﬂﬁ%’ufﬁﬂmmdwsTumsTﬁmuswuLLaﬂLﬂJﬁyumszmuaaufaﬁ (Perceived Ease of Use)

Assusfemnufivselol Mean | SD SEAU
ANUAALAN
1 szuukanilasunssanunaulailinuiyuaslidudau 427 | 0.85 gk
2. iuamunsalseuislissuuianiasunmsznuaaulatildagnesaig, 454 | 067 nfige
3. sUnuvassTULuanUABuAsEReeulal faeuuaztiilads 429 | 075 1A
4. Yhugdndszuuianasuniszausaulailidaldanuneiziuinn 422 | 094 110
Tunnsldau
EXEY 4.30 | 0.69 an

HansEABINTSUSEANUhsTuAsTdnupeszuy
uantasuniszeusaulal wuilagaiwsiuglie
fimssusieenudslumslinueyluszdvann fands
$2UWINAY 4.30 (SD = 0.69) i pRarseniusiise

WUINYAAINTAINITE L%%Jug”‘iﬁiﬁszuu wantagunise
nuppuladldngresiay sUluvBesTUULAnLRYY
Aszunauladdatan whlade WWaudewazlddudau

M1519% 5 euafsdanisidaussuuianiUisunisyausaulan (Attitude toward using)

Assusfeanufivselol Mean | SD STAY
ANMUAALAK
1 ¥husAndimsvihausesimianuBanguunniu W asuunldszuy 418 098 1A
wanlAgun1szaueaulan
2. iugdnddanslissuuuanidpunissanuesulaniunsianaiszay 445 | 074 110
3. YiuAnIAsigsruukanlisuniszanueaulaiilulszaunisalfidinala 4.42 0.76 1A
4. nugFadnssuunaniUisunssnusaulaifindissuuenasiuuiuaely 446 | 0.76 1A
594 4.38 0.71 a1

HaMSAAMTALARFDASITNUSE UL waA BE1ANTE
upaulaiwuIlasn s FnuivieuafidanisTdng
agluszdvann fA1waysIuWnAY 4.38 (SD = 0.71) Wiip
Ansanseiawuii yaanssininssuunaniUasunisy

pfivsruma (Discussion)

NanNsLUSY U UYSEENSAWANS T DA LUULAL
LAZSZUULLARN Lﬂ?izlumsxmuaaulaﬁuam@mﬂfa‘m@ﬁm
NBFNEASASELATI WUTANUEEAIN TUMS THNL ezl
AN BaznISBAUNaNITAHRNNTANULANENSAL
TapnamsissuaaelifiudnmslissuuaniUByumssny
paulailfinnuazan anudslunsiinudsasnadoadiy
HAAISANILDIUSANE AUABUALIALAZABE TISL-
WgUAISIININSEUUEITUST LU D LANADTZUUEITUT TN
Blannsafing wunseuuBidnnsafindvinlinssu-denieds

U NlENAAITEULE A TWUULRUT g lfyaaInsd
anusandaenslisTuuLanLUAyuAszD oAy
ATULANANTEY wazAnT1sTEsTULwaAEDLAITTN
pauladidulsezaunsaifiuinela

uaznsdumiayaiinnugnisunniu fuaniunauay
USunaumsiinseany seuulfanudgiazaznInauIgninms
Mhanansuardarin usinansldnssasanas w@mid
snnsadagriisiassmsiinantussouldvaishugUnsel
Foansid Toyalusruuianugnsasnsudmauysel msify
S ndedasyn1sife1IuIunITEUULAY
dmsuanuazainlunisidaussuusaulaniiaiy
fzAInU1INNIITEILIBAANTATEA ¥R TALAY Tan Y
mmiaLﬁﬁqﬁaaﬂaLLazLaﬂaﬁfédwmﬂnﬂﬁnﬂL’Jm 11198
\hsldnanaranarspunselfidousadumasiiin vinld
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fianudenguuarazainuadly andasfndusanuiivay
wan vasfienasnszaedasliiuiisafulasdnafiy
mellgeaaniiaseiindunianans®s upnaadisewudn
STULANSHUNARDAITTAAITANTEUEIBAAIA1 TUAS
nunuuazsuiayadaiueasasdafitiaiuaymums
euldagieazainuazsIniEadetus

anudelunslieussusaulaifionnuuulda =8
sywvudmsugliaey (user interface) Fduting dalw
AU SALAULAZILA WanES(AgLazsIats TReATy
msdurazdannanygiidaeu luusieaaisnszay
fndoalinaininlunsduninazdnnis Tagwnizda
Hfpyadsunaunnc® FeapnAdDIfUAISRAMIIDIITHS
WASANG? ANUINSWAINTULULAANSADALULYDY
srupasaumaliianuvinadengiaus aanuuuldnisg
Tude Bidudan wazmauauasnsiinuaseri g ly
sAadszuwiuds uaz Liu et a/®® nghszuunsdams
152U DID19155 7D a A UL TRTT B8 v u TH
59 lauaz s AN1S AT YDA LA AT U Wi
AVUWAA 15TUFDUL WUINANLNYFADMNSIHNIUSZULINNT
pyauarasaumALUDI DLW SUldAzIsRAY
agluszduunn afzﬁau"iﬁtﬁudwtﬁﬁﬁmmﬁmﬁutﬁmﬁu
seuupauladvhldmstinuldazantudisisauiisuty
FEUULDAFITILU LA

ASAAAIUNANITANALNL NANSRAA UL LAY
38vihdudafianuuindiuintunsinauenans o
srupeanlainly thoifiumsinaudingvaaianansvinli
I§suasuunypaLByu® aanmanedu Emre AVUCLUa®
AlFuwannasuddvialudinnungrinsslinsiaa
ufinnuTuselannnty aansansiesaudoundalday
a@ﬁmswmmﬁ@wamﬂmﬁa;ﬂaLLaszﬁmmmmLﬁaﬁaﬂm
pua Jeumnsenszuuenasfisayszaudayninis

U

1]
JUNYUBUBAATHAZEINARANSAAMUTDUNARS
ANugAADeluMsANTNOY wiszuusaulaiasd
foRlumshuanenuRanaefitinmnmstuiiniayads
auile uazastufiniayanainindas 1505 FpARADS
Ay Falo R, Encarnacion R® wudnaszuiunsiauiaya
Fuauee (manual data entry) 3nenduud LA WA
A9 fianuidpefiezifiniofiawain wiainnlsEn
fwndanuianarafiiintuanieaasszuulifaiiy
wAnEe Feri IRuTudasUdsuannanstissuuienans
wuunndussuupaulaiideldnuanuianaialunis
'ﬁwmﬁﬁLﬂuﬂﬁaﬁum,}uﬁﬁiumsﬁwswuaaufaﬁmﬂ%’u
WunuszuuenasIiy
Aanuienaladon1stissuwantUdyunssay
paulalaNNNSANBILUL1aDINNSEBNSUANS T A LLlaE
(Technology Acceptance Model: TAM) wu’hqﬁﬁmu

fn1ssusaeanuiivselul (Perceived Usefulness)
viruafsdon1sTinu (Attitude toward using) kazn1ssu3
feanudielunisliou (Perceived Ease of Use) aglu
seivann Wiafinsenmssusieenuiilselomilanisoy
WgunsldenaseseninessuueaulaliazssuuLenans
wuaMuLand1eiitaanlunaIufif nade dunisin
895200 SrULwanUayunszaunaulalausalieu
IdmnnauazAgaIufinuLAsa e dumssiin tuyme
fszuunasimualiyaansdofumendulazd
Tuwanuiiniisaudignues Waddudwuiunou
AsUfURu wazszyznaITUaILansEuLanIUEY
A5EUAUEINITANTUAITUANLUBDUAITEULESRFY
szuupaulailfiiee 4 Tunou Wnaniee 1- 3 Fu vausd
SEUULEASADRNLES 10 Fumaw Woan 5- 7 Fu duns
ARauaaIuEAITHAMUALNANTEN SeuUaulaiitin TR
A7fD9n1TUANLUAUATEOUAUTANTIFDUFAUE
wamsldviuAihmsuaniasumszauiuaghuiunsule
warsANTENTINMALTA LazmAlAnAuaTIa1nse
damsudafouiussuuiedRarsonaudduiunam
g TuaefszouinansuuuAndoe IR fUFIm
ﬁmﬂ{’lu@ﬁ@mmLaﬂmsamﬁLﬁyaﬁaﬂmwé’wﬁuﬂy’u
AauLAazTEdpauee dununszuiunsildnaiiass
ANNLEYSADNISFAMYTDUBAAT dnSUFuA Ty
waziuisaiy szuuenassnudasaudiuenans
msuaniasumsznuliuAdmihifiAsatas vinliae
s lumssaRuiiazanydiu sudedoednassnui
FALAVLDAFITEINSUAITNTIFD VI DUH AT UTZHZLIAN
arhiloy 1 U tumenseduiussuuaaulaiduiindoya
renua HunszuuTaeSaluTd wazanunsaniinanng
Fuliluesdasanufiomosiag iR usisn Vudpyaiies
\Enilpy thevaamldangaena wazananusndulunig
MiRufisaAuwnsmsmemunnldageduds uanaini
A15aAUSHASITNSEAEILAZAISRUN Sednafisnns
pusnREandny lumstiganasiasyfinsisounszan
(Angradugusssu
foyatednuansliifiniissuusnulaligiananiy
FUHDUYDINTTUIUNT AANNTENHIBIYAAINTTLALITDS
ansTIERAALINANS WuUsEENSwluAsAnauanIue
LDNENT LAZANNITEANANNLLAZANTIANSIDANTIADEN
ey Fenadwsitasdusuiiaduduamssuany
fuseluyiuazanssugivanudslunstinuduilady
ddnlunspansumaTuladunyaang®* uanani
stuuuasszuusanlatiitaeuLaziinledy amnsals
nulddpiaslddudonri i ldnuamunsasongisly
sruUkanlasunsznunaulatldatesinsilanlidas
Wemamsenunalumasifousii wndeiisasoungy
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Waeasudn q AAvatins Wi AseanuwuLBUaT WY
AMINWUDSsEUD Ysraunsalinstiny enusiulalunuies
AUADUALLADS ANUELATUASTTENULAZUSSTIAFINNIG
FapsT HeapnAdnafiUnuisuyas Davis® wuimssug
feanufivszloyduaznaissusisanudinlunslson
Hudlespddaluniseonsuinalulad wwiAafislasy
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Uselapl Assugiennudn® A1ssusisanuazanly
mstinufianuduiusifeuinaehefidpddmdunisdele
T dmsuriauafsansifnudanuduiusiBenndy
anusslalunmstinuuatniinfulsmenasgiefiis
fday Feapnadpafiundnnstuuuusans TAM fiszy
IvieuafLdudnaefiiionleseninenssusieainud
Uszlyyiuaznssusivanudglunstinuiungfinssy
msliase upnanilsmuiviauafvosiidonsling
aeiluseiunn Wadlifianuinlanazsusaaruassyuy
wdrmnnaungaufiunlinfiersausuuasih Wlfnuludige:

unasy (Conclusion)
msFamiifunsUssfiufsduasimalulagn
e lunsUfiRau Lﬁ'aagmgwmﬂiumﬂﬁmﬁszﬁw%mw
1p99UYsE IR AT Y aAranTUszfindsEAnsn s
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walulad Google Forms 1 lfunusyuuLana1swuULAY
nansIseElFFuImMslEszuuaulaifiussAnEnngs
Aszuuenasageiitoddeneaialunndiu il
fuanuazaInlunsiiny anudislunisideu as
AAAUNANITANANNN wazAugasinalunsafinay
WndaszfaunsuLiaanIsyausumalulad (TAM)
WuNyAAINsHATSUsReANuTUslmingTuseduunn
fign Tapszuupanlaiisandlisny aniuiidaiAy
LDAFNT LAZAADUADUATTYINL sunsaldldnaiinanan
dinifisuAuszunenasUUDLAL AssUsTernudely
msliinunuvisienaidensiinueguszdumn Taug
Mannsdndsamstissunuaniasumssauenulaisan
Pmstinudy fanuazaan Geugisiinuldogiemnig
Fufudszaunseifiiwala
A153sEULwaNLLApuASE e ulalill Google
Forms waz Form Approvals agifinyssanininuag
ANUAADIFAITHANTALTINONYRINIATYY RgaillrLFin
TmsiEonmaluladfimnzauuazindeldaunsadaasy
MsaNsLuaaseUsEaunselnM sy Beuan widngly
vnnganfinanuduanlusrasisn wegldnusunsaysus
IFptnemnsinazasendniennuazainfiiudundean
Uoudipaiinse Sedusudeanudslunsiiauoas

sty deiu mahmeluladmsaumaantilunisdans
HranavhnuFausnmefifiusEnsnwuasainsansy
AUDIANIUADINITYDIYAAINT IHYARTYA (R DEMNza

aghalsfimy msAnfiiuiiseiiagiewnansi
waluladinldunummizdIu uazdunguyaaInsd
Fmzzas defumniiudnsaznudiudu niady
naulinufiuanseiu p1adpelinmsusadiulseamsam
msiEonlimaluladfimanzanfudnuarauuasnguily
sk q ety

fintguauzlunsidluldyseTonl

1. Google Forms §auAvY Form Approvals #ana1n
aelfdmsunszuIusuanagunszanuiififeysia
nanpdFuiuLd feenansauszeadlifunszuunsensia
wouHaTumanluuB o Wi AsaYTANTaT AMsin
Iy #iomsBumsosng 9 Tanlisndudasedorinwe
AsoulUsiasu

2. msﬁﬁjﬁaﬂsmaumﬂﬁmuswuLLaﬂLﬂﬁﬂuﬂwszﬁwu
pauladdmsuauaszuy dondfuazdlteu

3. pudnspwaLanaunsaly Google Forms saufiu
fauLa50 Form Approvals wuu(sifaanldanale
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Abstract

Background: Biological indicators (Bls) are essential tools for verifying the effectiveness of steam
sterilization processes, particularly in Central Sterile Supply Departments, where accurate and timely
confirmation of sterilization cycles is required. Objective: This study aimed to compare the effectiveness
of a 5-minute super rapid-readout biological indicator and a 24-minute rapid-readout biological indicator
during pre-vacuum steam sterilization at 134 °C in the Central Sterile Supply Department of Mae Fah Luang
University Medical Center Hospital. Methods: This comparative experimental study evaluated two types of
biological indicators: Brand A, a 5-minute super rapid-readout Bl, and Brand B, a 24-minute rapid-readout
Bl. A total of 600 Bl samples were tested. The experiment was conducted under three steam exposure
durations: 1, 3, and 5 minutes, representing suboptimal, marginal, and adequate sterilization conditions,
respectively. The proportions of positive and negative results between the two products were compared
at each exposure duration. Statistical significance was set at p < 0.05. Results: In the I-minute cycle,
representing a suboptimal sterilization condition, both biological indicators yielded 100.00% positive
results, with no statistically significant difference between Brand A and Brand B. In the 3-minute cycle,
representing a marginal condition and a critical point for assessing Bl sensitivity, Brand A yielded 95.00%
positive results, whereas Brand B yielded 85.00%. This indicated a 10-percentage-point difference in
sensitivity, which was statistically significant (p = 0.032). In the 5-minute cycle, which represents an adequate
sterilization condition, both biological indicators yielded 100.00% negative results, indicating specificity
under the experimental conditions. Conclusion: The 5-minute super rapid-readout biological indicator
demonstrated significantly higher sensitivity than the 24-minute rapid-readout biological indicator in the
3-minute marginal cycle, which is a critical condition for detecting steam sterilization process failure. These
findings support the potential suitability of super-rapid-readout Bls for load-by-load quality monitoring in
settings that require rapid, highly sensitive verification. However, further studies are needed to evaluate

workload, cost, and occupational health implications.

Keywords: Super Rapid readout biological indicator, Steam sterilization, CSSD, Sensitivity, Steriliza-
tion failure detection
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wiamedAaylunsilasiumsunalduauasszasAsnduazarivayunsa adtheuauaupwinguusingdiUsednsaw
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Ard1Rgy: AUpUAldUaNDRY, ARl naNTINLEUsEANE

Abstract

Severe traumatic brain injury (TBI) is a critical condition associated with a high risk of secondary brain
injury, particularly due to fever. This evidence synthesis aimed to summarize current evidence on temperature
management in patients with severe TBI. Studies published between 2016 and 2025 were searched in Thaijo,
Google Scholar, PubMed, and the Cochrane Library using the PICO framework. Articles were selected according
to the PRISMA guidelines. A total of 198 studies were identified, and six studies met the inclusion criteria.

The findings showed that temperature management strategies include physical cooling, targeted
temperature management (TTM), and therapeutic hypothermia (TH). Cooling devices and selective brain
cooling applied to the head and neck were more effective than conventional methods in reducing body

temperature and intracranial pressure (ICP). Although therapeutic hypothermia effectively reduced ICP, current
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evidence does not demonstrate significant improvements in mortality or long-term neurological outcomes.

In conclusion, temperature management, particularly selective brain cooling and maintaining a target

temperature of 36.0 - 37.5°C, plays an important role in preventing secondary brain injury and supports

effective clinical management of patients with severe traumatic brain injury.

Keywords: Evidence-based practice, Temperature Management, Traumatic brain injury
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Abstract

Background and Purpose: Central sterile supply departments are essential to surgical and procedural
services using reusable medical devices. Their workflows consume energy, water, and packaging materials,
continuously generating waste. However, practical frameworks for calculating carbon footprints from routine
sterile processing activities and translating them into decision-ready indicators remain limited. This article
proposes a process-based framework for calculating the carbon footprint of sterile processing in central
sterile supply departments, integrating quality management, occupational safety, and sustainability. Methods:
This methodological academic article synthesized relevant evidence and developed a seven-step framework
based on process-based carbon accounting and life-cycle thinking. The steps include defining system
boundaries and functional units; developing an instrument set database; collecting daily activity data for
washer-disinfectors and steam sterilizers; calculating per-cycle emissions from activity data and emission
factors; allocating emissions to instrument sets and individual instruments; incorporating sterile barrier
systems and waste-management pathways; and linking the results to surgical case-level indicators. Results:
The proposed framework establishes per-cycle emissions as an auditable starting point and converts them
into per-set, per-instrument, and per-case indicators. These indicators reflect machine capacity utilization,
quality-related reprocessing, packaging choices, and waste-management pathways. Quality control points
are embedded in each step to support carbon reduction without compromising patient safety, infection
prevention, or occupational safety. Conclusions: The framework provides a transparent and repeatable
management tool for central sterile supply departments. It can support integrated decision-making on
quality, safety, and sustainability, and can serve as a basis for field testing and the development of hospital-

specific carbon reference values.

Keywords: Carbon footprint, Central sterile supply department, Sterile barrier system, Sterile processing,
Sustainability
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Abstract

Background and Objectives: Diabetic kidney disease is a major complication among patients with
type 2 diabetes mellitus and is associated with progressive renal deterioration, reduced quality of life, and
increased healthcare burden. This study aimed to examine the effects of a self-regulation-based self-care
promotion model on knowledge, self-regulation ability, and self-care behaviors among patients with type 2
diabetes mellitus. Methods: This quasi-experimental study employed a one-group pretest-posttest design.
The study was conducted between June and August 2025. The participants consisted of 44 patients with
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type 2 diabetes mellitus receiving services at the diabetes clinic of Makha Subdistrict Health Promoting
Hospital, Nakhon Ratchasima Province. The research instruments included: (1) a self-care promotion model
developed by the researcher, (2) a questionnaire on diabetes knowledge and prevention of diabetic kidney
complications, (3) a self-regulation ability questionnaire, and (4) a self-care behavior questionnaire. Data
were analyzed using descriptive statistics and paired t-test. Results: After participation in the program, the
participants demonstrated significantly higher mean scores in diabetes knowledge, self-regulation ability,
and self-care behaviors compared with the pre-intervention period (p < .05). Conclusion: The developed
self-care promotion model was effective in enhancing self-care capacity among patients with type 2 diabetes
mellitus and supporting the prevention of diabetic kidney complications. The findings suggest that the
model could serve as a practical approach for strengthening diabetes care and promoting self-management
in primary healthcare settings.

Keywords: Kidney complications, Self-care, Self-regulation, Type 2 diabetes mellitus
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2. 218
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3. 4974A N

180 2 4.5
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Uszaudnw 33 75.0

583NN 9 205
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bAESNST 15 341

Ay 5 114
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10. szdusnanaluidan (FBS)
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71-80 mmHg 24 54.5

81-90 mmHg 17 38.6
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Abstract

Background Human epidermal growth factor receptor 2 (HER2) is an important prognostic and predictive
marker in breast cancer patients. HER2 amplification status is a prognostic factor for the response to
HER2-targeted therapy. HER2 status can be screened via immunohistochemistry (IHC). HER2 gene amplification
can be detected by fluorescence in situ hybridization (FISH) according to ASCO/CAP 2018 guidelines. In 2023,
the ASCO/CAP guidelines for HER2 testing by FISH were updated. We analyzed the correlation between HER2
IHC status and FISH-HER2 expression according to updated guidelines. Methods Female patients with
histologically confirmed invasive breast cancer were enrolled at Chulabhorn Hospital. HER2-IHC staining
was performed and interpreted according to the 2023 ASCO/CAP guidelines. Equivocal (2+) or positive (3+)
IHC results were confirmed with FISH testing. Results A total of 263 patients was classified into 192 patients
in the HER2-IHC 2+ group and 71 patients in the HER2-IHC 3+ group. Among patients in the HER2-IHC 2+
group, 138 had negative FISH results, and 54 had positive FISH. Results All 71 patients with IHC 3+ had
positive HER2 FISH results. Our study revealed a statistically significant relationship between positive (3+)
IHC and FISH for HER2, with a correlation rate of 100% in the IHC 3+ group (rs=0.639, p<0.001) and 28% in
the equivocal (2+) IHC group. Conclusion In accordance with the 2023 ASCO/CAP recommendations, our
findings support that FISH testing is not required for patients with HER2 IHC 3+ breast cancer, which may

help expedite therapeutic decision-making and treatment initiation.

Keywords: ASCO/CAP 2023, Breast cancer, Dual-probe ISH, FISH, HER2, IHC

Introduction such as Thailand, account for roughly 60% of these

According to GLOBOCAN 2023, breast cancer deaths. Domestic data from 2023 indicates that breast
remains the primary cause of cancer-related fatalities cancer is the most frequent diagnosis in Thai women
and the most prevalent malignancy among women (23.2%) and ranks third among all cancers nationally
globally, with a rising trajectory expected in the (11.8%).2 Over two decades, Thailand’s incidence rates
coming years.! Low and middle-income nations, have climbed, reaching a peak age-standardized

J Chulabhorn Royal Acad. 2026; 8(4): 360-369 360



rate (ASR) of 28.5 per 100,000 person-years.® Crucial
to treatment planning are biomarkers like Estrogen
receptor (ER), Progesterone Receptor (PR), and
Human Epidermal Receptor 2 (HER2), which serve as
essential prognostic indicators. Notably, research
has shown high levels of biomarker consistency
between primary tumors and metastatic lymph
nodes, specifically for HER2 (84.1%), estrogen receptor
(ER) (77.6%), and progesterone receptor (PR) (82.2%).°

The HER2 gene, situated on chromosome 17
(17912 - 21.32), plays a fundamental role in various
malignancies, most notably breast cancer® It is
responsible for regulating vital cellular functions,
including proliferation, differentiation, motility, and
programmed cell death.” Approximately 15 - 20% of
invasive breast cancers exhibit HER2 gene amplifica-
tion®, a status that serves as both a prognostic and
predictive indicator. Specifically, overexpression is
linked to a higher likelihood of systemic metastasis
and reduced survival rates.® However, HER2 status
also informs therapeutic strategies, as it determines
sensitivity to anthracycline-based chemotherapy
and identifies candidates for specialized targeted
therapies.®

Immunohistochemistry (IHC) and fluorescence
in situ hybridization (FISH) are the standard estab-
lished HER2 testing methods used to determine the
HER2 status of patients with breast cancer receiving
anti-HER2 therapy. Recently, FISH was approved by
the US. Food and Drug Administration (FDA) to assess
HER2 amplification in HER2 testing in breast cancer.®
The FISH technique can be used to evaluate HER2
gene amplification in terms of the HER2/CEP17 ratio
and HER2/nucleus ratio, according to the American
Society of Clinical Oncology (ASCO) and the College
of American Pathologists (CAP) guidelines for breast
cancer! Many laboratories have adopted IHC as
primary testing, followed by FISH as confirmation

for tissue with an equivocal IHC result, such as IHC 2+12,
given the higher failure rate, longer procedure time,
and higher reagent cost of FISH compared with IHC.
The ASCO/CAP 2018 version of breast cancer guide-
lines improved the analytic validity of HER2 testing
by standardizing and ensuring accurate detection of
HER2 gene amplification or protein overexpression
in breast cancers and enhanced the clinical utility
of HER2 as a predictive biomarker for potential
responsiveness to therapies targeting the HER2
protein.!? In HER2 2+ IHC or equivocal cases, the
ASCO/CAP 2018 guidelines recommend reflex FISH
testing on the same sample or ordering a new test if
both IHC and FISH are available. The criteria of the
2023 “Human Epidermal Growth Factor Receptor 2
(HER2) Breast Testing Guideline Update” reaffirmed
the 2018 “HER2 Breast Testing Guideline Focused
Update” and remained unchanged.

The ASCO/CAP 2023 guidelines categorize HER2
testing by dual-probe FISH into 5 distinct groups
based on the HER2/CEP17 ratio and the average HER2
copy number per cell. Group 1: HER2/CEP17 ratio > 2
and HER2/nucleus >4, group 2: HER2/CEP17 ratio > 2
and HER2/nucleus <4, group3: HER2/CEP17 ratio < 2
and HER2/nucleus = 6, group 4: HER2/CEP17 ratio < 2
and HER2/nucleus > 4 or < 6 and group 5: HER2/
CEP17 ratio < 2 and HER2/nucleus < 4. as shown in
Table 1. Group 1 cases are HER2-positive, and Group
5 cases are HER2-negative; neither type requires
IHC correlation. Groups 2 - 4 include equivocal or
borderline cases, and the guidelines specify that IHC
should be performed on the same tissue section
or, when available, that a new specimen be tested
with both IHC and FISH to generate an IHC score
and determine HER2 status.!®
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Table 1 presents the 2023 “Human Epidermal Growth Factor Receptor 2 (HER2) Breast Testing Guideline

Update” regarding HER2/neu assessment by fluorescence in situ hybridization (FISH) in breast cancer.

Group HER2 testing IHC FISH

1 HER2/CEP17 Average HER2 copy number > 4.0 - Positive
ratio > 2.0 signals/cell

2 HER2/CEP17 Average HER2 copy number < 4.0 3+ Positive
ratio > 2.0 signals/cel 2+ Negative™*

3 HER2/CEP17 Average HER2 copy number > 6.0 2+,3+ Positive
ratio <2.0 signals/cell

4 HER2/CEP17 Average HER2 copy number > 4.0 and < 3+ Positive
ratio <2.0 6.0 signals/cell 2+ Negative*

5 HER2/CEP17 Average HER2 copy number < 4.0 - Negative
ratio <2.0 signals/cell

*|f the IHC result is not 3+ positive, it is recommended that the specimen be considered HER2 negative because of the

low HER2 copy number by FISH and lack of protein overexpression.

This study aimed to determine the concordance
rate between IHC and FISH for HER2 testing in breast
cancer patients at Chulabhorn Hospital, based on
the 2023 ASCO/CAP recommendations. Specifically,
the study evaluated whether HER2 IHC 3+ results
could be considered definitively positive without

Method
Study population.

This single-center retrospective study enrolled
female patients who were diagnosed with breast
cancer between 1 January 2022 and 31 December
2023. This study protocol was reviewed and approved
by the Human Research Ethics Committee of Chula-
bhorn Royal Academy (ECO74/2567). Patients with
histologically confirmed invasive breast carcinoma
and IHC staining were interpreted per the 2023 CAP/
ASCO update recommendations. After that, the IHC
staining results of equivocal (2+) or positive (3+)

requiring confirmatory HER2-FISH testing, thereby
supporting the indication for anti-HER2 therapy. This
approach may reduce testing turnaround time by
at least 14 days, lower costs, and facilitate earlier

treatment initiation.

samples were confirmed with FISH for HER2 testing.
Patients with negative results for HER2-IHC result
(scores O and 1+) were not required for FISH for HER2
testing and were excluded. Patient demographic
data and pathologic details, including hormonal
status, HER2 status, the marker of proliferation,
proliferative index Kiel 67 (Ki-67), and tumor staging,
were collected at the time of diagnosis on the basis
of the 8th AJCC classification. The workflow of the
research procedure for the patients included in the
study is shown in Figure 1.

Figure 1. Flow diagram of the patients included in the study

Breast cancer
patients
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Immunohistochemistry

IHC staining was performed on 3-um-thick,
formalin-fixed, paraffin-embedded (FFPE) sections
from the same sample blocks used for HER2 FISH
testing. IHC was performed using an anti-HER2/neu
(4B5) rabbit monoclonal antibody (Ventana Medical
Systems, Inc.). The reliability and validity of HER2
IHC results rely on the principles of the VENTANA
anti-HER2/neu (4B5) assay. Pre-analytical variables
heavily impact clinical validity; specifically, strict
adherence to tissue fixation in 10% neutral buffered
formalin (NBF) for 4 to 8 hours is critical to prevent
antigen degradation and ensure accurate membrane
staining. To minimize human error and maximize
reproducibility, all assays were performed using
automated slide stainers with pre-diluted reagents
and were continuously validated against standard-
ized cell line controls (PATHWAY HER2 4-in-1). Two
breast pathologists reviewed the IHC slides. The first
pathologist has 5 years of specialized experience
and evaluates 120 cases annually in the Department
of Surgical Pathology, Chulabhorn Hospital. The
second pathologist had 6 years of experience and
had assessed more than 1,000 cases annually at
the Institute of Pathology, Ministry of Public Health.
The results were interpreted according to the 2018
ASCO/CAP guidelines.

HER2 FISH testing.

FISH was performed on 2 um sections of formalin-
fixed, paraffin-embedded samples via dual-color
HER2/CEP17 DNA probes (PathVysion Her2/neu DNA
probe Kit; Abbott). The DNA probe contains HER2
at a specific locus (red signal) and a control probe
specific for the centromere of chromosome 17 (green
signal). HER2 amplification signals were detected
using a fluorescence microscope (Olympus BX63).
Images were captured at 60X magnification, analyzed

by ASI (Applied Spectral Imaging), and processed
via the GENASIS program. The interpretation of the
results was based on the 2023 ASCO/CAP guidelines.

Statistical analysis

To determine the concordance rate between
HER2 IHC and FISH for HER2 testing in breast
cancer patients, in accordance with the ASCO/CAP
2023 guidelines at Chulabhorn Hospital, we used
descriptive statistics to identify baseline clinical
characteristics of HER2 alterations in breast cancer
patients. The results are shown as correlations with
percentages and were subsequently analyzed via
Spearman’s rank-order correlation.

Results

Between January 2022 and December 2023, we
enrolled 916 patients who were diagnosed with breast
cancer at Chulabhorn Hospital. Among these, 263
patients exhibited equivocal or HER2 IHC3+ staining
and required confirmed FISH studies, which were

included in this study.

Demographic data

Among the 263 patients with HER2 IHC2+ or HER2
IHC3+ breast cancer,the mean age was 56.93 +£11.81
(SD) years. All invasive breast carcinoma samples
were tested for estrogen receptor (ER), progesterone
receptor (PR), HER2, and Ki-67 expression via immuno-
histochemistry (IHC). ER was negative in 21.76% (57
of 263) of patients and positive in 74.52% (196 of
263) of patients. PR was negative in 36.5% (96 of
263) of patients and positive in 59.7% (157 of 263).
Ki-67 expression was less than 20% in 21.29% (56
of 263) of the tumors and 20% or more in 66.16%
(174 of 263) of the tumors. The clinicopathologic
characteristics of HER2 alterations among female
patients with breast cancer are shown in Table 2.
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Table 2 Clinicopathological characteristics of HER2-positive breast cancer patients in each ICH group at

Chulabhorn Hospital, Thailand.

Characteristics Total HER2 IHC HER2 IHC
(n=263) Equivocal (2+) Positive (3+)
(n=192) (n=T1)
Median age, years 5693 £11.81 5597 £10.30 5728 +12.33
Stage
0 1
1 472
2 94
3 69
4 57
Hormonal status
Estrogen Receptor negative 57 (21.76%) 26 (13.54%) 31 (43.66%)
(ER) positive 196 (74.52%) 164 (85.42%) 32 (45.07%)
no data 10 (3.80%) 2 (1.04%) 8 (11.27%)
Progesterone negative 96 (36.50%) 56 (29.17%) 40 (56.34%)
Receptor positive 157 (59.70%) 134 (69.79%) 23 (32.39%)
(PR) no data 10 (3.80%) 2 (1.04%) 8 (11.27%)
Marker of <20% 56 (21.29%) 51 (26.56%) 5 (7.04%)
Proliferation Kiel 67 >20% 174 (66.16%) 120 (62.50%) 54 (76.06%)
(K-67) no data 33 (12.55%) 21 (10.94%) 12 (16.90%)

The concordance rate between HER2 IHC and
FISH

The patients were categorized into two groups
according to their HER2 IHC staining status. A total
o0f 192 patients were classified into the equivocal or
2+HER2 IHC staining group, and 71 were classified
into the positive or 3+HER2 IHC staining group. All
patients were confirmed by FISH.

As shown in Table 3, of the 192 patients, 118

had negative FISH results (group 5), and 53 were
confirmed to be FISH-positive (group 1). Further-
more, 21 patients were assigned to groups 2, 3, and
4 based on dual-probe FISH per the ASCO/CAP
2023 guidelines, necessitating additional workup.
In those groups, blind observers performed FISH,
and at least 20 cells were counted. Furthermore, 71
patients had positive scores, 3+ HER2 IHC staining,
and FISH confirmation, all of which were positive.
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Table 3 Genomic HER2 alteration clone characteristics by dual-probe FISH and IHC for HER2 based on

the 2023 ASCO/CAP guidelines among patients with breast cancer at Chulabhorn Hospital, Thailand.

Group Conditions N (%)
1 HER2/CEP17 Average HER2 copy number > 4.0 53 (20.2)
ratio > 2.0 signals/cell
2 Average HER2 copy number < 4.0 12 (4.6)
signals/cel
2* 3 Average HER2 copy number 2 6.0 1(0.4)
signals/cell
4 HER2/CEP17 Average HER2 copy number > 4.0 8 (3.0)
ratio <2.0 and < 6.0 signals/cell
5 Average HER2 copy number < 4.0 118 (44.9)
IHC signals/cell
1 HER2/CEP17 Average HER2 copy number > 4.0 70 (26.6)
ratio = 2.0 signals/cell
3+ 2 Average HER2 copy number < 4.0 0
signals/cel
3 Average HER2 copy number > 6.0 1(0.4)
signals/cell
4 HER2/CEP17 Average HER2 copy number 2 4.0 0
ratio <2.0 and < 6.0 signals/cell
5 Average HER2 copy number < 4.0 0
signals/cell
Total 263 (100)

Regarding the genomic characteristics of HER2
alterations, this study revealed that of 71 IHC-positive
(8+) patients, 70 were in group 1 (classical HER2
amplification) based on dual-probe FISH, per the
ASCO/CAP 2018 guidelines. However, one patient was
in group 3 (Co-amplification, previously characterized
as polysomy 17). The 2+ IHC group or equivocal share
of varieties of HER2 clones may interfere with the
IHC results.

The correlation rate between the HER2 IHC
2+ group and HER2 FISH amplification was 28.12%,

which was not statistically significant. However, the
correlation rate between the HER2 IHC 3+ group
and HER2 FISH amplification was 100%, with a
Spearman’s rank-order correlation of 0.639 and
statistically significant (Table 4). This study also
evaluated the diagnostic performance of the IHC
method for determining HER2 status, with FISH as
a confirmatory test. The positive predictive value
for positive IHC 3+ cases was 100.0% (95% Cl: 94.9
-100.0).
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Table 4 Correlation between IHC and FISH results for HER2 expression according to the 2023 ASCO/CAP

guidelines.
Testing modalities FISH Total Correlation (%)
Negative Positive
IHC 2+ 138 54 192 2812
3+ 0 71 71 100*
Total 138 125 263

*rs=0.639, p<0.001

Discussion

Focused updates to the ASCO/CAP guidelines
for HER2 testing in breast cancer were published in
2023% to address several concerns raised following
publication of the 2013 ASCO/CAP guidelines® and
to refine the definitions of HER2 status in specific
situations. The 2018 and 2023 updated ASCO/CAP
guidelines for HER2 testing by fluorescence in situ
hybridization (FISH) currently classify HER2
amplification into five groups®?, and FISH results must
be interpreted in conjunction with immunohisto-
chemistry (IHC) results!® Determination of HER2
amplification status using the FISH technique can
significantly reduce the number of equivocal results
and increase the number of truly negative HER2
IHC results.

In Thailand, many laboratories use immuno-
histochemistry (IHC) as the primary method for
assessing HER2 status, reserving fluorescence in
situ hybridization (FISH) to confirm equivocal cases
(IHC 2+) and HER2 IHC3+. As the US FDA-approved
method for determining HER2 amplification, FISH is
the gold standard and reference standard against
which emerging technologies are benchmarked. It
is also poised to remain the definitive method for
HER2 testing in low- and middle-income countries,
which carry a disproportionate burden of global
breast cancer cases! Furthermore, the Comptroller
General's Department of Thailand updated the
diagnostic criteria in November 2022. Thisamendment
omitted the requirement for FISH confirmation in
IHC 3+ cases, thereby accelerating patient access
to targeted anti-HER2 regimens.

The findings of this study reinforce the diagnostic
reliability of Immunohistochemistry (IHC) in
identifying HER2-positive breast cancer. Per the

consensus guidelines provided by ASCO/CAP and
the College of American Pathologists (CAP), and the
Rovyal College of Pathologists in the United Kingdom,
we defined a HER2 IHC 3+ result as intense, complete
membrane staining in more than 10% of tumor
cells. Given that the National Institute for Health
and Care Excellence (NICE) guidelines recommend
a 2-week turnaround time for HER2 assessment,
streamlining the diagnostic workflow is essential to
prompt initiation of anti-HER2 therapies®®. The high
concordance between strong immunohistochemical
expression and gene amplification is well-documented.
Gordian-Arroyo et al demonstrated that 100% of
HER2 IHC 3+ cases were FISH-positive, with 97.8%
(134/137) exhibiting classic Group 1 amplification
(HER2/CEP17 ratio 22.0 and an average HER2 copy
number >4.0 signals/cell). Mirroring these findings,
98.6% (r0/71) of the IHC 3+ patients in our cohort
who underwent reflex FISH testing were categorized
as Group 1, while a negligible 14% (1/71) were categorized
as Group 3. This strong association was further
validated by a statistically significant Spearman’s
rank-order correlation of 0.639 (p < 0.05). The
representative IHC and FISH images shown in Figure.
2 provide a visual perspective of the relationship
between the IHC score and the FISH results. Our
findings are consistent with international evidence.
Prior concordance studies comparing dual-probe
ISH (FISH and DISH) and IHC 3+ results, based on
the 2018 and 2023 ASCO/CAP guidelines, are shown
in Table 5.

Collectively, these data suggest that an IHC 3+
designation serves as a sufficiently robust indicator
to justify immediate targeted therapy without the
need for routine gene amplification verification.
This aligns with findings by Thambamroong!, which
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suggested that routine reflex FISH testing for all
HER2 IHC-positive patients is unnecessary. Omitting

compulsory FISH confirmation for IHC 3+ cases

successfully reduces patient waiting times and

regimens.

alleviates financial burdens, while ensuring that
patients receive therapeutic benefits from anti-HER2

Figure 2. Representative immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH) images

(60xmagnification). (A). Case with a 2+HER2 IHC score (incomplete and heterogeneous membrane staining)

(B). HER2 non-amplification by FISH. (C) Case with a 3+HER2 IHC score (complete membrane staining that
is intense and detected in >10% of tumor cells. (D) HER2 amplification by FISH.

Table 5 Prior concordance studies comparing dual-probe ISH (FISH, SISH, and DISH) and IHC 3+ results,
based on the 2018 and 2023 ASCO/CAP guidelines.

No Author Sample | Concordance | Population | Methodology | ASCO/CAP

sizes rates guidelines.
1 Gordian-Arroyo et al. [8] 1350 100% American FISH 2018
2 Farshid et al. [20] 1815 93.4% Australia Silver ISH 2018
3 Li et al. [21] 2514 10.6% China FISH 2018
4 [ Thambamroong [19] 141 91.76%, Thai FISH 2018
5 | Current author 263 100% Thai FISH 2023
6 Lampenkhae et al. [22] 1,307 92% Thai DISH 2023
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Conclusion

Our study adds valuable evidence by providing
real-world confirmation and providing implemen-
tation evidence supporting the selective use of
reflex FISH testing primarily in HER2 equivocal (2+)
cases, together with previously published data
showing a high concordance rate between HER2
IHC 3+ results and HER2 amplification determined
by FISH according to the 2023 ASCO/CAP guidelines.
These findings have important implications for
clinical management and support previous evidence
suggesting that reflex FISH testing in patients with
HER2 IHC 3+ results may not be required and could
be omitted to streamline treatment.
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Abstract

Sepsis is a life-threatening medical emergency with high morbidity and mortality, particularly when
recognition and treatment are delayed. Disease progression may lead to septic shock and multiple organ
dysfunction, resulting in poor clinical outcomes and reduced quality of life. Survivors may experience physical
impairment, decreased functional ability, and greater dependence on others. The emergency department
(ED) is a key setting for the early identification and management of sepsis. As the first point of care, the ED

plays an important role in screening, diagnosis, and timely treatment. Emergency nurses are essential in recognizing
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early signs of sepsis, monitoring physiological changes, and supporting treatment in collaboration with
multidisciplinary healthcare teams.

Current evidence highlights the importance of initiating sepsis management within the first hour of
recognition, particularly in older adults, to improve survival and reduce complications. This article presents
evidence-based nursing approaches for the care of patients with sepsis in the emergency department. The
discussion includes patient assessment, recognition of physiological deterioration, physical examination
and screening tools, guideline-based interventions, monitoring for treatment-related complications, ongoing
evaluation, and patient safety considerations. These approaches aim to support emergency nurses in providing

timely, effective, and high-quality care while improving patient outcomes in emergency settings.

Keywords: Emergency Department, Evidence-Based Practice, Nursing Care, Sepsis
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®anN15UsLdiN Primary Survey
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Damage: A-HMOD) 2) asiunnsshs (Evidence-Based Intervention) Taumsifnananudulafinuazns™ Magnesium
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Usznalng

AdAgy: Aoy, anudulafngeluasss, ISBAR, wunflidaudame, Assdiduiy

Abstract

Hypertensive crisis in pregnancy is a critical obstetric emergency associated with a high risk of maternal
and fetal morbidity and mortality. This article aims to review the role of emergency nurses in the management
of pregnant women with this condition, based on clinical practice guidelines published within the past five
years, including those from the American College of Obstetricians and Gynecologists (ACOG), World Health
Organization (WHO), International Society for the Study of Hypertension in Pregnancy (ISSHP).

A review of current clinical practice guidelines indicates that the role of emergency nurses in managing
pregnant women with hypertensive crisis can be categorized into four key domains: 1) rapid assessment
and triage to identify severe hypertension and Acute Hypertension-Mediated Organ Damage (A-HMOD);
2) timely initiation of evidence-based treatment, including antihypertensive agents and magnesium sulfate;
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3) continuous clinical monitoring, particularly of vital signs, neurological status, and urine output; and

4) coordination of multidisciplinary care and handover using structured communication tools such as ISBAR.

Emergency nurses therefore play a crucial role in supporting time-sensitive care, which requires rapid,

accurate, and systematic responses to reduce treatment delays and enhance maternal and fetal safety. They

serve as a key mechanism in driving emergency response within the first 60 minutes, thereby improving the

quality and safety of healthcare delivery in the Thai context.

Keywords: Emergency department, Hypertensive Disorders in Pregnancy, ISBAR, Magnesium sulfate,

Preeclampsia
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Abstract

Hemodialysis is life-sustaining for end-stage renal disease patients; however, managing therapy in Thai

Buddhist monks is complex due to strict religious fasting and dietary constraints. This challenge is particularly

acute in elderly, frail monks with multiple comorbidities.

This narrative review synthesizes evidence on the impact of religious fasting on hemodialysis outcomes

and proposes tailored nursing management strategies. Findings indicate that fasting in this population can

exacerbate malnutrition, electrolyte imbalance, and hemodynamic instability.

Effective management requires a structured, culturally sensitive approach, including tailored nutritional

support, rigid electrolyte monitoring, medication adjustment, and care plans that honor monastic rules.

This review provides a comprehensive framework to support safe, holistic care in this unique population.

Keywords: Cultural competence, Hemodialysis, Nursing management, Religious intermittent fasting, Thai

Buddhist monks

Introduction

Fasting is a significant religious practice in
Buddhism, symbolizing self-discipline, mindful-
ness, and detachment from worldly desires! Thai
Buddhist monks observe a daily fasting pattern by
abstaining from eating after noon until dawn the
next day. For monks undergoing hemodialysis, this
spiritual observance introduces physiological and
management complexities that healthcare profes-
sionals must understand and address.*?

Chronic kidney disease (CKD) represents a

significant global health burden, with a worldwide
prevalence of approximately 13.4%.2 The incidence
is rising, particularly among older adults with co-
morbidities such as diabetes and hypertension.
In Thailand, CKD affects roughly 17.6% of the popu-
lation, impacting over eight million people, however,
nationwide epidemiological data specifically for
Buddhist monks remains unavailable* Despite this
data gap, existing evidence suggests a high burden of
non-communicable diseases (NCDs) within this group.

Studies indicate that the prevalence of metabolic
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syndrome among monks ranges from 13% to 20.8%,
and more than half have underlying conditions like
diabetes or hypertension.® These factors pointto a
potentially elevated risk for CKD and its associated
complications.

Patients undergoing hemodialysis are physio-
logically vulnerable to rapid fluctuations in fluid
and electrolyte balance, protein-energy wasting, and
intradialytic hypotension (IDH).¢° These vulnerabilities
stem from impaired renal function, significant fluid
shifts during ultrafiltration, and dysregulated meta-
bolic pathways. Such risks are further exacerbated
during fasting, as restricted nutritional intake and
altered fluid consumption patterns disrupt homeo-
stasis. Within this context, elderly monks represent a
particularly high-risk subgroup. Aging is characterized
by reduced physiological reserve, sarcopenia,
diminished cardiovascular responsiveness, and a
high prevalence of multimorbidity. Collectively, these
factors increase susceptibility to malnutrition, elec-
trolyte imbalances, and hemodynamic instability
during dialysis, especially under conditions of
prolonged fasting. Notably, while monks are permitted
to consume fluids during fasting periods, inadequate
or inappropriate intake, such as the consumption
of high-sugar or high-potassium beverages, may
contribute to dehydration or electrolyte disturbances.
From a clinical perspective, patients with ESRD and
multiple comorbidities are generally considered high-
risk for prolonged fasting.”'® However, in practice,
many monks continue to observe fasting due to
strong religious commitment.? Therefore, rather than
discouraging fasting entirely, healthcare providers
must adopt a culturally sensitive and risk-informed
approach to ensure patient safety while respecting
religious values.

Nurses play a critical role in balancing clinical
safety with respect for religious beliefs. They must
recognize the physiological impact of fasting on
dialysis outcomes, monitor changes in nutritional
and hemodynamic status, and provide individualized
guidance that aligns with both medical and monastic
principles. 12

This narrative review aims to synthesize current
evidence regarding the impact of religious intermittent

fasting on hemodialysis care and to propose practical

nursing management strategies tailored to
Thai Buddhist monks. A narrative review was
conducted using PubMed, Scopus, CINAHL, and Thai
Journals Online (ThaiJO). Search terms included

” ” i

“hemodialysis,” “chronic kidney disease,” “intermittent

» o«

fasting,” “religious fasting,” and “culturally sensitive
nursing care.” Articles published in English and Thai
between 2011 and 2024 were considered. Studies were
selected based on relevance to hemodialysis care,
fasting-related physiological and clinical outcomes,
and nursing or multidisciplinary management.
Eligible sources included clinical studies, systematic
reviews, guidelines, and context-relevant reports."**
Articles were excluded if they were unrelated to
dialysis care, lacked clinical applicability, or were
duplicates. The extracted evidence was narratively
synthesized into thematic domains to inform clinical
interpretation and practical nursing recommenda-
tions. These themes guided the organization of the
subsequent sections.

This narrative review identified four key thematic
domains: 1) physiological effects of intermittent
fasting, 2) clinical risks in hemodialysis patients, 3)
nursing management strategies, and 4) cultural and
ethical considerations. These themes guided the
organization and interpretation of the subsequent
sections and informed the development of practical

nursing recommendations.

Theme 1: Physiological Effects of Intermittent
Fasting
Religious Intermittent Fasting in Thai Buddhist
Monks

Thai Buddhist monks follow the Vinaya—the
monastic code of conduct—which prohibits eating
solid food after midday. During fasting, monks may
consume water, fruit juice, or herbal drinks in the
afternoon, depending on monastic interpretation
and health conditions. Fasting is not primarily for
asceticism but for maintaining mindfulness and
discipline.

From a physiological perspective, intermittent
fasting can influence glucose levels, hydration status,
and energy metabolism.* While healthy individuals
may tolerate fasting well, patients with chronic kidney

disease face additional risks. Reduced caloric intake
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and limited fluid consumption can contribute to
hypotension during dialysis, electrolyte disturbances,and
nutritional deficiencies*® In elderly patients, these
metabolic adaptations are further compounded by
age-related physiological decline, including sarco-
penia, impaired gluconeogenesis, and diminished
renal and cardiovascular reserves.’>'® Consequently,
older hemodialysis patients exhibit a heightened
susceptibility to hypoglycemia, metabolic dys-
regulation, and a protracted recovery from physio-
logical stress during fasting periods. Nurses must,
therefore, evaluateeachmonk’sphysical condition,
dialysis prescription, and fasting capability before any
adjustments are made.

Physiology of Intermittent Fasting and
Implications for Dialysis Patients

Intermittent fasting (IF) involves structured
periods of abstinence from food and, in some
traditions, fluids. For Thai Buddhist monks, this
typically entails consuming one or two meals
before midday, followed by a fast that lasts
until the subsequent dawn. This pattern triggers
significant metabolic shifts, including suppressed
insulin levels, accelerated lipolysis, and the
induction of ketogenesis. In patients undergoing
hemodialysis, these adaptations can become mal-
adaptive, as impaired renal function prevents
the precise regulation of fluid, electrolytes, and
acid-base homeostasis.

Fasting significantly disrupts fluid volume status.
Inadequate intake during the fasting window
may precipitate intravascular volume depletion
and subsequent intradialytic hypotension (IDH).
Conversely, compensatory over-consumption of
fluids before the fast begins may lead to interdialytic
weight gain and acute fluid overload. Furthermore,
altered dietary patterns and the misalignment of
medication timing, specifically phosphate binders
may contribute to electrolyte imbalances, such as
hyperkalemia and hyperphosphatemia.” In elderly
monks, the restricted protein window may further
exacerbate protein-energy wasting (PEW), particularly
when compounded by pre-existing comorbidities.

Metabolic Effects

During fasting, the body shifts from glucose use
to fat metabolism. Liver glycogen maintains blood
glucose initially, but with prolonged fasting, insulin
levels fall, glucagon rises, and lipolysis predominates,
producing ketone bodies for energy!™ In healthy
individuals, this may improve insulin sensitivity and
reduce oxidative stress. However, in hemodialysis
patients, reduced renal clearance can lead to
accumulation of ketones and metabolic acids,
increasing the risk of acid—based imbalance.”® Therefore,
even mild fasting requires monitoring of glucose,

electrolytes, and bicarbonate levels.

Fluid and Electrolyte Balance

Fluid management is central to dialysis care.
Fasting-related reduced fluid intake may worsen
dehydration, particularly in hot climates, leading to
intradialytic hypotension, cramps, or dizziness. &%
Conversely, excessive fluid intake before fasting
hours can cause excessive interdialytic weight gain
and pulmonary congestion. Altered meal timing may
also disturb electrolyte balance and medication
schedules. For example, delayed phosphate binder
intake may increase serum phosphate.” Regular
assessment of weight, blood pressure, and laboratory

values, coupled with patient education, is essential.

Cardiovascular and Hemodynamic Effects

Reduced plasma volume during fasting can
decrease venous return and cardiac output, increasing
the risk of hypotension during dialysis.#% In patients
with underlying cardiovascular disease, fasting-
related hemodynamic changes may contribute to
hemodynamic instability, including hypotension or
related symptoms. Although IF has been linked to
lower blood pressure and improved lipid profiles in
the general population®® its cardiovascular benefits in
dialysis patients remain unclear. Careful monitoring
and adjustment of ultrafiltration targets are
required.®?

These risks are magnified in the elderly due to
impaired autonomic regulation and diminished
vascular reactivity.'®® Age-related attenuation
of baroreceptor sensitivity increases the risk of

intradialytic hypotension (IDH) and postural insta-
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bility, particularly when exacerbated by reduced
fluid intake during fasting. Furthermore, decreased
vascular compliance, often seen in older patients
with chronic kidney disease, limits the body’s ability
to compensate for the rapid fluid shifts inherent in

the hemodialysis process.”

Nutritional and Glycemic Considerations

Restricted eating windows may reduce total
calorie and protein intake, exacerbating protein-
energy wasting is a common problem in dialysis
patients.®” Limited food offerings may further
increase this risk for monks. Nutrient-dense meals
rich in high-quality protein should be prioritized
before fasting begins, and supplements considered
when appropriate.” In diabetic patients, fasting
raises the risk of hypoglycemia or postprandial
hyperglycemia, necessitating individualized
glucose monitoring and medication adjustment.?®

Elderly patients are uniquely vulnerable to
protein-energy wasting (PEW) and sarcopenia,
a statedriven by suboptimal dietary intake,
anabolic resistance, and the inflammaging
characteristic of chronic inflammation.®*® For
these individuals, fasting may further accelerate
proteolysis and functionaldecline, precipitating
a cycle of increased morbidity and diminished

quality of life.

Overall Implications

Intermittent fasting presents both opportunities
and challenges for hemodialysis patients. While
potential metabolic benefits exist, risks of
dehydration, electrolyte imbalance, and malnutrition
are significant. For monks, fasting is a spiritual
obligation, requiring a culturally sensitive approach.
Comprehensive assessment, close monitoring, and
individualized care are essential to ensure safety

while respecting religious practice.’

Theme 2: Clinical Risks in Hemodialysis Patients
Clinical Challenges in Hemodialysis Management
during Fasting

Managing hemodialysis during fasting requires
attention to several interrelated factors:
1 Fluid Balance and Dehydration

Monks who fast may have reduced fluid intake,
increasing the risk of dehydration. This can lead
to hypotension during dialysis or post-dialysis
fatigue 87 Accurate assessment of dry weight, inter-
dialytic weight gain, and urine output is essential.
2. Electrolyte and Nutritional Imbalance

Skipping meals may affect potassium, sodium,
and phosphate levels. Inadequate protein or calorie
intake can exacerbate malnutrition,common among
long-term dialysis patients.®”

3. Blood Pressure Regulation

Fasting and dialysis both affect hemodynamic
stability. Nurses must monitor pre- and post-dialysis
blood pressure closely and adjust ultrafiltration
targets as needed.®?

4. Medication Timing and Pharmacokinetics

Medication management for fasting monks on
hemodialysis must account for altered meal-to-dose
timing, polypharmacy, and dialysis-related drug
clearance. Many therapeutic agents particularly
water-soluble and low protein-bound drugs, such
as certain antibiotics are significantly removed
during the dialysis process, necessitating precise
dose adjustments or post-dialysis administration.?*

The monastic fasting schedule further
complicates the administration of medications that
require a food bolus for absorption or to mitigate
gastric irritation. In elderly monks, age-related
pharmacokinetic alterations including reduced
hepatic metabolism and altered volume of
distribution coupled with polypharmacy, heighten
the risk of drug accumulation and adverse drug-
drug interactions.??? Consequently, individualized
regimens and robust interprofessional coordination
between physicians, pharmacists, and nursing staff
are essential to maintain therapeutic efficacy.?
Patient education, culturally adapted to the
monastic lifestyle, is critical to ensuring medication
adherence and preventing complications during
fasting periods.”

5. Fatigue and Weakness

Fasting may be associated with fatigue or
dizziness, which may overlap with dialysis-related
complications™ Nurses should distinguish between
fasting-related symptoms and dialysis-related

events through careful assessment.
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Theme 3: Nursing Management Strategies
Nursing Management and Clinical Challenges

The management of hemodialysis for fasting
Buddhist monks represents an integration of
clinical care and spiritual practice. To provide truly
holistic care, nurses must serve as a bridge between
evidence-based protocols and the unique socio-
cultural requirements of the Sangha. Through
individualized risk stratification, vigilant physio-
logical monitoring, and culturally congruent
communication, it is possible to facilitate safe religious
fasting without compromising clinical outcomes. This
approach not only ensures patient safety but also
respects the autonomy and spiritual integrity of the
monk, fostering a stronger therapeutic alliance."**?

This approach aligns with Thailand’s cultural
context, where religion and healthcare are deeply
interconnected. Promoting cultural competence
among nurses not only enhances patient satisfaction
but also strengthens the ethical foundation of care
for special populations such as monks.

Effective nursing care requires integrating
clinical knowledge with respect for monastic
values. Key management strategies include:

1 Pre-Fasting Assessment

Before fasting periods, nurses should assess the
monk’s overall health, dialysis adequacy, nutritional
status, and risk factors.®® Collaboration with the
nephrology team helps determine whether fasting
is medically advisable.”

2. Individualized Care Planning

Care plans should be tailored to each monk’s
fasting practice, dialysis schedule, and comorbid
conditions. When possible, dialysis sessions can be
scheduled in the morning to minimize fatigue from
prolonged fasting.?

3. Fluid and Dietary Adjustments

Nurses should guide monks on the appropriate
volume and timing of fluid intake before noon.
Encouraging nutrient-dense morning meals helps
maintain energy throughout the day.®"

4. Medication Coordination

Adjustments in medication timing should be
made with physician approval?. Nurses should educate
monks about medication adherence and possible

side effects during fasting.”?

5. Monitoring and Documentation

Continuous monitoring of vital signs, weight,
and laboratory values is crucial. Any abnormal
findings should be reported promptly and recorded
systematically to ensure consistent follow-up.8*
6. Communication and Respect

Nurses should use polite, compassionate com-
munication, addressing monks with proper respect
according to Thai cultural norms. Any discussions
regarding health decisions should be handled with
sensitivity to monastic hierarchy and beliefs*!?
7. Geriatric Considerations for Monastic Populations

Nursing interventions for elderly monks under-
going hemodialysis during fasting must incorporate
multidimensional geriatric assessments, including
frailty screening, functional status evaluation, and
rigorous fall risk stratification.’®' Individualized
care plans should address diminished physiological
reserve (homeostenosis), heightened sensitivity to
rapid fluid shifts, and an elevated risk of protein-
energy wasting. Proactive monitoring and early
clinical intervention are paramount to mitigating
adverse outcomes, such as syncopal episodes or

electrolyte crises in this highly vulnerable population.

Nutritional Assessment Tools

Malnutrition and protein-energy wasting (PEW)
are pervasive complications in hemodialysis
patients, particularly among the elderly with significant
comorbidities®’ These risks are further compounded
by religious fasting; therefore, a systematic and tiered
nutritional assessment is vital for early detection
and longitudinal monitoring.

While specific nutritional tools were not the
primary focus of this review, their inclusion is justified
by their high clinical relevance and validation within
Thai cohorts. Validated instruments (Table 1), such as
the Malnutrition-Inflammation Score (MIS), Nutrition
Alert Form (NAF), and NT-2013, are recommended.
The NAF is highly suitable for routine application in
Thai clinical settings due to its high feasibility and
contextual alignment with local dietary patterns.?
In daily clinical practice, the Nutrition Alert Form
(NAF) may be considered as the first-line screening
tool given its simplicity and ease of integration into

standard nursing workflows. It is ideal for frequent
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monitoring (e.g., weekly or monthly) to identify at-
risk patients before clinical deterioration occurs.?
For patients stratified as high-risk, a more granular
evaluation using the Subjective Global Assessment
(SGA) or the Malnutrition-Inflammation Score (MIS)
is warranted. The SGA provides a validated clinical
judgment of nutritional status, while the MIS offers
a comprehensive, quantitative analysis, specifically
beneficial for elderly patients where underlying
inflammation contributes to wasting. It should be
noted that both tools require specialized training
and more extensive clinical time. Additionally, the
NT-2013 may serve as an initial screen in acute
or inpatient settings due to its high sensitivity;
however, its lower specificity may lead to an over-
estimation of malnutrition risk. Consequently, the
NAF remains the preferred instrument for routine
screening, while the SGA and MIS are best reserved
for confirmatory diagnosis and guiding intensive

clinical interventions.”?*

Theme 4: Cultural and Ethical Considerations
Ethical and Cultural Considerations

Providing nursing care to Buddhist monks
requires deep cultural awareness. Respecting the
monk’s autonomy and religious commitment is
essential, even when medical advice may suggest
modifying or discontinuing fasting.

Ethical practice involves shared decision-
making, where nurses, physicians, and monks
collaboratively determine safe fasting plans.
Cultural competence also includes understanding
the monastic environment—temple settings, food
offerings (alms), and reliance on lay supporters—
which influence dietary and health behaviors.?®

Nurses must uphold both professional ethics
and religious respect, ensuring that patient safety
is prioritized without violating spiritual values.

Practical Guidance and Recommendations
To ensure safe, respectful, and evidence-
based dialysis care for fasting Buddhist monks, the
following clinical guidelines are recommended:
1. Comprehensive Nutritional Assessment
Given the high prevalence of protein—energy

wasting (PEW) and sarcopenia in elderly monks, a

multidimensional assessment is recommended”:

Anthropometry:Monitor Body Mass Index (BMI),
mid-arm muscle circumference (MAMC), and skinfold
thickness to track muscle mass depletion.5”

Biochemical Profiling: Regular evaluation of
serum albumin, prealbumin, blood urea nitrogen
(BUN), and creatinine to assess visceral protein
stores and dialysis adequacy.

Dietary Evaluation: Use 24-hour recalls specifi-
cally focused on the “pre-noon” window to ensure
protein targets (typically 1.2 g/kg/day) are met.

2. Targeted Dietary and Fasting Management

While monks fast from midday to dawn, fluid
intake (“Nam Pana”) is generally permitted.

Nutritional Density: Nurses should emphasize
a “nutrient-dense” morning window, focusing on
high-quality protein while strictly managing potassium
and sodium.

Geriatric Focus: For elderly monks, address
anabolic resistance by encouraging protein intake
immediately following dialysis sessions when feasible
within monastic rules.6*®

3. Optimized Hemodialysis Scheduling

Schedules should be individualized to minimize
physiological stress.

Timing: Afternoon or early evening sessions may
be preferable. This allows the monk to complete
morning alms (Pindapata) and their meal before
treatment, reducing the risk of fasting-induced
hypoglycemia or exhaustion during the session.!*2

4. Vigilant Clinical Monitoring

Hemodynamics: Frequent monitoring of blood
pressure and fluid status is vital. Elderly monks have
diminished baroreceptor sensitivity, making them
prone to sudden intradialytic hypotension (IDH).8*

Electrolyte Surveillance: Proactive monitoring
of potassium and phosphate is essential, as
concentrated meal patterns can lead to fluctuations
in these levels.”©

5. Strategic Medication Management

Dosing Alignment: Adjust medication timing to
ensure drugs requiring food are taken during the
morning window.?

Dialysis Clearance:Pay close attention to water-
soluble medications (e.g., certain antibiotics and

antihypertensives). Ensure post-dialysis admin-
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istration to prevent subtherapeutic drug levels.

6. Culturally Congruent Care

Vinaya Adherence: Nursing care must respect
monastic discipline, including appropriate physical
distance, gender-sensitive care, and quiet environ-
ments for meditation or chanting.

Spiritual Autonomy: Acknowledge the monk’s
spiritual goals as a primary motivator, using this to
build a therapeutic alliance.

7. Peridialytic Nursing Protocols

Pre-dialysis: Screen for frailty and assess fluid
intake from the previous evening’s “Nam Pana.”

Intradialytic:Maintain a calm environment con-
ducive to spiritual practice; monitor for early signs
of cramping or dizziness.

Post-dialysis: Perform orthostatic vital sign
checks (sitting vs. standing) before discharge to
prevent falls, as fasting increases the risk of postural
instability.

8. Education and Interdisciplinary Collaboration

Caregiver Engagement:Provide tailored educa-
tion to the monKk’s lay assistants (Luk Sit) or younger
monks regarding medication timing and “renal-
safe” allowable drinks.

Team Synergy. Foster active communication
between nephrologists, renal dietitians, and nurses
to adjust care plans dynamically based on the

monk’s nutritional and spiritual needs.”

Research Gaps and Future Directions

Despite its clinical and cultural importance,
research on religious fasting among Thai Buddhist
monks receiving hemodialysis is limited. Most
existing evidence is derived from studies in Muslim
or Christian populations during Ramadan or Lent.
These findings cannot be directly applied to
Buddhist monastic contexts because fasting
patterns, dietary practices, and cultural values
differ substantially.

Limited Empirical Data

There is a notable lack of systematic research
specifically involving Thai Buddhist monks on hemo-
dialysis. Current knowledge largely depends on
anecdotal reports or single-center experiences. As

a result, the physiological impacts of intermittent

fasting on fluid balance, metabolic control, and
dialysis adequacy remain poorly defined. Prospective
or cohort studies comparing fasting and non-fasting

monks are needed to generate robust clinical evidence.

Gaps in Nursing Evidence and Assessment Tools

Many nursing recommendations for fasting
monks are based on expert opinion rather than
validated research. Studies are required to evaluate
the effectiveness of interventions such as pre-fasting
counseling, individualized fluid management, and
flexible dialysis scheduling. In addition, existing
nutritional and clinical assessment tools may not
adequately reflect monastic lifestyles or reliance
on alms. Developing culturally adapted assessment

instruments is an important research priority.

Interdisciplinary, Educational, and Policy Needs

Collaboration between healthcare professionals,
Buddhist scholars, and temple communities is limited
but essential for holistic care. Nursing education and
hospital policies in Thailand rarely address monastic
patients specifically. Future research should explore
culturally sensitive curricula, supportive policies,
and innovative approaches—such as longitudinal
monitoring and qualitative studies—to improve
care quality.

Addressing these gaps will strengthen evidence-
based, culturally respectful dialysis nursing care
for monks and offer insights applicable to other

religious patient populations worldwide”?,

Conclusion

Religious intermittent fasting among Thai
Buddhist monks represents a profound inter-
section of spiritual discipline and clinical complexity,
particularly for those dependent on hemodialysis.
This narrative review has synthesized current
evidence to delineate the physiological vulnerabi-
lities, unique clinical challenges, and sociocultural
nuances inherent in managing this population.

Our findings underscore that high-quality renal
care for monks must be culturally congruent, highly
individualized, and evidence informed. The integra-
tion of structured risk stratification, Thai-validated

nutritional screening tools (such as the NAF), and
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flexible treatment scheduling is essential to uphold
patient safety without infringing upon monastic vows.
From a nursing perspective, clinical competence
alone is insufficient; practitioners must possess
a deep-seated understanding of the religious
context and the core values that drive the patient’s
adherence to fasting.

This review offers actionable nursing recom-
mendations designed to bridge the gap between
abstract evidence and the real-world complexities
of the Thai healthcare system. By adopting this
integrated framework, nurses can deliver holistic,
patient-centered care that aligns rigorous medical
standards with the spiritual aspirations of the monk.

Ultimately, the nursing management of Thai
Buddhist monks during religious fasting must strike
a delicate balance between clinical vigilance and
cultural reverence. Such an approach is paramount to
achieving optimal health outcomes while preserving
the dignity and religious integrity of this venerable

patient population.

Case study

AT70-year-old Thai Buddhist monk with End-Stage
Renal Disease (ESRD) secondary to Diabetes Mellitus
has been receiving maintenance hemodialysis three
times weekly. The patient strictly adheres to monastic
fasting, consuming all nutrition before midday and
relying solely on the morning alms round (Pindapata)
for his dietary intake. He presented with recurrent
intradialytic hypotension (IDH), chronic fatigue, and
persistent hypoalbuminemia.

Nursing Assessment

Clinical assessment revealed a deficit in nutri-
tional literacy regarding the protein and caloric
density required for dialysis patients. Because
alms-derived foods are unpredictable and
nutritionally unrefined, the patient suffered from
inadequate protein-energy intake, irregular fluid
distribution, and suboptimal medication-to-meal
timing. Utilizing the Nutrition Alert Form (NAF), the
patient was classified as high risk for malnutrition
(NAF score = 9/15).
Multidisciplinary Interventions

An individualized care plan was implemented,

bridging clinical requirements with monastic
discipline:

Nutritional Strategy: Nurses provided practical
guidance on selecting high-biological-value proteins
(e.g, egg whites, fish, tofu) from alms bowls to maxi-
mize intake within the restricted eating window.

Fluid & Electrolyte Management: Education
was provided on “renal-safe” Nam Pana (allowable
beverages) to maintain hydration and prevent
intravascular volume depletion without triggering
hyperkalemia.

Pharmacological Re-alignment: Medication
schedules were adjusted to ensure that phosphate
binders and oral hypoglycemics were synchronized
with the pre-noon meal.

Treatment Optimization: Hemodialysis sessions
were rescheduled to the afternoon to allow for the
completion of morning religious duties and meal
consumption, thereby reducing treatment-induced
exhaustion.

Outcomes and Clinical Significance

Following these targeted interventions, the
patient demonstrated enhanced hemodynamic
stability and improved biochemical markers of
nutrition. This case underscores the necessity of
integrating rigorous clinical assessment with culturally
congruent nursing interventions to ensure the safety
and spiritual integrity of elderly monks undergoing

hemodialysis.
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Table 1. Practical Nutritional Assessment Tools for Hemodialysis Patients

Tool Key Clinical When Score for Strengths  Limitations
Components Use to Use Diagnosis
NAF Weight change, Screening Routine > 6 indicates  Simple, Moderate
(Nutrition dietary intake, (weekly/ malnutrition feasible in sensitivity
Alert Form) gastrointestinal monthly) risk Thai settings
symptoms
SGA Clinical history  Assessment When Classified Validated, Requires
(Subjective and physical patientis  as A (well), widely used  trained
Global examination at risk B (moderate), personnel
Assessment) C (severe)
MIS SGA + labora- Compre- Elderly/ Higher score = Quantitative, Time-
(Malnu tory parame- hensive high-risk  worse nutri- detailed consuming
trition— ters (albumin, assessment ) .
Inflarmma- TIBO) patients tional status
tion Score) (0-30)
NT-2013 Dietary intake,  Screening Inpatient > 8 indicates  High Low
disea;e (acute care)  getting high risk sensitivity specificity
severity

Note: Nutritional assessment should be multidimensional, incorporating anthropometry (BMI, mid-arm muscle circum-

ference), biochemical markers (serum albumin, BUN), and dietary intake assessment, in accordance with CKD nutrition

guidelines.

NAF is recommended as the first-line screening tool in routine clinical practice in Thailand, while SGA and MIS are used

for confirmatory assessment and clinical decision-making.
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Abstract

Perioperative hypothermia, defined as a core body temperature below 36°C, remains a frequent and
preventable complication during anesthesia and surgery. It contributes to adverse outcomes, including
increased blood loss, wound infection, delayed anesthetic recovery, and prolonged hospital stay.

This review aims to summarize current evidence regarding active warming technologies—Forced-Air Warming,
Warming Mattress, and Intravenous Fluid Warmer—as evidence-based tools for preventing perioperative
hypothermia. However, limited evidence is available comparing commonly used warming technologies in
routine clinical anesthetic practice. Relevant clinical and experimental studies published over the past decade
were reviewed to assess device performance, thermal efficacy, safety, and cost-effectiveness.

Evidence consistently supports Forced-Air Warming as the most validated and effective method for
maintaining intraoperative normothermia, supported by multiple randomized controlled trials and meta-analyses.
Warming mattresses provide additional conductive heat but are less efficient when used alone; their
effectiveness improves when integrated into multimodal warming protocols. Intravenous fluid warmers are
particularly valuable in surgeries involving large-volume fluid administration, minimizing heat loss through
cold infusions. Despite strong validation, limitations remain, including variations in device design, incomplete
standardization of testing methods, and potential safety concerns related to misuse or infection risk.

In clinical practice, selection of warming strategies should consider patient risk factors, surgical duration,
and expected fluid administration. Future research should focus on standardizing protocols, optimizing
integration with perioperative temperature monitoring systems, and exploring emerging technologies for
precise thermal control.

Keywords: Forced-air warming, Intravenous fluid warmer, Perioperative hypothermia, Temperature management,
Warming mattress

Introduction preventable complication during surgery! It primarily
Perioperative hypothermia, defined as a core results from anesthesia-induced impairment of
body temperature below 36°C, is a common yet thermoregulation combined with exposure to a cool
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operating room environment. Both general and
regional anesthesia cause redistribution of heat
from the core to the periphery, leading to a rapid
decrease in core temperature, particularly within
the first hour of anesthesia induction. Without active
temperature management, patients remain at high
risk of unintended hypothermia and its associated
complications.”®

The adverse effects of perioperative hypothermia
are well established. Even mild hypothermia
can impair coagulation, increase blood loss and
transfusion requirements, suppress immune
function, and raise the risk of surgical site
infections.3*Additionally, hypothermia delays drug
metabolism, prolongs anesthetic recovery, and
causes post-operative shivering and discomfort.®
These consequences often extend post-anesthesia
care unit stays and increase overall healthcare
costs, making perioperative normothermia a
critical quality indicator in modern practice.®”

Relevant studies published within the past 10
years were identified through literature search in
major medical databases. To reduce these risks,
active warming technologies such as Forced-Air
Warming (FAW) systems, Warming Mattresses (WM),
and Intravenous Fluid Warmers (IVFW) are widely
used. FAW devices provide convective warming,
warming mattresses deliver conductive heat, and
IVFW systems prevent heat loss from infused fluids.
Each modality contributes uniquely to maintaining
thermal balance.

Although several clinical guidelines and
systematic reviews have addressed the prevention
of perioperative hypothermia, most recommen-
dations focus on general temperature management
rather than direct comparison of commonly used
active warming technologies in routine anesthetic
practice.”® In addition, the optimal selection of
single versus combined warming techniques in
different surgical conditions remains unclear.
Therefore, this narrative review aims to summarize
current evidence on active warming technologies,
including forced-air warming, warming mattresses,
and intravenous fluid warmers, for prevention of
perioperative hypothermia in patients undergoing

anesthesia. This review focuses on clinical

effectiveness, safety, and cost-effectiveness of
each technique and discusses the role of single
and combined warming strategies in different

surgical settings.

Mechanisms and Principles of Active Warming
Technologies (Table 1)

Maintaining perioperative normothermia
requires effective temperature management
strategies to counteract multiple mechanisms
of heat loss, including radiation, convection,
conduction, and evaporation.®>® Among these,
redistribution of core heat to peripheral tissues
following anesthesia induction is the most
significant contributor, often causing a core
temperature decrease of 1 - 1.5°C within the first
hour. Active warming technologies aim to reduce
this thermal gradient by providing external heat
or preventing internal heat loss from unwarmed
infusions. The three most validated systems—
Forced-Air Warming (FAW), Warming Mattresses
(WM), and Intravenous Fluid Warmers (IVFW)—
operate on distinct thermodynamic principles,

each offering specific advantages and limitations.*&*

Forced-Air Warming (FAW) is the most widely
used and extensively validated perioperative
warming method. It functions through convective
heat transfer, circulating warmed air (typically
37 - 43°C) over the patient’s skin via a disposable
perforated blanket connected to a heater/blower
unit*°The warm air layer formed adjacent to the skin
enhances heat transfer while reducing convective
and radiative heat loss. FAW blankets are available
in various configurations, allowing flexibility across
surgical positions and procedures.*®° Numerous
studies demonstrate FAW’s effectiveness in
maintaining core temperature across diverse
surgical populations. When properly used, FAW
provides uniform heating with a low risk of
thermal injury, although concerns regarding
operating room air contamination persist, with
inconclusive evidence of increased infection

ris k.lo‘lO,lB
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Warming Mattresses (WM) provide conductive
heat through direct contact between the patient
and a heated surface, typically integrated into the
operating table. These systems use electrically
heated or water-circulating pads regulated by
thermostats to maintain safe temperatures, usually
between 37 - 42°C. The effectiveness of WM depends
on contact surface area, patient positioning, and
skin perfusion.*®° As only posterior body surfaces
are warmed, conductive heating alone is often
insufficient for total-body temperature maintenance.
However, WM enhance thermal comfort and are
valuable as part of a multimodal warming strategy.“®
Advantages include silent operation and elimination
of air circulation, reducing contamination concerns.
Modern systems incorporate safety features to
minimize the risk of thermal injury.

Intravenous Fluid Warmers (IVFW) target
heat loss caused by the infusion of large volumes
of unwarmed fluids or blood products. Each liter
of room-temperature fluid can significantly lower
core body temperature. 8! [VFW systems use
counter-current heat exchange to warm fluids to
near-physiological temperatures before infusion.
Their performance depends on flow rate, line
length, and device capacity." IVFW devices are
particularly beneficial during major surgery, trauma
resuscitation, and procedures involving high-
volume fluid replacement. While they are not
standalone warming solutions, IVFW systems play
a crucial complementary role when combined
with FAW and conductive warming methods

to maintain perioperative normothermia.”®

Validation Studies and Evidence of Effectiveness

This section synthesizes evidence from
bench testing, randomized controlled trials (RCTs),
systematic reviews, and clinical guidelines validating
the performance and effectiveness of Forced-Air
Warming (FAW), Warming Mattresses (WM), and
Intravenous Fluid Warmers (IVFW) in preventing

perioperative hypothermia.

Forced-Air Warming (FAW) is the most
extensively validated modality. Bench studies
confirm accurate heater performance, stable
temperature delivery, and uniform airflow across
blanket designs, supporting consistent clinical
performance.**? Numerous RCTs demonstrate
that FAW—particularly when used for pre-warming
and intraoperative maintenance—significantly
reduces the incidence and severity of perioperative
hypothermia compared with passive insulation 0%
Across a wide range of surgical populations, FAW
is associated with higher intraoperative core
temperatures, reduced post-operative shivering,
and shorter post-anesthesia care unit stays.'
Head-to-head trials generally show FAW to be
at least non-inferior, and often superior, to
other active warming systems when applied
appropriately.”* Systematic reviews and
international guidelines endorse FAW as an
evidence-based standard of care.”® Although
concerns regarding operating room airflow
disruption and contamination persist, current
guideline assessments find insufficient clinical
evidence linking FAW to increased surgical site
infections when proper infection-control measures
are followed.

Warming Mattresses (WM) provide conductive
heating and are validated through bench testing
for surface temperature uniformity and thermostat
responsiveness. Clinical studies show that WM
improve skin and peripheral temperatures
and reduce heat loss compared with passive
insulation.’o* However, when used alone, they are
generally less effective than whole-body FAW in
maintaining core temperature, particularly
during procedures with large exposed surgical
fields. Evidence consistently supports WM as
part of a multimodal warming strategy rather
than a standalone solution. Advantages include
silent operation and elimination of forced air,
while limitations relate to restricted contact
area and positional dependence.f® Recent design
improvements have enhanced their performance

in selected populations
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Intravenous Fluid Warmers (IVFW) are
validated for effective heat transfer across clinically
relevant flow rates and are particularly important
during large-volume fluid or blood administration.®t
RCTs and systematic reviews demonstrate that
IVEW reduce infusion-related heat loss and
postoperative shivering, with greatest benefit in
trauma and major surgery. However, IVFW are
adjunctive devices and cannot fully counteract

anesthesia-related heat redistribution alone.

Clinical Implementation of Active Warming
Strategies

Selection of warming techniques should be
based on patient risk factors, surgical duration,
and expected fluid administration. Forced-air
warming alone may be sufficient in short or low-risk
procedures. Combined warming techniques
should be considered in prolonged surgery, major
procedures, or cases requiring large-volume
infusion. Intravenous fluid warmers help prevent
heat loss from cold infusions, while warming
mattresses may be useful when forced-air
warming is limited. In clinical practice, the choice
of warming method should consider efficacy,
safety, and cost-effectiveness.?”

Comparative Effectiveness and Multimodal
Warming Strategies

Comparative analyses indicate that whole-
body FAW ranks among the most effective single
modalities, while multimodal strategies—combining
pre-warming, intraoperative surface warming, and
warmed fluids—consistently provide superior
temperature control.” Study heterogeneity and
lack of standardized validation protocols remain
limitations, underscoring the need for harmonized
testing and continued safety surveillance>1718

Perioperative temperature management is
most effective when warming devices are selected
and combined according to their mechanisms
of heat delivery, timing of use, and patient- and
procedure-specific risk? Comparative evidence
supports the use of both single-modality and multi-
modal strategies, with growing emphasis on early

initiation and maximal body-surface coverage.”®%*

Single-modality effectiveness.

Across randomized controlled trials (RCTs) and
meta-analyses, Forced-Air Warming (FAW) consistently
demonstrates superior maintenance of
intraoperative core temperature and lower rates of
postoperative hypothermia compared with passive
insulation.®82% FAW rapidly restores peripheral
heat content and mitigates redistribution
hypothermia following anesthesia induction.”8%
Consequently, major guidelines recommend
active warming, particularly FAW, for most adult
surgical patients at risk. Conductive warming
systems effectively increase skin temperature
in contact areas but are generally less effective
than whole-body FAW when used alone due
to limited coverage.®? Newer underbody and
large-surface conductive designs have improved
performance in selected procedures. Intravenous
Fluid Warmers (IVFW) effectively prevent infusion-
related heat loss during large-volume or rapid fluid
administration but do not address redistribution
hypothermia and should be viewed as adjuncts
rather than standalone solutions.®"

Variations within FAW. Blanket configuration
influences effectiveness depending on surgical
exposure and positioning. Upper- and lower-body
FAW blankets provide comparable core-temperature
maintenance when appropriately matched to the
surgical field.? Underbody FAW designs offer uniform
surface coverage and are particularly advantageous
when access to the torso or limbs is restricted.
Recent trials suggest similar performance between
underbody and overbody FAW when pre-warming
and appropriate settings are used, emphasizing
individualized blanket selection to maximize usable

surface area without compromising sterility.

Comparative and network analyses.

Head-to-head and network meta-analyses
consistently rank whole-body FAW and large-area
warming systems among the most effective single
modalities. Some newer resistive or circulating-water
systems achieve comparable results under optimized
conditions. Variability across studies largely reflects

differences in pre-warming practices, device settings,
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and temperature measurement methods.?° Overall,
earlier initiation and greater surface coverage

emerge as key determinants of effectiveness.

Evidence for multimodal strategies.

Combining interventions yields the most reliable
thermal control. Pre-warming for15-30 minutes before
anesthesia significantly reduces redistribution
hypothermia and, when combined with intraoperative
FAW, results in higher core temperatures than intra-
operative warming alone.”®® Adding IVFW to surface
warming provides further benefit in procedures
involving significant fluid or blood administration,
reducing both core temperature decline and post-
operative shivering. Institutional bundled protocols
incorporating pre-warming, intraoperative surface
warming, warmed fluids when indicated, and routine
temperature monitoring consistently improve

normothermia at PACU arrival.

Tailoring and implementation.

Device selection should account for surgical
exposure, anesthetic technique, patient risk
factors, and positioning constraints. Elderly, low-BMI,
or high-risk patients benefit most from multimodal
approaches. Effective implementation requires
timely initiation, continuous core-temperature
monitoring, adherence to safety guidelines, and
standardized institutional protocols. Although
multimodal strategies incur higher upfront
costs, evidence suggests downstream savings
through reduced complications, shorter recovery

times, and improved patient outcomes.?®

Safety, Limitations, and Device-Validation
Challenges

Perioperative warming devices are effective
but not without risk. Comprehensive validation
must therefore address patient safety, infection
concerns, practical limitations, and methodological
challenges that complicate device comparison and
generalizability. Understanding these issues is
essential for safe implementation and evidence-
based selection.

Patient safety risks. Thermal injury is the
primary direct hazard associated with surface
warming devices. Burns may occur due to
malfunctioning thermostats, prolonged focal
heat exposure, impaired thermoregulation, or
occlusion of temperature sensors, particularly in
patients with poor perfusion or neuropathy.!”?°
Modern devices incorporate alarms and
temperature cutoffs, yet careful monitoring
remains essential, especially when warming
beneath dressings or monitoring equipment.
Intravenous fluid and blood warmers introduce
additional risks: overheating may damage fluids
or cause hemolysis, while inadequate warming
fails to prevent heat loss. Regulatory guidance
emphasizes the use of approved devices and
adherence to manufacturer-specified flow rates
and indications. Electrical and fire risks also
exist, underscoring the importance of regular
maintenance and biomedical engineering oversight.

Infection and airflow concerns. Forced-Air
Warming (FAW) has generated debate regarding
potential disruption of operating room airflow and
theoretical contamination. While bench studies
and observational reports raise concern, systematic
reviews and guideline panels have not identified
convincing clinical evidence linking FAW to increased
surgical site infection rates. Current recommenda-
tions support continued FAW use alongside strict
aseptic technique, appropriate blanket placement,
and well-maintained ventilation systems, while

encouraging ongoing surveillance.

Practical limitations. The effectiveness of
surface warming is constrained by surgical exposure
requirements, as uncovered areas limit heat transfer.
Device choice must align with patient positioning
and operative access.*? Additionally, surface warming
relies on adequate peripheral perfusion; hypo-
volemia, vasoconstriction, or low cardiac output may
blunt central heat transfer, necessitating adjunctive
measures such as pre-warming or warmed infusions.
Operational factors—including preoperative time,
staffing, costs, and disposable use—also influence

feasibility and sustainability.
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Validation challenges. Bench testing evaluates
parameters such as heater accuracy and
temperature stability under controlled conditions
that may not reflect clinical realities. Furthermore,
studies vary widely in temperature measurement
sites, definitions of hypothermia, timing of
assessment, and use of co-interventions, limiting
comparability>® Device-specific design differences
further complicate interpretation. Regulatory approval
pathways focus on safety and equivalence rather
than comparative clinical effectiveness, making
independent trials and post-market surveillance

crucial.

Mitigation strategies and future directions.

Best practice includes strict adherence to
manufacturer guidance, routine equipment
maintenance, and standardized monitoring of core
temperature Multimodal, protocol-driven warming
bundles reduce reliance on single devices and
improve reliability.? Future research should prioritize
harmonized validation protocols linking bench
performance to clinical endpoints, large pragmatic
trials, robust surveillance systems, and consideration
of environmental and cost-effectiveness impacts to
guide sustainable perioperative warming strategies.

Practical Implementation and Cost-Effectiveness
This section translates evidence into operational
guidance for perioperative teams and summarizes
economic considerations when selecting and
implementing active warming technologies.

A. Practical implementation

Preoperative screening and pre-warming.

All surgical patients should be risk stratified on
arrival based on procedure type, expected duration,
anticipated fluid or blood loss, baseline temperature,
age, body mass index, and thermoregulatory
impairment. Patients at moderate to high risk should
be prioritized for active warming bundles!® When
feasible, pre-warming with forced-air or resistive
systems for 15 - 30 minutes before induction
increases peripheral heat content and attenuates
redistribution hypothermia. Start and stop times

should be documented.

Intraoperative device selection and timing.

Surface warming should be initiated at induction
and continued intraoperatively until normothermia
is achieved.’® Forced-air warming (FAW) remains
the preferred backbone strategy due to its strong
evidence base!® Blanket configuration (upper, lower,
or underbody) should maximize covered surface
area without interfering with the sterile field.*
Intravenous fluid and blood warmers should be
added when large or rapid infusions are anticipated,
and conductive or underbody systems may be used
when FAW access is limited.”™® Multimodal strategies
(pre-warming + FAW + |V fluid warming) are consistently
most effective. Device temperatures and flow rates

must follow manufacturer recommendations.”

Temperature monitoring and recovery.

Core temperature should be monitored using
reliable sites (e.g., esophageal, nasopharyngeal, or
bladder) and recorded at baseline and regular
intraoperative intervals.’” Protocols should specify
escalation thresholds (e.g., <36°C). Active warming
should continue into the post-anesthesia care unit
until the patient maintains normothermia and is

comfortable, with clear handover documentation.

Safety, infection control, and training.

Routine device maintenance, alarm recognition,
and proper use of disposables reduce thermal
and electrical risks.?® Current evidence does not
mandate discontinuation of FAW for infection
concerns; appropriate device use, intact disposables,
and ongoing surgical site infection surveillance
are recommended. Staff competency training and
integration of warming steps into perioperative

checklists improve compliance and outcomes.

B. Cost-effectiveness and procurement

Costs and savings. Direct costs include capital
equipment, disposables, and maintenance, while
operational costs relate to staff time and energy
use. These are often offset by indirect savings from
reduced transfusions, fewer wound complications,
shorter recovery times, and decreased length of

stay.?38
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Economic evidence and procurement.

Economic models consistently show FAW—often
combined with warmed fluids—to be cost-effective
forintermediate and major surgeries. The magnitude
of benefit depends on baseline hypothermia
rates, case mix, and staffing costs. Institutions are
encouraged to perform local cost modeling and
align procurement with surgical volume, transfusion
risk, and sustainability considerations, favoring
bundled and protocolized warming strategies to
maximize clinical and economic benefit."1518

Future Perspectives

Advances in perioperative thermal management
have reduced the incidence of inadvertent
hypothermia, yet important opportunities remain
to improve effectiveness, safety, personalization,
sustainability, and evidence standards. Future
progress will require coordinated innovation across
technology, research, regulation, and health systems.

Smart, closed-loop warming system
represent a key technological frontier.

Unlike current open-loop devices, closed-loop
platforms could automatically adjust heat delivery
using continuous core-temperature feedback.
Integration with reliable monitoring and adaptive
control algorithms may enable tighter temperature
control, reduce thermal overshoot, and trigger
alerts when heat transfer is insufficient®" Future
research should focus on validating controller
safety, robustness across patient populations,

and superiority for clinically meaningful outcomes.

Personalization and predictive analytics
offer opportunities to tailor warming strategies to
individual risk. Predictive models incorporating
patient characteristics, procedural factors, and
intraoperative trends could guide the timing of
pre-warming, device selection, and temperature
targets. Machine-learning approaches using large
perioperative datasets may optimize resource
allocation and improve outcomes, particularly
where pre-warming capacity is limited.?®

Device miniaturization and novel modalities
are expanding warming options beyond the
operating room. Wearable or low-profile systems
may enhance preoperative, postoperative, and
transport warming, while hybrid resistive—convective
technologies could improve responsiveness and
coverage. Validation must emphasize comfort,
mobility, and safety alongside efficacy.’

Standardized validation protocols remain
a critical gap. Harmonized bench tests linked
to core clinical outcomes—such as defined
temperature thresholds, shivering, transfusion
needs, and infection rates—would improve device
comparison and procurement decisions.?518
Consensus reporting standards detailing device
models, settings, and measurement methods are
essential.

Regulatory pathways and post-market
surveillance should increasingly emphasize
real-world performance. Comparative effectiveness
studies, clinical registries, and transparent reporting
of device testing and adverse events will strengthen

safety oversight and guide practice’

Sustainability considerations are increasingly
important. Development of reusable or recyclable
components, energy-efficient heaters, and life-cycle—
informed procurement can reduce environmental
and financial burdens without compromising patient
safety.2?°

Implementation science and equity must
accompany technological advances. Pragmatic,
multicenter trials of warming bundles, embedded
economic evaluations, and context-specific
adaptations are needed to ensure effective uptake
across diverse healthcare settings, including

low-resource environments.2"16

Conclusion

Perioperative hypothermia remains a common
and clinically important problem, contributing to
increased morbidity, delayed recovery, and patient

discomfort. Evidence from bench testing, randomized
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controlled trials, and systematic reviews consistently
shows that active warming technologies—particularly
Forced-Air Warming (FAW), warming mattresses, and
intravenous fluid warmers (IVFW)—are effective
in maintaining perioperative normothermia when
appropriately applied. Each modality acts through
a distinct mechanism, and understanding these
principles enables clinicians to tailor warming
strategies to surgical type, patient physiology, and
intraoperative risk.

Comparative evidence highlights that multimodal
approaches, combining pre-warming, intraoperative
surface warming, and warmed fluid administration,

provide the most reliable protection against
hypothermia, especially in high-risk patients and
major procedures. Successful implementation
requires attention to timing, monitoring, staff
training, and safety protocols, while economic
analyses suggest that structured warming bundles
are cost-effective by reducing complications and
recovery time.

Future advances in smart, personalized
warming systems and standardized validation
frameworks are expected to further enhance safety,

effectiveness, and patient-centered perioperative

care.

Table 1 Comparative Overview of Perioperative Warming Modalities

Warming Mattresses
(Conductive Systems)

Intravenous Fluid
Warmers (IVFW)

Dimension Forced-Air Warming
(FAW)
Convective heat
Primary transfer via warmed

airflow through
disposable blankets

mechanism

Conductive heat
transfer via direct
contact with a heated
surface

Internal heat delivery
via warmed intravenous
fluids

Demonstrates precise

outlet temperature
Bench validation control, stable airflow
distribution, and rapid

thermal responsiveness

Provides stable and
controlled surface
temperatures when
continuous contact is
maintained

Performance varies
across devices; modern
systems maintain target
temperatures even at
high flow rates

High effectiveness; most
effective single modality
for maintaining
normothermia

Effect on core
temperature

Low—moderate;
primarily improves
peripheral temperature
rather than core
temperature

Moderate;

particularly effective
during large-volume or
rapid infusions

Impact on surgical site
infection (SSI)

Some trials report
reduced SSI rates’

No direct effect on SSI

No direct effect on SSI

Core component and

Role in multimodal primary warming

Adjunctive modality,
particularly in prolonged

Essential adjunct in
cases involving major

warming modality or high heat-loss fluid administration
procedures
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Dimension

Forced-Air Warming
(FAW)

Warming Mattresses
(Conductive Systems)

Intravenous Fluid
Warmers (IVFW)

Guideline
recommendations

Recommended as
first-line active warming
by NICE? and endorsed
by Cochrane reviews

Recommended only
as part of combined
strategies, not as sole
warming method

Recommended in
conjunction with FAW
when large-volume fluid
or blood administration
is anticipated

Safety profile

No evidence of
increased SSI risk when
used appropriately;
well-established safety
record

Risk of pressure injury
or thermal burns if
improperly positioned
or monitored

Depends on accurate
temperature sensors;
risk of overheating if

malfunction occurs

Key limitations

May interfere with
surgical access in some
operative fields; requires
disposable blankets

Reduced effectiveness
when contact is
interrupted; limited use
in surgeries requiring
special positioning

Does not address
cutaneous or
evaporative heat loss

Suitability by surgical

Applicable to most
surgical procedures and

Limited in procedures
requiring non-supine

Best suited for
trauma, major surgery,

type anesthesia techniques positioning and massive transfusion
scenarios
Effect on Highly effective, Limited No direct effect

redistribution
hypothermia

especially with
prewarming

Cost-effectiveness

High; associated with
reduced SSI, bleeding,
and faster recovery

Cost-effective as an
adjunct, not as
standalone therapy

Cost-effective in
high-risk patients
requiring substantial
fluid replacement

Role in Enhanced
Recovery After Surgery
(ERAS) protocols

Primary equipment of
ERAS in perioperative
temperature
management

Supportive role in
high-risk or prolonged
procedures

Recommended adjunct
to FAW in multimodal
ERAS strategies

*Data summarized from randomized controlled trials, systematic reviews, and international guidelines.367%1°
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