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Factors affecting the outcomes of severe traumatic brain injury patients
undergoing emergency surgery

Nathapol Thikhian, Borwon Wittayachamnankul, Theerapon Tangsuwanaruk,
Wachira Wongtanasarasin, Parinya Tianwibool
Department of Emergency Medicine, Faculty of Medicine, Chiang Mai University

Abstract

Severe traumatic brain injury (TBI) is a significant problem and a worldwide cause of
disability and death. The purpose of this study was to evaluate the factors predicting the
outcomes of severe TBI and undergoing emergency surgery. This was a retrospective study that
collected data from all patients with severe TBI, and received emergency surgery from January
1st, 2018 to June 30th, 2019. Stepwise logistic regression analysis was used to identify the risk
factors associated with neurological outcomes and mortality. A total of 111 patients of severe
TBI undergoing emergency surgery were included, 93 patients (83.78%) were discharged from
hospital, and 18 patients (16.22%) died. The favorable neurological outcomes in the hospital
discharge group included 20 patients (18%). The mean age of favorable and non-favorable
neurological outcomes of the hospital discharge group was between 27.20 and 41.75 years old
(p<0.05). The mean age of the living and dead groups was between 47.17 and 37.98 years old
(p=0.08). The analysis results revealed that variables associated with favorable neurological
outcomes were patients aged <50 years (adjusted OR = 21.81, 95% Cl = 1.69-281.62), with a
prehospital Glasgcow Coma Scale Score (GCS) > 5 (adjusted OR = 12.93, 95% Cl = 1.78-93.67).
The patients referred from other hospitals had less favorable neurological outcomes than those
transferred directly from the scene (adjusted OR = 0.04, 95% Cl = 0.02-0.74). The factors affecting
more deaths were patients aged >50 years (adjusted OR = 35.94, 95% C| = 3.23-399.89), prehospital
GCS <5 (adjusted OR = 15.12, 95% ClI = 1.96-116.40), oxygen saturation level <94% (adjusted
OR = 8.76, 95% Cl = 1.01-75.79). The computed tomography (CT) results with a subdural
hemorrhage and a midline shift compared with an epidural hemorrhage with a midline
shift showed a less favorable neurological outcome and a greater likelihood of death
(adjusted OR = 0.08, 95% ClI = 0.01-0.52 and adjusted OR = 32.99, 95% Cl = 1.39-785.75).
In conclusion, the factors affecting neurological outcome at hospital discharge and death were
older patients, prehospital GCS, the types of patients, oxygen saturation level, and CT results.

Keywords: severe traumatic brain injury, prognostic factor, neurological outcome, mortality
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fi® Modified Rankin scale (mRS) muuuunasy
Juiinlnene1ua lnedisgazidunuesnsiingiuu
ail

ATUWUL 0 = LifianuRaunfiay

gy 1 = luflannufinUnAgunss
anunsaUseneuiainsusedriuldesuniinnesns

AU 2 = dmuRnUnAdnies aanse
Usznauiainsusedriuldleaiounnesns

ATLUL 3 = JANURAUNANDAIS ABINTT
audutnglumsyh R TsUsys uuseds uldies
Tnelufnpsdiauaiy

AZLUY 4 = UANMURAUARNIN @135
Wuedld wisesllinuglsnes lawnsninaing
UszdrTulalmelufinuae

AZUL 5 = TAUHAUNATULTY WoU
Anfigs Jaanesa desn1snisguastslnadn

AZUUY 6 = L@BTIN

foyartaeilldsunisidaiamunazgn
nasiusausanangiudeyanyszideu
Sidnnseilndvelsmenvia leun o1y nsld
LeanegeauayMseUmnNiulianaNnsinUsz iR
RN ULazAumanISal SedumNsand
wsnJunaudalsanenuna (Prehospital GCS) 52AU
pendiaudarsiiusniunoumndelsmeuia
yaansmensunndilsinisguaguasnsnu
rouanfalsamenuia Ussiamvosnedigniias
15ane1U1831NALANMAlAEATININTEUUUINS
mnmmﬁ@mﬁu (Emergency medical service:

EMS) wazgUlefigndeiiainlsangiutaduiiie
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$nwle (Referral case) Usslnvuasyaansiigua
AUrevugaguanlsaneIuta liun aranadng
anauN1sLnng (Emergency medical responder:
EMR) wifne1uanidunisunng (Emergency
Medical Technician: EMT) l1ntinauaniau
nsunng (Advanced Emergency Medical
Technician: AEMT) inufjiRnsanidunisunmg
(Paramedic) wagnenuTa (Nurse) n1slofansi
NMABALEEAAININNTIY 1,500 Nadansusniy
Aousndalsmenua seauanuiulaingalnda
ffindn 100 dadiunsusenusniuneuuii
15ang1U1a MIABUALDIYRIFHIUAT TPzl
fifanldsunisindalaeduiausinaninmeg
thudengiiriafomdrdinadenadnsmng
sruvUssamvardvhendululasnsdetin
vauraglulsanervansely lngldnisussiliu
wadnsyaszuLUsEam mRS Tasuvadungud
NadNSYNaTzUUYsEAMTR A MRS 0-3 Azl
wavHanguinadnssszUUUsEamlaif Ao mRS
4-6 LU
nsRIMILIRGIeE 9TBIN 1SRN
desmnlasnfeildmedafnuidelinges
anney (logistic regression) fiflfuUsdase
1NN 1 67 lunsieseianuduiussening
Yadumnee TANNFIRUSHONANITYINIUYEY
auodlufihsniafuiiauessuuse fadu Tuns
AwmruIanguiiegindy 5-10 wives
Fruudedeifnasrionadnsvesnsdnuilugiae
VAL UaL eI TULIIMSALA FUn SRR
ashulunsinuluefin® dedu awvinafu
susdeyadihefidiumssnulumiensie
anidu lsmeuaumswuasdednl Aduans
Aadounmdfmhensagniduindnisuindud
auoeguLss lnefidynndnasiuagldfunis
rdinLgasu $1uu 100 Ay lddunaiedeya
gayneBniesay 10 saunlu 110 Ay
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mMathiauetayaLayNITIATIINERA
wldusserndeyarhluuazadifdmssaunlag
wanstoyalusUvesiosas (percent), Alade
‘YA (mean), ANT58§1U (median), Aoy
11035574 (SD), AdsA8lvd (IQR) N153AT189
WeatifnuaNumINzaNvestaya Wisuiey
ﬁi’fagamjuﬁw Chi-squared test 139 Fisher exact
test LU‘%&‘UL‘ﬁsmﬁﬂ’aaﬂaﬂ'mmm'an‘jaqﬁﬁms
nszaroidulasunfisag Student t-test %3e
Mann-Whitney U test dwfudaya non-
parametric agla@nf Kruskall-Wallis Test A9
ApszrnnuFuTusTEnIetaderee nfian
duiusdenanisinuvesaradluiUisuindu
ﬁauaﬂquLLsa‘ImI‘i’fﬁﬁﬁ logistic regression 1ag
smunAntudAyn19adin p<0.05 NI
wazdAsTIzvn1sadalglusunsy IBM SPSS
Statistics V23.0

HaNISANEI
nnsavAunYssileudidnnseiind
wudeyaguaeiinansitadelaounnddivaioe
avagniduindnisuiaduiianssguuse Taed
Fuanadnaiuasiinaenusdaeuinmesaues
NILATUNMINIFALUULSIAINTILIL 145 AU
fifftheduau 34 augndneenanmyideidiesan
Ufasniseinsinuaziloyvn coagulopathy 39wde
$1uaueg1efidngnsideivan 111 au
AlgFFunssindanuuisasiu
MnmsEnwfithelssunmsitedeiiming
A5199n13 U UL EuRaNeeTEUTULTS
AlFFumsHAas g 111 Ay WU
flonguade 39 U 10umawe 98 au (fovaz 88.3)
finsldueanssed 34 Au (Segay 30.6) auild
wanduden 4 au (Sevaz 3.6) @LMAUBINTS
VI AuLAinangURmgas19slidnuiu 87 Ay

Y

(Fowar 78.4) {Uhednlnaduduredigndsd

Y




Nnlsamerunaduilesnuse 92 au (Feuas 82.9)
Feynansiiguaszidunerviaianun dmy
Fuhefignihdslsamenuianngainimnlaenss
f9uau 19 au (egar 17.1) dnllugjauare
p1analinsaNAuNTLNgITILIY 10 AU (Feuas
52.63) uonatndunevialdugquaglae
Prehospital GCS wasfjinemuniiandsegiu
Wiy 6 T5Uaeduiu 18 au (Seway 18.22)
i Prehospital GCS 111N 8 wéen1sueauile
wndsosgniau flhedifisefusendiaulatsin
wnnIFesay 94 91w 85 AU (Seuaz 76.6)
Qﬂwﬁlﬁ%’umifwmmdﬂ 1,500 Haaansiauiu
3 au (Gevaz 7.2) {Ueiissdumnududalnde
Weunin 100 Fadwnsuseniduiu 3 au (Fevay
2.7) fheiiinsmevaussvesgiumeglusysud
58 AU (Fouay 52.3) Nalenisdaouinesauss
d@ulwgnu epidural hemorrhage Wag midline

shift 974U 38 Au (Seuay 34.2) ANISEgIU
iwzmmﬁ;:Jﬂwlﬁ%’mmhﬁmimﬁuﬁgqLwinm
\awgAe 354 uiil dthedmheanlsmeuia
U 93 Au (Sewar 83.78) drjthaldediniuiu
18 Au (ovar 16.22) FUhoiliadwsmaszuy
Usramiifvaesmiendutnuiosas 18

NnAsAnwInUIINguE e ATinadng
naszuuUszamiifvaesminendutiunuin
Auadvengfo 27.2 U Tasunnssannngugag
fifinadnsnnsszuuysramillfvauzsnde
nduthunuhandeegfie 41.75 Y Gaumndneiu
ag19lltBd1AYNIEDR (p<0.05) hazdINuI
HALONDLTE ADNNILADT AU AIUFURUS AU
NadNSIsTULUSTaMTiRar s e ndutiu
ay19lded1AYN19ada (p<0.05) Asuanslu
AN597 1

M19199 1 Wisuiiguladesine sevingudtheninadwsmessuudszamisuaslifvardvming

AUTIUY
Y neuiidl najuilsl Tateiifinadenadnsmessuuuszamiia
Uade (::iﬁ?) NAANSTIR HadnSTlif pvalue Crude 95% CI Adjusted  95% CI
(N=20)  (N=91) OR OR
a1gfilae @)
91giady 39 27.20 41.75 <0.05*
+ Andosiu +1816 +11.33  +18.30
AIATFIU
918 > 50 ¥ 35 1 34 <0.05¢+  1.00 1.00
91y < 50 ¥ 76 19 57 1133 1.45-8850 2181  1.69 - 281.62
LNl 0.46+
M8 98 19 79 1.00 1.00
N 13 1 12 035 0.04-2.83 0.08 0.00 - 7.73
mshuueanaged 0.60t
Tof 34 8 26 1.00 1.00
Tafla 31 5 26 046 0.18-217  0.37 0.04 - 3.58
lainsu 46 7 39 035 0.19-1.80 061 0.09 - 4.34
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15197 1 (519)

. nejuﬁﬁ ngim’?iﬁ Yadeiiinasenaansmeszuuuszamiln
a3y (Efﬁ?) HAAWSTR wadwsAliA p value crude  95% ClI Adjusted 95% Cl
(N=20) (N=91) OR OR
nslavaaniuiien 0.58+%
1o 4 0 4 1.00 1.00
Taile 65 13 52 NA NA NA NA
Tlaingu 42 7 35 NA NA NA NA
nalnnsuadu 0.561
9UALYAIT1DT 87 17 70 1.00 1.00
LailvguRive 24 3 21 059 0.16-220  1.25 0.18 - 8.84

937193

GCS naunelsanguna

GREGH M 6 7 6 0.17§
(Amdeenelnd)  (4,8) (6,8) (4,8)

3-5 40 3 37 <0.05+ 1.00 1.00

>5 71 17 54 388 1.06-14.20 1293 1.78 - 93.67
stivaandiaulansiia (%) 0.78t

<94 26 4 22 1.00 1.00

> 94 85 16 69 1.28 0.39-4.22 2.16 0.31-14.88
vilnvasgUoey 0.33f

hdnanawe 19 5 14 1.00 1.00

Tngseuu EMS

dliedwionn 92 15 77 055 0.17-174 004 0.02-0.74
T59ne1UIadU
Usuaunislasuansuinaufelsanenuna 0.351
> 1,500 daqans 8 0 8 1.00 1.00
< 1,500 fiagans 103 20 83 NA NA NA NA
JEAUAUAY Systolic naudslssneruna 0.70+
< 100 3 1 2 1.00 1.00
Tagunsusen
> 100 108 19 89 234  0.20-27.17 359.97 2.23-58200.18
Uadunsusen
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15197 1 (F19)

S nauRg naung Yateiifnasenaansmessuuuseamiin
» NN v e o el o
UJade s waawsia waawsildf p value crude  95% CI Adjusted 95% Cl
N (N=20) (N=91) OR OR

NIABUAUBIYDIFUIUAT 0.29%

limauaues 25 2 23 1.00 1.00

ADUAUDINDLAS 28 5 23 250 0.44-14.22 0.44 0.03-5.78

WEntiae

AOUAUDINDLLAS 58 13 45 3.32  0.69-15.99 0.73 0.08 - 7.18
NaLANBLSIADNNINDSANDS <0.05%

EDH with 38 11 27 1.00 1.00

midline shift

SDH with 61 5 56 0.22 0.07 -0.69 0.08 0.01 - 0.52

midline shift

ICH with 9 3 6 1.23 0.26 - 5.80 3.38 0.27 - 42.85

midline shift

Any intracranial 3 1 2 1.23  0.10-14.96 0.87 0.02 - 314.59

bleeding with

signs of brain

herniation
szavnamAuIaEUaLldunnsHnda (uail)
GREGH MY 351 354 0.858§
(Ardenlalng) (230,522)  (234,500)

> 300 W17 66 13 53 0.58%+ 1.00

< 300 Wil a5 7 38 0.75 0.27 - 2.06 0.19 0.02 - 1.55

*Independent t test, tFisher exact test, +Pearson Chi-Square, §Mann Whitney U test,

EDH: Epidural Hemorrhage; EMS: Emergency Service; GCS: Glasgow Coma Scale; ICH: Intracerebral hemorrhage;

SDH: Subdural Hemorrhage; NA: not available

ynnsiuvfeyanazthunmanuduiug
299737801499 m'a@’ﬂaaﬁﬁwaé’wémﬁxw
Uszamiavazsmirendutulugvieildsu
nMsitadsuinLiuiiauesunsilédFunisinge
1539U AT AlaglEN1IAIUINAIYTS univariate
wae multivariate logistic regression analysis
wuintadeiidanuduius funadnsnisssuy

8 |

Ussanviiaszsvmnenduthu lWud engfiteend
wIowinAu 50 U (adjusted OR = 21.81, 95%
Cl = 1.69-281.62, p<0.05) 56U GCS nNauuds
159ng1U1aLINAIN 5 (adjusted OR = 12.93, 95%
Cl = 1.78-93.67, p<0.05) szauANAULaAn
FalmdafiunnnivSewinfu 100 fadwasusen
wsnsunouNiflsane1ua (adjusted OR =
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359.97,95% Cl = 2.23-58,200.18, p<0.05) {38
d9i091nlsane1u1aduaziinadns nieszuy
Uszamuazndutuiiugninguaeiiidseann
AAAMAIAEATIAINTEUY EMS (adjusted OR =
0.04, 95% Cl = 0.02-0.74, p<0.05) NALDNTLSE
AouRLAeS7iny subdural hemorrhage il
nadnsn9szUUUsEamMYMznduTIuTiLg N9
epidural hemorrhage (adjusted OR = 0.08, 95%
Cl = 0.01-0.52, p<0.05) asauandlunnsIed 1

a a

PnMsAnelunguddieideTinnudn
firadvenginnninguiiefisendin (47.17 9
LAy 37.98 U mudiu) wazenslisegIuveseeiu
AuanmIusnFuneudialsmeuna (Prehospital
6Cs) lunquilidsdindesniinguiisondin
pgsllpdIAYNISEDR (5 Way 7 MUEIAU) Laz
fanunnaenLsdAeuIneaualinNUdITUS
Aunsidetinegltd1Agnisana aslansly
A9 2

a = P P ' A = a N aa
N1919N 2 LU?SULVIUU{]QT\]UW'NG] ’iz%ﬂﬂﬂquaﬂ’l&m’iaﬂmmmzLaEJ"UW]

Jode nfuiisendin nfuidedin Shalie Uaduitiinasion1ndedin
(N=93) (N=18) Crude OR 95% Cl  Adjusted OR  95% Cl

a1gfiUan @)
918indy 37.98 4717 0.08*
+ ﬁﬁLﬁaeLuummgm +17.62 +19.46

0y > 50 U 68 8 <0.05+  1.00 1.00

918 < 50 U 25 10 340  1.21-959 3594  3.23-399.89
LA 0.441

ld 83 15 1.00 1.00

na 10 3 166 041-675 1.03 0.14 - 7.87
nshNLeaNases 0.80%

1o 28 6 1.00 1.00

Talla 25 6 112 032-392 1.22 0.13 - 11.87

laing1u 40 6 070 0.20-2.40 1.32 0.19-9.14
nslaviuaniuiien 0.25t

Ta 3 1 1.00 1.00

Tafla 57 13 075  0.07-781 1.06 0.03 - 36.12

Tlaingu 38 4 032 0.03-3.80 0.07 0.00 - 3.01
nalnasuradu 0.22+

9URALMARITS 75 12 1.00 1.00

LiildguRiveasas 18 6 208  0.69 - 6.30 0.32 0.04 - 2.31
GCS naudslsswenuia
Ailoegu (Midenelnd) 7 (5,8) 5(3,7) <0.05§

>5 65 6 <0.05¢  1.00 1.00

3-5 28 12 464 158-1361 1512  196-116.40
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15197 2 (A19)

Hady n@:uﬁiamﬁam ngjuﬁgﬁﬂ?ﬁm p value Padeiitinadon1sidedin
(N=93) (N=18) Crude OR 95% CI  Adjusted OR 95% Cl

sususandaulansia (%) 0.09+

>94 74 11 1.00 1.00

<94 19 7 2.49 0.85-7.25 8.76 1.01-75.79
vilnvasgUoey 0511

hdsnyaiaweg 15 4 1.00 1.00

Tngszuu EMS

HUledwionn 78 14 0.67  0.20-2.33 3.37 0.33 - 34.82

Tsmenunaduy
Vnamsldsuansinneuddsemetua 0.611

> 1,500 {dadans 6 2 1.00 1.00

< 1,500 Jadans 87 16 055  0.10-2.98 0.10 0.01 - 2.01
T2AUANUAY Systolic naunelsaneuia 1.00t

< 100 fadunsusen 3 0 1.00 1.00

> 100 fadunsusaw 90 18 NA NA NA NA
N3ABUAUBIYBIFUIUAT 0.36t

lainouauas 19 6 1.00 1.00

HOUAUDIABDLLET 23 5 0.69 0.18 - 2.61 1.07 0.13-8.89

\antiey

POUAUBINBLA 51 7 043  0.13-1.46 1.01 0.15-6.94
NalNYLsIABUNIND SN <0.05t

EDH with midline shift 37 1 1.00 1.00

SDH with midline shift 48 13 10.02 1.25-80.10 32.99 1.39 - 785.75

ICH with midline shift 5 a 29.6  2.73-320.47 548.18 9.28-32,375.96

Any intracranial 3 0 1.00 NA NA NA

bleeding with signs
of brain herniation

sveznanaiuIniuauldFunssnda (uni)
iioegu (Midenielng) 362(235,515) 295(162,400) 0.11§
> 300 UM 36 9 0.37% 1.00 1.00
< 300 Wit 57 9 063  0.23-174 0.22 0.04 - 1.32

*Independent t test, tFisher exact test, +Pearson Chi-Square, §Mann Whitney U test,
EDH: Epidural Hemorrhage; EMS: Emergency Service; GCS: Glasgow Coma Scale; ICH: Intracerebral hemorrhage;
SDH: Subdural Hemorrhage; NA: not available
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31nn1siuteyanasiiundasieu
mANMUdNNUSU0ITTeM199 Aon15LdLTIn
TugUaedildsunisidadouniufiausasunse
Flgsunmsiadmseaau Tngldnsiuinseds
univariate ag multivariate logistic regression
analysis wuniadefidanuduiusiunsdedin
I¢iuA 91g#innndn 50 U (adjusted OR = 35.94,
95% Cl = 3.23-399.89, p<0.05) s¥AU GCS
neaudalsang1uIatesniuselniiu 5 (adjusted
OR = 15.12, 95% ClI = 1.96-116.40, p<0.05)
syfupendulaneinneudslsmenuiatioonin
94% (adjusted OR = 8.76, 95% Cl = 1.01-75.79,
p<0.05) waznaleNwLsEAaufinnedauasfiny
subdural hemorrhage with midline shift wag
WU intracerebral hemorrhage with midline shift
eiinsdeTindiuannin epidural hemorrhage
with midline shift (adjusted OR = 32.99,
95% Cl = 1.39-785.75, p<0.05 uwag adjusted
OR = 548.18, 95% Cl = 9.28-32,375.96, p<0.05
AUAR) Fauanslunsed 2

BRMERETAR]
fuheidnalonaisdaesfiumesnuidy
subdural hemorrhage duiusAueRIINITAY
pgldudAYNIsadALazINaaNE NI9TEUY
Uszamanenduduiiugnin denndesiu
wanemsAnwiivsuenda subdural hemorrhage
finnsnennsailsafingndnatenisgdug >
\fiea97n subdural hemorrhage ¥1lLAANTS
vInlurBLasdued (Diffuse axonal injury)
aupsuIMden AHFenfl LAZNSVEIERIVS
Aoutdenluniendila? wli1n15@nw1v99

.22 9glanuin

Roman C. Ostermann et al.
subdural hemorrhage &uWusAUNITIABTIN
Luaﬂmﬂiumiﬂﬂmmﬂanﬂamﬂiwmﬂimumma
wmmﬁmmamaimmmum Fawaronwise
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paNwmesaNasueswenrlisududfedldsunis
NIARLTIAIY Gmﬁ’umiﬁﬂwwaqﬁ%%’aﬁﬁﬂm
ewznguiiduduseddsunsndndouingy
WANISANEIVDY Roman C. Ostermann et al.
Fanunns sl midLine shift 171NN 15 Laaiuns
auwuﬁﬂmmasmmwm maamﬂamﬂumiﬂﬂm
VDI ot natenwisEReNiamesfiny
midline shift @unsalduenneinsalveslsala
INNANITIATIEN VI8 TInuINALONYLTE
AeULMBSTINY intracerebral hemorrhage with
midline shift SradesnsINTsATERINTUTLAY
usilosnnddunudithetdeiiios 9 auvinlinis
Anginmsanaianuuusunulauinlidaiunse
ayunaladaiau
Tudhuvesegnuinnguiifiongadstios
finadwdmnesruuUssamiinvasmmnendutu
wnnkagiinsndeTinidesnindlewisuiueny
flunn Faaeandasiunisdneuives Pakkanen T
et al.” \flesannsilusvesgeorsilusald
BINNTIAINTEUUNTNLNALTANTselaiung
TsAUseauazenisuUssvnu U edundaden
9N9EHaON1SUIAL UdLesNnTY nMsean
MsvmEuthas sadssmemindivilgenn®
wiinfivang s luggeenge1ainaans
N353 UUUsTAmA waldwulnyaefinseau
AN9I0NMYBII9N1E” wonanil Sediudngud
nausegagisuIniuiianeaiiny subdural
hemorrhage fiAt0dgoguinningiheuiadud
auesiiny epidural hemorrhage® uaznuiily
FUheenganniiny subdural hemorrhage S
Suudiumadedinfiuniu® dedu engfiun
57uAUN153199Y subdural hemorrhage 34
Usvennensaivaslsaiilld
ludszifuvesszduauidndiusniu
NOUDILIINYIUIA AANMUFUNUSAUNAINENNY
szuuUszamiinvazdmuienduduwazns




FeTindeaanndestunsiinuives Pakkanen T
et al.” 1gNUIIMINTEAY
GCS Aoudslsamenuiatiosniiviowinfu 5 3
donRaBINUNaNIIANYIUBY Barthélemy et al.’
eanndeszdu GCS Hesatnansinszdiua

az Meena et al.”

'guLLiamaQﬂﬂiuwmL%Uéqmﬂsﬁu NAITUATIZN
ﬂﬁwﬁmaﬂﬂﬂaawudwﬂﬂwﬁgﬂﬁﬂmLﬁa%ums
fnwsieninlsanerutaduaziinadnsnieseuy
Ustanmugninguithadssneuiaangaifinweg
1M8R3991N52UU EMS ag9iidedAgn1eaia
wardivuiluiiasidedinunnitusiineedsldny
fodAyneadd eraflesanniuaedigndsse
aulngiiinazonsuinuazldnaiuulunisings
TudhueuanIsaveIyARINTININSUNNETgUA
fhedosnitaslumsfnuniidulmgduging
desipanlsang1uiadu yaainsmienisunmg
flnspuadtaeiduneuiaramn dusugine
fignihdsanngaiinivnlaensaninszuuuing
mswménniauidnnutesyiivlidamnsaivs e
115 AUANNEINNTOVRIYABINTNINTITLNNE
fiquaineiinasionadnsnissnuvdolsl
Tunsdnuriinuitsiuauduladie
FalpanuINNINIBLIAY 100 mmHg ApuNIaa
Tsaneruradudfadeiinuindauduiusiu
NadnsvNesTULUSEa iR donrdostunuInig
nMs¥nugUisuiniuiiaseauenlsameiuia’
Warn13AnuIvee Daniel W. Spaite’ fiwuin
mnAaMuduTalnananasazyinlAannsunIIEse
duaaiiumniuainidenluifisaueanaaz
dlomadeTimnntu uslunsanunihidnanse
wansduiusfunndedinlidesanlungy
AieTinliffuisitanuduladindalndasiiniy
100 mmHg iflasanduaugthelunguiaamsi
Hoend 100 mmHg fites 3 AU YIlENTIATIZY
ymeadndinunUsusuliunnenaliannsoasuua
e lunsfnwiimuissiueendaulanein

12 |

neudslsangruiavegUignintesnii 94%
finasiensideddinfiuniu u‘jaﬂmﬂmﬂ;ﬁﬂ’m
finmreanduuludensiasyinlianedldsunis
VIALIUIINNITVINDDATLAUN LARAIIENNTONLEY
vouitedaUsvam (Neuroinflammation) @<
Tnanissnwilali® uiilunisdnundayldwui
flauduiusfunadnsnisssuulszamiinea
iesnandnnugitaediden
Tugumsldvanniutenlufianuduius
Aunadnsmesyuulsvanmiinazsmhenduti
LayNSELTIR FauanseannnsAnwAeunthi ©
fnuimnntuienduilideiiannsdedBaen
gURmnINIadnse LAY sndnTELEUA Liosan
m3finwranan nquieedldinasinisuussesiu
ﬂ’J’]JJEULLN“U@Nﬂ’ﬁU’mL%UﬁLLmﬂ(ﬁhdﬁUﬂ’]iﬁﬂwﬂ‘ﬁ
wasdinsunduiivenuiieanmsuinduitaues
ogdlsfinnu 1osandeyanis@nuiiinisla
mnnfudendies 4 518 Andusevay 3.6 Lay
Tinsuitldnselufedosas 37.8 msiiinisld
Snnudesuazdaideyadilidaiaudiuiuuin
Mlin1siegimeaiadauulsusiulauin
WulRgafunisldweanesedinuinlungud
Lins1uindnsiunielufisviuunnisdosas
a1.4 Bnvisliléfinisinseduneanosedlugiag
nnsedeyaldannisaeuaiudingwiediiiu
wasalvinlanuideievesdeyatiovili
onalilanunsoagunateyald aariideliauiiui
anngudnveanisuiatiuiiauesguunslunis
ﬁﬂmﬁlﬁmmﬂqﬁammﬁﬁmwiﬂé’uﬁmﬂahnma
fuientiosunn nssasdizesmsldldueanased
waznsarumnniudendududesniu Snva
maﬁmsﬁ’uﬁa%aga‘iﬁ%’mL%ue‘?’fawﬁdwiums
Angineainiun1siseseluliiinaunsug)
1t ludhumesmslsfansiinannn 1,500 Sadans
Laifannuduius Sunadnsnisssuudssamiia
YULIMUIBNAUTULAENSLERTIN Tagiinanu
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Evaluation of quality of life in patients with advanced-stage cancer
undergoing palliative chemotherapy
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Abstract

Quality of life (QoL) was a significant medical outcome measure and was an important
goal for the planning of treatment among cancer patients. In order to evaluate changes in QoL
during palliative chemotherapy among Thai patients with an advanced-stage cancer. A single-center
prospective study was conducted with advanced-stage cancer patients enrolled in the
study who were undergoing palliative chemotherapy in a single university hospital. The data
were collected using self-administered questionnaires. The baseline characteristics, performance
status, and quality of life using the European Organization for Research and Treatment of Cancer
(EORTC QLQ C30) were measured at 3 and 6 months after chemotherapy treatment. The QoL
scores were compared across the three-time points using repeated-measures analysis of variance.
The QoL scores were reported in terms of mean and standard deviation and a p-value less
than 5% was statistically significant. A total of 70 patients were enrolled in this study, with a
mean age of 55.07 (SD 14.88) years, with 44 males and 26 females. Solid cancers and hematologic
malignancies were found in 49 and 21 patients, respectively. After 6 months of follow-up, 27
participants were evaluated completely. The functioning scales such as emotional, cognitive,
and social functions had higher scores after three months of therapy and marked minor further
improvements over 6 months. The symptoms of fatigue and financial difficulties also significantly
improved after 3 to 6 months of chemotherapy treatment. The overall QoL showed worsening
after 3 months of treatment and a slight improvement after 6 months. While the functioning
scales of fatisue and financial conditions of the patients improved after chemotherapy, but the

overall quality of life worsened after 3 months of treatment.
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Introduction

Quality of life (QolL) evaluation has
become even important in the care of all
cancer patients" and patients with advanced
cancer”®. Improving overall survival and QoL
is the main goal of palliative care’. A previous
study showed that age, survival time,
performance status, diagnosis, and cancer
treatment are important determinants of QoL
scores in patients with advanced cancer®. The

basic cancer treatments can be local

10,11 12,13

treatments of surgery ™, radiotherapy “",
and chemotherapy'“'®. Chemotherapy side
effects can degenerate the QoL in breast

18 3dvanced Non-Small Cell

cancer patients
Lung Cancer 6, and metastatic colorectal
patients”. A study on the QoL conducted
among Thai cancer patients showed that the
overall QoL scores before and after treatment
with chemotherapy were slightly worsened in
advanced non-small cell lung cancer®?".
Nevertheless, it is also the treatment that can
improve QoL in cancer patients””. Contrast
with some previous studies'*™ showed that
no significant difference in the QoL scores
between the start of chemotherapy and after
the completion. Although there is some
knowledge about cancer patients’ QoL
undergoing chemotherapy, there have been
few studies discussing the QoL among patients
with advanced-stage cancer in Thailand.
Furthermore, work published in developed
countries does not reflect the true context of
Thai patients. The objective of the present
study was to assess the changes in the QoL

of patients with advanced-stage cancer before

J Med Health Sci Vol.28 No.3 December 2021

and after chemotherapy treatment within the
daily clinical routine of the university hospital.
Consequently, this study will be a baseline
study for future research to enhance our
understanding of QoL among cancer patients
with chemotherapy treatment and how it is

affecting the patient’s quality of life.

Materials and Methods
Study design and sample

The study was a single-center
prospective, questionable-based, cohort
study. All patients were recruited from the
palliative care unit, university hospital, a
central region of Thailand between March 1,
2017, and September 30, 2018. Eligible
participants were those with a new diagnosis
of advanced-stage cancer such as
gastrointestinal, lung, prostate, and soft tissue,
relapsed, or refractory hematologic malignancy
at least 6 months before the data collection
were included in the study. All Patients
received chemotherapy either outpatient or
hospitalization. All participants were able to
communicate effectively with the research
staff. Patients with cognitive impairment,
primary and secondary tumors of the central
nervous system, and serious psychiatric disorders
were excluded from the study. Moreover,
Patients with infected or sepsis or febrile
neutropenia during chemotherapy were
excluded. The present study was approved
by the ethics committee of the institutional
review boards (SWUEC 372/59E). Informed

consent was obtained from all patients.




20

Assessment instrument

Sociodemographic and clinical data
such as age, gender, and comorbidities were
collected from the medical records gathered
when patients were admitted. Serious adverse
events were collected during the administration
of chemotherapy. Quality of life was assessed
using the European Organization for Research
and Treatment of Cancer (EORTC QLQ-C30)
version 3.0, a 30-item questionnaire, which
was translated and validated in Thai®. Scores
for the symptom components were linearly
transformed to a scale of 0 to 100. A high
score for a functional scale represented a
relatively high level of functioning, whereas a
high score for a symptom scale represented
greater severity of symptoms impact®.
Performance status was assessed by oncology
healthcare professionals using the Eastern
Cooperative Oncology Group scale (ECOG) for
cancer patients’’. Palliative performance scale
(PPS) were also assessed by the palliative
performance scale”. Initial assessment
included ECOG, PPS, and QoL scale after
patients were enrolled in the study, following
their review of a consent form describing the
contents of the study, and agreed to participate
in the study. All patients were then reassessed
every 3 months with the ECOG, PPS, and QoL
scale until completed with chemotherapy
through face-to-face interviews; patients could
refuse an interview if they felt too ill to answer

questions.

Statistical Analysis

Statistical analyses were performed
using the STATA version 14. Frequencies were
calculated for patient demographics. Mean
and standard deviation (SD) respectively were
used to describe the continuous data. QoL
scores were also described using the mean
and SD. Questionnaire scores were compared
across the four-time points using repeated-
measures analysis of variance. Effects of
multiple variables (age group, gender, presence
of comorbidity, and treatment modality) on
changes in global health status and palliative
performance scale over time were described.
In all statistical analyses, a P-value of less than
5% was considered significant.

Results

Out of the 70 eligible participants from
the palliative care unit, 44 men diagnosed with
advanced-stage cancer were included in the
analysis. The largest proportion of patients
was aged between 17 and 79 years. Forty-three
patients have dropped out from the study
due to death (n=41) and lost to follow-up
(n=2) (Figure 1).

At the time of study inclusion, figure
2 showed that most of the patients were
diagnosed with hematologic malignancy.
Figure 3 contains the descriptive statistics for
all Functioning scales of the EORTC QLQ-C30
(Physical, Role, Social, Emotional, and
Cognitive Functioning), Global Qol, and its
subscales before the start of chemotherapy.
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Twenty-seven out of 70 patients
completed 6 months of various chemotherapy
modality treatment. All sociodemographic and
clinical characteristics of patients are
summarized in Table 1. Table 2 summarizes
the EORTC QLQ-C30 and PPS2 results at the
three time points. Before the start of
chemotherapy, all functional scales of the
EORTC QLQ-C30 were higher than 80. Our
results showed that Functional scales
(emotional, cognitive, and social function)
were significant differences statistically
between the three-time points. Fatigue and
financial difficulties also significantly improved
after 3-6 months of chemotherapy treatment.
All these changes were clinically important.

Overall QOL significantly worsened 3 months
after therapy and then improved significantly
through 6 months. The mean of PPS2 scores
increased from pre-treatment then minor
decreased after treatment ended. However,
compared to finding at pre-treatment, at 3
months, and 6 months after treatment, the
mean PPS2 scores were not significantly
changed (Table 2).

Figure 4 showed descriptions of global
QoL and PPS2 scores at the three-time points
with patients categorized by age group, sex,
presence of comorbidity, and treatment
modality. The analysis revealed that patients
over 60 years old experienced poor global
QoL and PPS more than younger patients.

70 advanced cancer patients were assessed for quality of life

31 patients were excluded:
- Dead within 3-month (n = 31)

39 patients were enrolled at 3-months

12 patients were excluded
- Loss to follow up (n = 2)
- Dead in within 6-month (n = 10)

27 were enrolled at 6-months

Figure 1 The enrollment of patients

J Med Health Sci Vol.28 No.3 December 2021
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Table 1 The characteristics of advanced cancer patients

Characteristics Al patients (N = 70) After 6 months follow-up (N = 27)
Age, mean = SD, (range) 55.07 + 14.88 (17-79) 56.18 + 15.80 (17-78)
Male/Female 44/26 15/12

Comorbidities

Diabetic mellitus (DM) aq 2
HT + DLP a4 1
Dyslipidemia (DLP) 2 2
Cirrhosis 3 1
Hypertension (HT) 3 0
Gout 1 1
Hyperthyroid 1 0
Thalassemia 1 0
HT+DLP+CKD 1 1
HT+DM 1 1
HT+DLP+DM 1 0
HT+DM+DLP+CKD 1 0
ECOG Performance status
0 11 5
1 31 15
2 11 2
3 15 4
i 2 1
Treatment
Chemotherapy (CTX) 70 21
Chemo-radiation (CTX - RT) 6 1
CTX + Surgery 7 5
CTX-RT + Surgery 1 0

SD: Standard deviation, COPD: Chronic obstructive pulmonary disease, CKD: Chronic kidney disease,
ECOG: Eastern Cooperative Oncology Group

J Med Health Sci Vol.28 No.3 December 2021




m Hematologic malignancy
W Lung cancer

M Colorectal cancer

B Hepatocellular carcinoma
m Pancreatic cancer

= Cholangiocarcinoma

M Bladder cancer

= Prostate cancer

W Sarcoma

B Gastric cancer

® Thymus cancer

Nasopharyngeal cancer

Figure 2 Number of advanced cancer patients (N = 70)
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Figure 3 EORTCQLQ-C30 questionnaires scores of the 70 Thai patients with advanced cancer
according to functional scales (A) and symptom scales (B). Abbreviation: PF; Physical function,

RF; Role function, EF; Emotional function, CF; Cognitive function, SF; Social function
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Table 2 Descriptive statistics (means, standard deviations, and range) and comparison of the
results of the EORTC QLQ-C30 and palliative performance scales for 27 cancer patients after
6-months follow-up

ltem Pretreatment 3 months 6 months .
Outcomes p-value
No./s Mean + SD, (range) Mean * SD, (range) Mean * SD, (range)

Functional scales

PF 1-5 82.47+26.93, 90.37+22.74, 82.22+25.69, 0.193
(0-100) (6.67-100) (6.67-100)
RF 6-7 90.12+24.13, 90.74+23.72, 81.48+26.69, 0.057
(0-100) (0-100) (0-100)
EF 21-24 87.04+17.19, 99.07+3.53, 96.60+8.42, 0.025
(25-100) (83.3-100) (66.67-100)
CF 20, 25 92.59+14.12, 99.38+3.21, 95.06+10.14, <0.001
(50-100) (83.33-100) (66.67-100)
SF 26, 27 94.44+10.34, 99.38+3.21, 99.38+3.21, 0.008
(66.67-100) (83.33-100) (83.33-100)
Symptom scales
FA 10,12,18 22.22+20.67, 6.53+11.64, 10.70+14.93, 0.004
(0-66.67) (0-33.33) (0-66.67)
NV 14-15 9.26£19.79, 8.02+16.26, 6.17+£12.36, 0.772
(0-66.67) (0-66.67) (0-33.33)
PA 9,19 16.67+24.45, 7.41+£17.50, 16.05+20.40, 0.046
(0-83.33) (0-83.33) (0-83.33)
DY 8 22.22+24.46, 8.64+19.81, 18.52+25.04, 0.065
(0-66.67) (0-66.67) (0-100)
SL 11 23.46+27.45, 9.88+18.06, 16.05+23.33, 0.055
(0-100) (0-66.67) (0-66.67)
AP 13 22.22+30.66, 9.88+18.06, 14.81+16.88, 0.128
(0-100) (0-66.67) (0-33.33)
Cco 16 16.05+26.75, 22.22+18.49, 20.98+16.40, 0.481
(0-100) (0-66.67) (0-33.33)
DI 17 4.94+15.20, 1.23+6.41, 2.47+8.89, 0.468
(0-66.67) (0-33.33) (0-33.33)
il 28 18.52+28.24, 1.23+6.41, 0 <0.001
(0-66.67) (0-33.33)
QOL 29-30 68.21+24.68, 44.44+21.68, 56.79+24.24, 0.004
(0-100) (16.67-100) (16.67-100)
PPS2 scores - 78.15+19.42, 80.00+12.40, 75.92+24.96, 0.586
(20-100) (30-90) (5-100)

PPS2: Palliative performance scales version 2
* Questionnaire scores and palliative performance scales were compared across the three-time points using
repeated-measures analysis of variance (ANCOVA)
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(A) Global health status

1. Age group 2. Gender
100 100

” 80 80

2 60 g 60

3 40 §

40
2 0 .
0 0

Pretreatment 3 months 6 months Pratisatitisit 3 filsniks & ftonths

<45 W45-59 6+ B Male Female
3. Comorbidities 4. Type of treatments
90
50 50°
g & i
£ % £ 60
e S 5
L5 40 5 ag
© 30 @' 30
20 30
10 ‘1'0
0 0
Pretreatment 3 months 6 months Pretreatment 3 months 6 months
M No comorbidity Comorbidity BCTX BCOTX+RT CTX+surgery
(B) Palliative performance scales
1. Age group 2. Gender
100 100
80 95
0 » 90
5 060 £ 85
& 40 3 80
20 12
% o
0 65
Prefreatment 3 months 6 months Pretreatment 3 months 6 months
W<45 MW45-59 60+ B Male Female
3. Comorbidities 4. Type of treatments
100 100
95
8 5 8 %
35 5
S 80 2 40
B 75 7]
! 20
N D :
65 - 0
Pretreatment 3 months 6 months Pretreatment 3 months 6 months
B No comorbidity Comorbidity BCTX MCTX+RT CTX+surgery

Figure 4 Description of scores for global health status (A) and palliative performance scales

(B) with patients categorized by age group, sex, presence of comorbidity, and type of treatment (N=27)
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Discussion

To date, researchers have tended to
focus on measuring ¢lobal and/or cancer-
specific QOL in patients with cancer, whereas
our participants included various chemotherapy
treatment modalities and advanced-stage
cancer. We also had known that QoL evaluation
has become even important in the care of all
cancer patients'™. A previous study revealed
that cancer treatment is an important
determinant of global QoL in patients with
advanced cancer®. To our knowledge, the
findings of this study focus on measuring QOL
scores in patients with advanced-stage cancer.

In our study, we found various
chemotherapy treatment regimens for
advanced-stage cancer affected multiple QoL
domains. In patients treated with chemotherapy
treatment, there was an increase in the
cognitive and emotional functioning scores,
followed by a slight decrease after 6 months.
Meanwhile, social functioning improved from
pre-treatment to treatment ended. These
results are like those described by Domati at
6-months follow-up®. The values of the
functional scales decreased after 6 months,
indicating a worsening of the QoL. A worsening
of the QoL may not mainly be related to
treatment with chemotherapy, but gender was
the first factor affecting the Qol. Some
previous studies showed that women had
lower physical, social, and psychological QoL

domains®?

.In contrast, colon cancer patients
in men perceived more limitations such as in
carrying out their work, other daily activities,

and social relationships™. Meantime, in some

studies, gender did not affect the quality of
life of the cancer patients™.

Moreover, some previous studies
indicated that increased body mass index
(BMI)*** and perceived stress* were predictive
of deceased QoL and cancer-related fatigue
over time. Increased BMI was also predictive
of worse physical component scores, while
increased perceived stress was predictive of
worse mental component scores of the QolL.
However, we did not study this factor.

Our findings also found that patients
reported large improvements in fatigue and
financial difficulties scores at the end of
treatment. Some cancer treatments may
improve fatigue symptoms. We cannot explain
how the improved financial problem. We need
more investigation.

Although our results showed that
patients with chemo-radiotherapy and
operation combined with chemotherapy had
worse QoL than those with chemotherapy
alone. However, due to the small sample size,
there were many differences in cancer types
and treatments. Therefore, further study is
needed. Various natural clinical progression
of malignancies can affect to burden of disease
and survival.

Furthermore, our results also described
that the mean of PPS2 scores increased from
pre-treatment then minor decreased after
treatment ended. The mean PPS2 scores were
not significantly changed over time in a pattern
like physical function scores and role function
scores. Further, we observed that QoL and

PPS2 in our sample were affected not only by
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chemotherapy treatment modality but also
by patient-specific factors (age, sex,
comorbidity). Therefore, according to these
findings, the recovery time varies depending
on the type of treatment and the characteristics
population studied.

Our study has some limitations. Firstly,
there is limited by small sample size. Second,
there were many different types of cancers.
Therefore, the differentiation of QoL scores
for different types of cancer could not be
analyzed. Thirdly, the authors were presented
only an observation period of 6 months, not
being able to examine the length of the
treatment effect.

Conclusions

Although the functioning scales,
faticue, and financial condition of patients
were improved after chemotherapy. But the
overall quality of life worsened after 3 months
of treatment.
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Effects of Lom-Pa-Kang Steam Inhalation on heart rate variability

in people with stress

Piyaporn Thorajake’, Jintana Junlatat’, Anuchita Wongjun', Onanong Lasa’, Siriprapa Moonta®
'Program of Thai Traditional Medicine, Faculty of Thai Traditional and Alternative Medicine,
Ubon Ratchathani Rajabhat University
“Don Kloi of Tambon Health Promoting Hospital, Mueang Yasothon, Yasothon

Abstract

Stress is one of the factors that cause imbalances in the autonomic nervous system.
The purpose of this research was to study the effects of Lom-Pa-Kang Steam Inhalation (LPKSI)
on the autonomic nervous system function in stressful conditions by measuring heart rate
variability among participants with moderate to severe stress levels. The 60 participants were
divided into two groups of 30 people, consisting of control and LPKSI groups. The participants
in each group received 30-minute of treatments combined with stress stimulation by using
mental arithmetic tasks. The heart rate variability was measured and compared during the
period of pre-treatment, immediately after treatment, and after 10 minutes of treatment. The
study found that after the participants inhaled LPKSI, the low frequency (LF) value decreased
and significantly different from the control group (p-value < 0.05). In addition, the low frequency/
high frequency ratio (LF/HF ratio) decreased immediately after treatment and 10 minutes after
the treatment group (p-value < 0.05). However, no difference was found in LF value and LF/HF
ratio between immediate results and 10 minutes after treatment (p-value > 0.05). This study
demonstrated that LPKSI was effective in altering the heart rate variability of the participants
under stressful conditions. It decreased the activity of the sympathetic nervous system, and
the autonomic nervous system was involved in stimulating the heart to beat faster when the
body is stressed or excited.

Keywords: | om-Pa-Kang Steam Inhalation, stress, heart rate variability, steam inhalation
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RIGLRL 4 au (13.33) e1g21d 13 Ay (43.33)

91y 22 U 14 Ay (46.67)
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Rehabilitation model for patients with chronic lower back pain in the community
using innovative care for a chronic conditions framework

Jirawat Tiwawatpakorn', Pongthep Sutheeravat’, Thaweesak Wongkiratimethawi’,
Sineenart Sukubol’, Yothaka Duangjan’
'Physical Therapy Department, Hat-Yai Hospital
“Institute of Public Policy, Prince of Songkla University

Abstract

The purpose of this descriptive research is to study the guidelines for the development
of a rehabilitation model for patients with chronic lower back pain (P-CLBP) in the community
and applying innovative care for a chronic conditions framework. The key information consisted
of 20 patients and their relatives, 15 health care teams, and 15 community partners. This
qualitative research collected data through in-depth interviews and a discussion group of village
health volunteers. The researchers then drafted a rehabilitation model for P-CLBP and presented
it to experts through the group discussion method. Then, the data were analyzed using content
analysis methods. The results of the study were as follows: at the micro level, it concerns
individuals, patients, relatives, health care teams and community networks. All three sectors
should play the following roles: 1) to create the motivation and drive for rehabilitation of P-CLBP;
2) to prepare and train patients and relatives in terms of skills and gaining knowledge and
information on self-rehabilitation; 3) to reduce the feelings of inferiority among patients; and
to 4) to integrate cooperation in caring for P-CLBP at the meso-level or the level of the family
unit, health organizations and community partners. These roles should be as follows: 1) to
promote network capacity in the community; 2) to promote a continuous patient care system
in the community; 3) to support and motivate through leadership; 4) to mobilize and coordinate
resources in the community; 5) to develop a service system and to prepare for patient care;
and 6) to support prevention and self-management among patients with CLBP and their relatives.
At the macro or policy level of the organization and community, their roles should be as follows:
1) to establish community agreements or constitutions; 2) to formulate joint policies and plans;
3) to promote and support operations; 4) to allocate budgets for the rehabilitation of P-CLBP;
and 5) to develop the expertise of the personnel; and 6) to provide adequate medical equipment
to meet the needs of P-CLBP.

Keywords: rehabilitation model, chronic lower back pain, innovative, chronic condition care
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Factors associated with cervical cancer screening among women aged 30-60 years

in the Taktok sub-district health promotion hospital in Tak Province

Krit Sonkong
Taktok Sub-district Health Promotion Hospital

Abstract

Cervical cancer is the second-most common cancer among women worldwide. An early
cervical cancer screening is essential to help prevent and control cervical cancer. This cross-
sectional analytical study aims to investigate the factors related to cervical cancer screening
among women aged 30-60 years and in the care of the Taktok Sub-district Health Promotion
Hospital in the Bantak district of Tak province. The data were collected by using questionnaires
from the sample group of 378 participants. The associations between the factors related to
cervical cancer screening were analyzed through multiple logistic regression. The results showed
that the factors associated with the cervical cancer screening consisted of marital status (adjusted
OR = 3.37, 95%Cl: 2.03-5.60, p<0.001); history of previous contraception usage (adjusted OR =
1.92, 95%Cl: 1.20-3.07, p=0.006); advice from physicians (adjusted OR = 5.89, 95%Cl: 2.44-14.23,
p<0.001); a moderate level of barrier perception (adjusted OR = 10.03, 95%Cl: 1.24-81.35,
p=0.031); and a low level of barrier perception (adjusted OR = 32.11, 95%Cl: 3.97-259.92,
p=0.001). In conclusion, the factors associated with cervical cancer screening are as follows:
marital status; previous contraception; advice from physicians; and low and moderate levels
of barrier perception. Therefore, the program design for a cervical cancer screening program

should emphasize such factors in order to increase the coverage of cervical cancer screening.
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5. Uadedifianudunusiunisnsisransasusielinungnuessansany 30-60 U 1ng3s Bivariate

analysis
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Human metabolite profiling changes with organic food consumption
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Abstract

Organic food consumption is a growing interest worldwide. The aim of this study is to
assess overall metabolite changes that occur during organic food consumption. The Thai adult
participants were classified into two groups, with a normal or at-risk health status, and then
provided with a diet containing organic foods for 7 and 30 days. Health checkups, including
blood and urine sampling, were performed at 0, 7 and 30 days. The effects on body weight,
body mass index, the basal metabolic rate and zinc concentrations showed significantdifferences
after 30 days. Urine metabolite profiling showed some changes related to human metabolic
pathways. Organic food consumption was associated with higher levels of nicotinamidebeta-
riboside, biliverdin, octadecanoic acid, 2-methyl-1-hydroxybutyl-ThPP, s-adenosyll-homocysteine,
2,3-diketo-5-methylthiopentyl-1-phosphate, fumarate and pyridoxal phosphate and lower levels
of allopregnanolone, dolichyl beta-d-glucosyl phosphate, corticosterone, dehydroepiandrosterone
sulfate, n-carbamoyl-l-aspartate and leukotriene C4. The observed metabolite changes might

indicate the health-related impact of organic food consumption.
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Introduction

Organic food is produced through
agricultural methods that do not use fertilizers,
herbicides and insecticides. Due to their
quality and safety, organic foods are becoming
mainstream for healthy-conscious consumers.
Thailand’s organic food market has grown
rapidly in recent decades and such foods have
long been recognized as a safe. Consumption
of organic foods contributes to maintaining
human health while being environmentally
friendly and has been shown to lower the
likelihood of developing chronic degenerative
noncommunicable diseases (CDNCDs)". In
addition to improving quality of life, healthy
foods may be beneficial by enhancing
physiological homeostasis. For example,
organic foods are linked to health advantages
such as higher antioxidant activity” and a lower
risk of developing cancer’. The total antioxidant
capacity in human plasma has been reported
to change with Mediterranean-style organic
food consumption®.

Biologically active substances in
organic foods are of interest to health
conscious consumers. Organic foods have
been reported to induce higher antioxidant
activity, vitamin C and minerals (magnesium
and phosphorus) levels and lower nitrates and
pesticide residues’. Research has explored
phytonutrients in organic foods, including
carotenoids, flavonoids and other polyphenols.
Endogenous antioxidative systems interact
with diverse reactive oxygen species to
protect against oxidative damage to biological

systems.
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Emerging technologies have enhanced
metabolite identification in diverse biological
specimens including cerebrospinal fluid, saliva,
serum and urine. Metabolites in urine can be
collected passively, noninvasively and
longitudinally, allowing detection and
monitoring of metabolic abnormalities’. Urine
is a rich source of cellular metabolites
including urea, inorganic salts, creatinine,
ammonia, organic acids, water-soluble toxins
and urobilin. These metabolites have been
measured by high-resolution nuclear magnetic
resolution (NMR) spectroscopy and several
mass spectrometry (MS)-based techniques.
The application of liquid chromatography-
mass spectrometry (LC-MS) for identification
and quantification allows metabolic profiling.
This technique is a routine diagnostic method
in the clinical laboratory that assesses all
metabolites in biological samples with high
levels of sensitivity and specificity’.

In recent years the higher concentration
of bioactive agents in organic foods has been
appreciated and studies on their consumption
have increased®™’. However, few studies have
assessed urinary metabolites. We investigated
and compared the effects of organic food
consumption on the metabolism of healthy

and at-risk participants.

Materials and Methods
Study design and participants

The participants for the present study
were identified and recruited through Suan
Sampran company. The inclusion criteria were

to include 1) healthy subjects with no recent
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history of infectious and noninfectious
diseases and 2) subject with at-risk health with
no recent history of infectious and noninfectious
diseases. All subjects were nonsmoker and
normally active. People with psychiatric
disorders were excluded from the study. The
day before the beginning of the intervention,
the subjects fasted overnight (no food after
20:00 hours the previous evening, only water
permitted). The participants first provided
blood and urine samples as described below.
Then, the participants consumed organic food
daily for each meal for 7 and 30 days, and
blood and urine were collected on Days 8 and
31. The organic foods were prepared and
cooked by Suan Sampran company and then
provided to the participants 3 times a day for
7 and 30 days. Dietary record data were used

to assess food intake.

Ethical approval and participants’ content
consent

The Institutitional Review Board of
Mahidol University, Thailand approved the
design of the study and provided ethical
approval number MU-CIRB 2018/127.2706.
Participants were recruited through the
Department of Human Resources at Suan
Sampran. The study was conducted according
to the criteria set by the Declaration of
Helsinki, and each subject signed an informed
consent form before participating in the study.
The participants were free to withdraw their
participation during the intervention or to
withdraw themselves from the intervention

for any reason.

Chemicals

HPLC- or LCMS- grade acetonitrile,
methanol and water were purchased from
Merck (USA). Formic acid of analytical grade
was purchased from Merck (USA).

Blood sample collection

Samples of approximately 4 mL of
venous blood were collected by an
experienced medical technologist on Days 0,
7 and 30. Blood samples were collected
in serum- separating tubes and
ethylenediaminetetraacetic acid BD
Vacutainers (Becton Dickinson (Pty) Ltd.,
Franklin lakes, NJ) for and serum and plasma
acquisition, respectively, according to
standardized procedures.

Fasting blood glucose concentrations
in serum were determined by the hexokinase
method. Creatinine, cholesterol, high-density
lipoprotein cholesterol (HDL-C), thyroid
stimulating hormone (TSH), zinc and gamma-
glutamyltransferase (GGT) in serum were
analyzed with an automatic biochemical
analyzer- the Siemens ADVIAII400 model
(Tarrytown, NY). Cortisol was determined by
an electrochemiluminescence method
[Beckman Coulter’s DxlI 800 Immunoassay
System, Beckman Coulter, Inc. 250 S. Kraemer
Blvd. Brea, CA 92821 U.S.A.]. The serum
samples were centrifuged for 10 minutes at a

speed of 3,000 rpm before the analysis.
Sample preparation
Urine samples were collected from

94 participants after waking up in the morning
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on Days 0, 7 and 30, aliquoted into four 1.5 mL
microcentrifuge tubes and stored at -80 °C
until analysis. Urine samples were thawed at
4 °C prior to analysis. Methanol (500 pl) was
add to every 500 ul of urine. Then, the mixture
was vortexed for 1 min, incubated at -20 °C
for overnight and centrifuged at 13,000 rpm
for 15 min at 4 °C to precipitate the protein.
Five hundred microliters of supernatant was
transferred to a sterile tube and dried under
a vacuum centrifuge concentrator at room
temperature. The dried samples were
reconstituted in 200 pl of 0.1% formic acid.
After vortexing for 1 min, the mixture was
centrifuged at 13,000 rpm for 5 min at 4 °C to
remove fine particulates. The clear supernatant
was transferred to a vial and maintained at
4 °C.

Metabolite profile analysis and data
processing

Then, 150 pl of sample was transferred
toavialand analyzed by liquid chromatography
mass spectrometry. Liquid chromatography
separation was performed using a Thermo
Scientific HPLC Utimate 3,000 system equipped
with a Dionex Utimate 3,000 quaternary pump
delivery system (UHPLC+focused) and an
Acclaim Polar Adventage Il C18 column (3 pm,
2.1 X 100 mm, Thermo, USA). The column
temperature was set at 40 °C. Mass
spectrometry was performed using a Bruker
Compact Mass Quadrupole Time-of-Flight
(Q-TOF) mass spectrometer (Bruker, Germany),

operating in both positive and negative ion
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modes. The mass range was set at 50-1,000
m/z. The nebulizing gas pressure was set at 2
bar, the drying gas flow rate was 8 L/min, and
the drying gas temperature was 220 °C. Before
each run, a calibrant solution of 10 mM sodium
formate was injected. The control of the
instrument and data processing were
performed using OToFcontrol 4.0 and Data
Analysis 4.3 (Bruker Daltonics) software. The
mobile phases were used 0.1% formic acid in
water (A) and acetonitrile modified with 0.1%
formic acid (B). The flow rate was set at 0.4
ml/min. The gradient elution program started
with 1% B to 99% B, with a linear gradient
from 0 to 20 min, followed by isocratic
separation at 99% B for 5 min, reestablishment
of the initial conditions for 25 min, and then
further isocratic separation at 1% B for 5 min.

The raw LC-MS data were imported
to the Profile Analysis software (Bruker,
Daltonics) for processing by the Find Molecular
Features (FMF) peak detection algorithm. After
the data were analyzed with MetaboAnalyst
4.0 software (free access to https://www.
metaboanalyst.ca/) for normalization by using
total ion intensity, a list of interesting features
including the retention time, m/z value, and
normalized peak intensity were taken for
volcano plot construction to identify
discriminatory metabolites before and after
organic food consumption. Statistically
significant differences in mean values were
tested using independent sample t tests, and
p<0.05 was considered statistically significant.
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Metabolite identification

Significantly changed metabolites
were identified using the Human Metabolome
Database (HMDB) (http://www.hmdb.ca/)".

Results
Participant Characteristics

The study included 18 participants
(9 males and 9 females) ranging in age from

30 to 58 years. Most participants had a body
mass index in the overweight range, whereas
449% were in the normal range, and none were
underweight. The basic characteristics of the

participants are summarized in Table 1.

Table 1 Demographic data for each group in the study

Variable Healthy group (n = 10) Risk group (n = 8)
Age 38.90 + 10.50 41.88 + 9.26
Male 5 (50) 4 (50)
Female 5(50) 4 (50)
Systolic blood pressure (mmHg) 116.60 + 8.66 115.60 + 10.88
Diastolic blood pressure (mmHg) 68.00 + 8.34 76.50 + 11.94

Results were expressed as the mean + S.D.

Effects of Organic Food Consumption on
Health Status

The body composition variables
showed significant reductions in body weight,
the percentage of body fat, excess body fat,
the basal metabolic rate, belly fat and BMI
among the healthy group after both 7 and 30
days compared to baseline data. However,
significant differences in body weight, the basal
metabolic rate (BMR) and BMI were found in
the at-risk group after both 7 and 30 days
compared to baseline data. Changes in body
age from 31.80+8.02 to 31.30+8.20 (7 days)
and 30.90+8.80 (30 days) were significant
(Table 2). These changes did not reflect

significant differences in waist circumference.

Interestingly, the cholesterol level
decreased significantly in the at risk-group over
the 30 days of the intervention (214.90+24.22
t0 206.30+26.97 mg/dL, p<0.001). No significant
difference in cholesterol was observed in the
healthy group. Organic food consumption had
no significant effects on serum HDL in either
group. Compared with baseline data, serum
zinc concentrations were significantly higher
at 7 days in both groups and at 30 days in the
healthy group. The mean serum zinc
concentrations in the healthy group at 7 and
30 days were 78.90+14.53 and 80.60+5.81 pg/dL,
respectively, compared to the baseline mean
of 63.10+16.02 ug/dL (Table 2).
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Table 2 Characteristics of participants (healthy group and risk group) with health checkup at

baseline, 7 days and 30 days

Parameter Healthy group (n=10) Risk group (n=8)
Day 0 Day 7 Day 30 Day 0 Day 7 Day 30
Weight (kg) 60.09+9.97 | 63.30+9.80° |63.27+9.78" |64.69+12.02 |64.26+12.11° | 63.93+12.58°
Body Fat (%) 24.78+6.05 | 24.35+6.07° | 24.07+6.66° [30.20+12.13 | 30.54+11.56 | 30.53+11.44
Excess Body Fat (kg) 2.56+2.99 2.26+2.95° 2.10+3.41° 6.89+9.53 7.05+9.07 7.18+9.29
BMR 1,396+239.4 |1,376+232.4° |1,379+231.9° | 1,296+163.4 |1,282+161.2° |1,274+165.3°
Body Age 31.80+8.02 | 31.30+8.2 |30.90+8.80° |41.25+16.55 | 42.13+16.05 | 42.00+15.77
Belly Fat 7.30+3.06 7.00+2.83" | 6.90+2.81° 8.37+3.81 8.62+3.89 8.50+4.11
BMI (kg/m?) 22.96+1.83 | 22.56+1.84° |22.55+1.91° | 25.84+5.93 | 25.65+5.94° | 25.53+6.13°
Waist Circumference (cm) | 81.05+6.67 | 81.25+6.73 | 81.15+6.56 [81.31+10.85 |81.63+11.08 | 81.50+11.45
Glucose (mg/dL) 87.00+6.05 | 91.20+9.53 |90.80+8.53" | 94.25+19.94 | 94.63+16.30 |101.4+17.85°
Cholesterol (mg/dL) 181.5+20.21 | 189.3+21.11 |183.4+23.72 |214.9+24.22 | 211.8+35.85 |206.3+26.97¢
HDL (mg/dL) 52.23+14.13 | 54.91+12.55 [53.55+11.98 |58.79+16.85 | 59.69+16.81 | 56.39+18.54
Creatinine (mg/dL) 0.95+0.24 0.95+0.24 0.91+0.25° 0.75+0.13 0.73+0.14 0.7240.13
TSH (ulU/mL) 1.75+0.93 1.924+0.89 1.95+0.74 1.854+0.78 2.30+0.84° 2.114+0.93
Zinc (pg/dL) 63.10+16.02 [78.90+14.53" | 80.60+5.81° | 71.25+7.48 [83.00+12.96° | 80.63+11.26
Cortisol (ug/dL) 10.24+2.93 | 11.37+3.80 | 11.81+45.34 | 8.69+2.24 9.03+3.35 9.09+3.19
GGT (U/L) 24.00+15.25 | 21.30+11.20 | 17.50+7.32° | 26.00+12.35 |23.25+12.27° | 21.25+10.54
Cholinesterase 8,701+2,154 | 8,833+2,029 [8,502+1,950 |8,850+1,823 | 8,898+1,917 | 8,908+1,498

Results were expressed as the mean + S.D. Significance was assessed by paired t-test using the scientific software
GraphPad Prism. Probability (P) values of less than 0.05 were considered significant. (°<0.05, °<0.01 and “<0.001).

Effect of Organic Food Consumption on
Metabolite Profiles

The effects of organic food
consumption on the urine metabolite profiles
of healthy participants and at-risk participants
at 7 and 30 days showed included significant

metabolite changes in both positive and

J Med Health Sci Vol.28 No.3 December 2021

negative MS modes in each study group.
Notably, the metabolites showed log2-fold
changes > 1 or < -1 in the volcano plots (Figure 1).
In the volcano plots, the pink dots indicate
2-fold or greater decreases and increases in
metabolite concentrations after consumption

of the diet containing organic foods.
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Figure 1 Metabolites abundance changes between day 0, day 7 and day 30. A - B represent
group of intervention healthy in negative and positive mode between day 0 and day 7. C - D
represent group of intervention at risk in negative and positive mode between day 0 and day
7. E - F represent group of intervention healthy in negative and positive mode between day 0
and day 30. G - H represent group of intervention at risk in negative and positive mode between
day 0 and day 30.
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To identify the metabolites, which are
shown in the supplemental tables (Tables
S1-S8), we used the Human Metabolome
Database (HMDB). Interestingly, we found that
some of the metabolites that changed after
7 and 30 days of organic food consumption
were related to the metabolic pathways
shown in Table 3. Participants who consumed
organic food consumption for 7 days displayed
higher concentrations of nicotinamide-beta-

riboside, biliverdin, octadecanoic acid and

2-methyl-L-hydroxybutyl-ThPP but lower
concentrations of allopregnanolone, dolichyl
beta-D-glucosyl phosphate and corticosterone.
Higher levels of S-adenosyl-L-homocysteine,
2,3-diketo-5-methylthiopentyl-1-phosphate,
fumarate and pyridoxal phosphate, and lower
levels of dehydroepiandrosterone sulfate,
N-carbamoyl-L-aspartate and leukotriene C4
were observed with organic food consumption
for 30 days.

Table 3 Metabolites related to metabolic pathways identification based on UHPLC-QTOF-MS

in 7 and 30 days after organic food consumption

Compound Pathway Name Healthy | At-risk
7 Days
Nicotinamide-beta-riboside Nicotinate and nicotinamide metabolism T
Biliverdin Porphyrin and chlorophyll metabolism
Allopregnanolone Steroid hormone biosynthesis i
Octadecanoic acid Biosynthesis of unsaturated fatty acids 0
2-Methyl-1-hydroxybutyl-ThPP Valine, leucine and isoleucine degradation T
Dolichyl beta-D-glucosyl phosphate N-Glycan biosynthesis )
Corticosterone Steroid hormone biosynthesis N
30 Days
S-Adenosyl-L-homocysteine Cysteine and methionine metabolism T
éﬁ;i)ipkét;)j—methylthiopentyt—l— Cysteine and methionine metabolism 0
Fumarate Pyruvate metabolism, Citrate cycle (TCA cycle) T
Dehydroepiandrosterone sulfate Steroid hormone biosynthesis 4
N-Carbamoyl-L-aspartate Pyrimidine metabolism N5
Pyridoxal phosphate Vitamin B6 metabolism 0
Leukotriene C4 Arachidonic acid metabolism b
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83



84

Discussion

The aim of this study was to investigate
the short-term effect of an organic food diet
on the health status of Thai adults. Improved
health is an important benefit of organic food
consumption. A positive dietary pattern
emphasizes the consumption of foods with
higher antioxidants, low pesticide levels, low
levels of toxic metabolites, and reduced
exposure to antibiotic-resistant bacteria. This
study is one of the first to explore the effects
of an organic diet on human health. Accordingly,
we observed health status parameters, such
as slucose, cholesterol, HDL, creatinine, TSH,
zinc, cortisol, GGT and cholinesterase before
and after organic food consumption. The study
participants were from Suan Sampran
company, 55% of whom had a normal BMI.
This study demonstrated that organic food
consumption led to significant changes in
weight, the basal metabolic rate and BMI in
both the healthy and at-risk groups. Similarly,
a previous study showed weight loss and a
change in body composition with a
Mediterranean (Italian) organic diet”. We found
no studies reporting that an organic food diet
is associated with reductions in overweight
status and the risk of obesity or with a reduced
incidence of metabolic syndrome”. However,
our at-risk group showed significantly lower
total cholesterol levels after consuming the
organic diet, which is consistent with a previous
report indicating that organic food consumption
is associated with reducing total cholesterol .
Similarly, multiple studies have reported

evidence that organic food consumption is

associated with a low risk of cancer'®'®. The
impact of organic food consumption on
reducing the risk of various diseases may be
greater in health-conscious consumers. A
recent review of the health benefits of organic
diets concluded that organic food consumption
significantly reduces the frequency of infertility,
birth defects, allergic sensitization, otitis
media, preeclampsia, metabolic syndrome,
high BMI and non-Hodgkin lymphoma'.

One of the major benefits of organic
food consumption is increased antioxidant
concentrations. Consumption of organic foods
for 7 and 30 days resulted in increased zinc
levels. The effects of zinc include maintaining
the homeostasis of biological processes such
as metabolic pathways, cell proliferation,
cognitive functions and immune responses.
Zinc also prevents oxidative stress by inhibiting
free radical formation'’. Although few studies
have compared healthy and at risk-groups in
terms of organic food consumption, some
findings have been demonstrated, including
higher zinc concentrations after organic food
intake and significant improvement of nutrient
levels in at-risk groups.

We prospectively investigated the
association between organic food consumption
and human metabolite profiling at 7 and 30
days. Healthy participants had higher
concentrations of nicotinamide-beta-riboside
and biliverdin after consuming the study diet.
The increased nicotinamide-beta-riboside
concentration is interesting because higher
levels are related to energy metabolism and

neuroprotection'®. Nicotinamide riboside is a
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precursor of nicotinamide adenine dinucleotide
(NAD+) in metabolic pathways such as
glycolysis, the citric acid cycle and mitochondrial
electron transport. Notably, nicotinamide
riboside upregulates SIRT1 and SIRT3
expression, which may contribute to its role
in neurotherapy in Alzheimer’s and Parkinson’s
diseases'’. In addition, nicotinamide riboside
has been shown to prevent hearing loss
through activation of SIRT3?. Biliverdin has
anti-inflammatory effects through suppression
of Toll-like receptor 4 (TLR4) and NF-KB.
Others have shown that biliverdin induces
phosphatidylinositol 3-kinase and AKT (PI3K/
AKT) and increases adipocyte size. Studies by
McDonnell and Mohiuddin elegantly
demonstrated that biliverdin upregulates the
activity of biliverdin reductase with direct
effects on the immune system?'. In addition,
allopregnanolone, which is an active metabolite
of progesterone, possesses neuroactive
properties. In the present study, organic food
consumption was associated with a reduction
in allopregnanolone levels. No report in the
published literature is available on the effect
of organic food intake on allopregnanolone
levels. However, allopregnanolone levels
might be related to the pathophysiology of
psychiatric disorders and cognitive impairment™.
The low levels of allopregnanolone in organic
foods consumed by the healthy participant
group can be hypothesized to be correlated
with serotonin levels. In a previous clinical
trial, Poroma and colleagues demonstrated
that allopregnanolone is associated with the

serotonin system in healthy women?®.
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Additionally, allopregnanolone binding to
GABA receptor A (GABAA) leads to enhanced
GABA action as well as changes in the
hypothalamic-pituitary-adrenal (HPA) axis
response to IL—1B in stressor processing™.

As aresult of organic food consumption
for 30 days in the healthy group, human urine
metabolites, including S-adenosyl-L-
homocysteine, 2,3-diketo-5-methylthiopentyl-
1-phosphate, fumarate, and dehydro-
epiandrosterone sulfate, were found to be
significantly different in our study. S-Adenosyl-
L-homocysteine and 2,3-diketo-5-
methylthiopentyl-1-phosphate are involved
in the cysteine and methionine metabolism
pathways. Alterations in cysteine and
methionine metabolism have been linked to
maintenance of the equilibrium of free radicals
in the human body”. Interestingly, fumarate
is a tricarboxylic acid metabolite associated
with the citric cycle. Fumarate is found with
high levels of succination protein ann high
glucose concentrations during mitochondrial
stress®. However, elevated levels of fumarate
metabolites are associated with oxidative
stress and suppression of the anti-
inflammatory cytokine IL-13 in adipocytes®’.
Dehydroepiandrosterone sulfate (DHEA) has
been reported to have a protective action on
the cardiovascular”® and neuronal signaling”
pathways and to improve physiological and
psychological well-being in elderly individuals.

In accordance with the urine metabolite
results in the at-risk participant group,
octadecanoic acid, 2-methyl-1-hydroxybutyl-
ThPP, dolichyl beta-D-glucosyl phosphate, and
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corticosterone may be targets of organic food
consumption. Octadecanoic, or stearic, acid
are mainly derived from the biosynthesis of
unsaturated fatty acids. The stearic acid
sources used include shea butter, cocoa
butter, and hydrogenated soybean oil.
Although little research has been conducted
on organic food consumption, stearic acids
are known to be involved in cardiovascular
disease™. The present study also found that
2-methyl-1-hydroxybutyl-ThPP increased after
organic food consumption, which is an
intermediate in the valine, leucine and
isoleucine degradation pathways. These
metabolic pathways of branched-chain amino
acids, specifically valine, leucine and isoleucine,
have been studied in various physiological and
pathological conditions®. Dolichyl beta-D-
glucosyl phosphate is an intermediate for
oligosaccharide-lipid synthesis in the processing
of glycoproteins that acts as an efficient donor
of D-glucose residues to lipid-bound
oligosaccharides®. Dolichyl beta-D-glucosyl
phosphate decreases the development of
CDNCDs by lowering plasma cholesterol
levels. Mannan oligosaccharides (MOSs) can
be derived from plant cell wall polysaccharides
and recalcitrant starch. MOSs supplementation
results in amelioration of plasma cholesterol
levels and progression of atherosclerosis™. In
a study by Bouhnik and colleagues, 12 healthy
elderly volunteers were given a diet intended
to change cholesterol metabolism through
consumption of short-chain fructo-
oligosaccharides™. To our knowledge, this was
the first study to demonstrate that low
corticosterone metabolite concentrations

during organic food intake enhanced immune
responses. Together, these results clearly
indicated that organic food consumption did
not significantly increase plasma cortisol levels
in either group. On the other hand, elevated
corticosterone can directly alter immune
activity via genomic and nongenomic
mechanisms®. Supporting this result,
Mediterranean diets including olive oil are
suggested to have several active ingredients
for neuroprotection’. Organic food
consumption for 30 days generated pyridoxal
phosphate in the at-risk group, which is a
vitamin B6 metabolite and cofactor in
neuronal processes”. Dietary intake of organic
foods for 30 days caused pyridoxal phosphate
metabolite changes in the at-risk group. This
metabolite is known to decrease inflammatory
reactions in various diseases™. Leukotriene C4
(LTC4), a trigger of oxidative stress and DNA
damage under ER stress, is implicated in
metabolic diseases and neurodegeneration™.
The finding that organic foods suppress LTC4
production may result in the design of
antioxidative therapies.

In conclusion, organic food
consumption has a substantially impact on
human health and on the environment.
Consuming organic food for 7 days and 30
days has improved physical health, with
changes in some metabolite-related metabolic
pathways. Organic food consumption as part
of a healthy diet might help prevent chronic
diseases. Additional prospective studies are
required to ascertain the relationship between
organic food consumption and metabolic

signaling pathways.
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Diagnostic performance of ultrasonography with ACR TI-RADS in thyroid mass
in HRH Princess Maha Chakri Sirindhorn Medical Center
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Sutthida Sukontha®, Supakkawadee Khumsan?, Irene Yimpornpipathpon®
'Department of Otolaryngology, Faculty of Medicine, Srinakharinwirot University
“Medical Degree Program, Faculty of Medicine, Srinakharinwirot University

Abstract

The current guidelines for the diagnosis and treatment of thyroid mass patients are to
perform thyroid ultrasonography in all cases. The information obtained from this examination
serve as a guideline in the consideration of the fine needle aspiration test and to determine
further treatment of the patients. Thyroid ultrasonography is therefore an important screening
tool for diseases. The objectives of this study are to study the diagnostic performance of using
ultrasound, reported on the ACR TI-RADS system in predicting thyroid cancer, compared to the
pathological results of thyroid surgery. A cross-sectional descriptive study was conducted at
the department of Otolaryngology at HRH Princess Maha Chakri Sirindhorn Medical Center from
1 January 2016 to 31 December 2020. The results were as follows: 128 eligible patients, 107
females (83.59%). The mean age of the patients was 49.62+13.55 years. The thyroid
ultrasonography results were reported according to the ACR TI-RADS system as follows: sensitivity,
specificity, positive predictive value, negative predictive value, and an accuracy of 100 (95%
Cl=89.70-100), 63.80 (95% Cl=53.30-73.50), 50 (95% Cl=37.60-62.40), 100 (95% Cl=94-100), and
73.80 (95% Cl=65.40-81.20), respectively. The incidence of thyroid cancer was 26.56%. In
conclusion, the diagnostic performance of ultrasound was reported based on the ACR TI-RADS

system in terms of predicting thyroid cancer. The sensitivity of the test was 100%.

Keywords: Diagnostic performance, screening test, sensitivity, thyroid mass, thyroid cancer,

ultrasonography
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\Hesagviau (echogenicity), 351 (shape), ¥oU
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A15197 1 N1UUS category $113 American College of Radiology Thyroid Imaging Reporting and

Data System (ACR TI-RADS)"

COMPOSITION ECHOGENICITY SHAPE MARGIN ECHOGENIC FOCI
(choose 1) (choose 1) (choose 1) (choose 1) (choose all that apply)
o Cystic or 0 | e Anechoic 0 |eWider-| 0 |[eSmooth 0 |eNon or large 0
almost point point | than- | point point [ comet-tall point
completely tall artifacts
cystic
e Spongiform| 0 |e Hyperechoic| 1 e|ll-defined | 0 |eMacrocalcification| 1
point | or isoechoic | point point point
® Mix cystic 1 |eHypoechoic | 2 |eTaller-| 3 |elLobulated| 2 |ePeripheral (rim) 2
and solid | point points| than- |points| orirregular |points| calcification points
e Solid or 2 |eVery 3 wide o Extra- 3 | ePunctate 3
almost points| hypoechoic |points thyroid points| echogenic foci points
completely also
solid extension
Add points from all categories to determine TI-RADS level
0 point 2 points 3 points 4-6 points 7 points or more
TI-RADS 1 TI-RADS 2 TI-RADS 3 TI-RADS 4 TI-RADS 5
BENIGN NOT SUSPICIOUS MILDLY MODERATELY HIGHLY SUSPICIOUS
SUSPICIOUS SUSPICIOUS
No FNA No FNA FNA = 2.5 cm FNA = 1.5 cm FNA > 1.0 cm
Followif >1.5cm| Follow if > 1.0 cm Follow if > 0.5 cm

* FNA; fine needle aspiration
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M13199 2 Yayaily nansvieduldssrudgs wazHanesINe1nTulon1edaensIy

General ACR TI-RADS Surgical pathology
. Amount
Information Malignant Benign Malignant Benign

Sex n (%)

Male 21 (16.41) 11 (16.18) 10 (16.67) 5(14.71) 16 (17.02)

Female 107 (83.59) 57 (83.82) 50 (83.33) 29 (85.29) 78 (82.98)

Total 128 (100) 68 (100) 60 (100) 34 (100) 94 (100)
Age Mean+SD 49.62+13.55 47.44+13.73 52.08+13.02 44.79+14.75 51.36+12.72

MnMsANwMANTAAUABANAGS
fi51897URNTEUY ACR TI-RADS lunissiune
uziSeeulnsosd wuwadungu benign (ACR
TI-RADS 1, 2 Uaix 3) 313U 60 318 (Sway 46.88)

WAENUKANGX malignant (ACR TI-RADS 4 uay 5)
T1UIU 68 318 (Seway 53.12) TUavidunusiayngy
wandlumsned 3

M13199 3 NAMTYIARULABIAINAGY UazHANENTINGIINFWLENARLNTTY

Surgical pathology

ACR TI-RADS N (%)
Benign n (%) Malignant n (%)

Benign

1 Benign 0 (0) 0 (0) 0(0)

2 Not suspicious 6 (4.69) 6 (6.38) 0(0)

3 Mildly suspicious 54 (42.19) 54 (57.45) 0(0)

Total benign 60 (46.88) 60 (63.83) 0(0)
Malignant

4 Moderately suspicious 48 (37.50) 28 (29.79) 20 (58.82)

5 Highly suspicious 20 (15.62) 6 (6.38) 14 (41.18)

Total malignant 68 (53.12) 34 (36.17) 34 (100)
Total 128 (100) 94 (100) 34 (100)

lpgKaNSYIIARUEIRNDaINTIENY
MUTEUU ACR TI-RADS luusiagnaunuiosas
ASARNLLST Matl n&y benign, not suspicious
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M15199 4 KaNFYIARUEEIAINNAEY LWSBUTBUNANENTINg1INN1IRTITdemedaensIu

Ultrasound Positive for Negative for Total
Pathology malignancy malignancy
Positive for malignancy 34 0 34
Negative for malignancy 34 60 94
Total 68 60 128

leuvanguansmansvhadudesnnuigs
warNang13Ing1aInnsHIdaduaaIngy fe
natduau (negative) waznaluuan (positive)
mm%@;gamﬂmmqﬁ' 4 YN IATIEINEN1TI
AaudsInNdgafisuiunang 3ine1a1nms
prntudenisdasnssn annsofuInAImIg
addladed anula (sensitivity) Spwag 100,
A (specificity) $ovay 63.80, Tona
funvezdunzifadonansiaduuin (positive

predictive value) $awag 50, Iamaﬁ@ﬂw
srliidunsidauilonansraduau (necative
predictive value) 5988 100, positive likelihood
ratio (LR+) = 2.76, negative likelihood ratio
(LR-) = 0 wagAmLIugI (accuracy) Sovay 73.80
Fawanslun1319l 5 wazwa ROC curve
wansluguil 1 Taefiufilélds (area under

curve) = 0.82

15197 5 sensitivity, specificity, positive predictive value, negative predictive value, positive

likelihood ratio, negative likelihood ratio Wag accuracy ¥84n13¥I1AFULAEIAIINDEN

WU UAURANE15INE11NNNSATIATULLBN9ARENTTU

Parameter % 95 % Confidence interval
Sensitivity 100 89.70 - 100
Specificity 63.80 53.30 - 73.50
Positive predictive value 50 37.60 - 62.40
Negative predictive value 100 94 - 100
Positive likelihood ratio (LR+) 2.76 2.11 - 3.62
Negative likelihood ration (LR-) 0 -
Accuracy 73.80 65.40 - 81.20
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1.00
y
»

Sensitivity
0.50 0.75

0.25

0.00

0.00 0.25 0.75 1.00

0.50
1 - Specificity
Area under ROC curve = 0.8151

;nlﬁ 1 W@ ROC curve wagiuinlalag (area under curve)

nmsdnwiinugURnsasswedlnsesd  (Sesay 73.44) uaniluuwe (malignant) 34 18
Sovaz 26.56 lauNany1sinennnITHIGn  (5ouaz 26.56) TgaviduANang I LsazYiia
Wureuneulnsesanluilyugise (benign) 94 518 uanslunisned 6

A15199 6 N13I1YNUKNANYITINYINTULLENIFRLNTTU

Surgical pathology Amount %
Benign histology
Nodular goiter, Goiter 40 42.55
Multinodular goiter 37 39.36
Colloid goiter 7 7.45
Adenomatous goiter 4 4.26
Follicular adenoma 2 2.13
Nodular goiter with chronic non-specific 2 2.13
Follicular adenoma with chronic non-specific lymphocytic thyroiditis 1 1.06
Chronic non-specific lymphocytic thyroiditis 1 1.06
Total 94 100
Malignant histology
Papillary thyroid carcinoma 32 94.12
Follicular thyroid carcinoma 1 294
Medullary thyroid carcinoma 1 294
Total 34 100

J Med Health Sci Vol.28 No.3 December 2021




anUsIuNa
fheiindnefousienlnsoummdgEnm
szdosusnindufoudililduzse viaiduuwde
vastenlnsoss iosduunmdaznsiadelnsoss
shendudsannudgduifinennse ! eusyii
AudssiiasinuzSeieulnsess uagfinnsan
N38IR339N1560120 A AN wazfiansan
nms¥nwliesely
NM35189UNANIIATIR NN TOYAA Y
pdudssmnuigdlutiagtiuivansszuu Tnglums
Anenildensnedimussuuues Committee of
the American College of Radiology Thyroid
Imaging Reporting and Data System (ACR
TI-RADS)” iffesnniduszuuiilfeenaunsvans
Tutlagdu® nnismumusgradussuunuin
ACR TI-RADS fianailadiunnnin ATA guideline™®
fimsfnuinunimnuaenndossrnagssdiugs
fidnanaluazilomangtasaliidunzisa de
wanyaluaugs” uazlussuuldlugudnisunme
AULINTZNNTAUIIVGAN FNUUTUIIVNS
PNNANMSANINUINIATIIROUIVITOLR
shemdudssmuiigainmnganiiagianld
Huedesdiefnnsas (screening test Tunsdnnses
uziissienllnsesd lugilhefiunmerfousiesnsess
ilesandiannahiigs (Fevaz 100) uazdsdian
TomafiftheagliidunyiSaslonansiaduauiige
($oway 100) AmauhinnisAnuaenndesiy
nsAnwIes Li W wazaug U 25641 0unsane
meta-analysis Anwin1sasIaneulnsesnsy
ﬂ?iul,?ismmmﬁq&ﬁsammﬁaulmawﬁq 21,882
fou wan1sAnwmuindaiaulesay 89.00
wazagUran1AneIIN1snsIaseulnseuine
AAUALSANAGILATTIBUNATY ACR TI-RADS
Wuwadeadledidaiulaia Tunislddnnses
fousoulnsesdifiedesnsianzgaseidudn

9 |

fauausndu’® asAnelulszinalneny
N15AN®IY9Y ARST U 2564 An®In1INTIQ
seulnsosdsondudsnudigaazseauNa
8 ACR TI-RADS 9117 180 518 wuA1awla
Sovar 92.90" FsoglumilindiAsefunisdnmil
winsAnwdnanIsuiieuiuiuienldan
N9R1ZAARILLTILAN Fauanansanmsaneil
fiBauiouiiu eold standard fiiunane$inen
Mnduiionsfasnssuainmsidio

TunsAneinuinnsasaadeslnsess
thendudesmsigadimaudumeiin Govas
63.80) warAlomaiiieazJunzidailonansia
Fuwansh Goay 50) satiu msasasionlvsesd
ﬁwﬂﬁmﬁmmmﬁqﬁﬂiﬁmmxﬁwﬁﬂlﬂiﬁfﬁﬂu
\m3pailolun1sns19389de (diagnostic test)
Tumsidadonzifsienlnsesdlugiaefiunde
fousoulnsossd aonadefuuuImafoanld
ﬂ?{ulﬁwmmﬁgﬂumié’mﬂim warlinisianzee
medudnlunisitdades! TngainaisAnenves
aayiand uazamy U 2563 fununlan me
WIANINYT guInITUNNg duifanssnninu
FIVEAA1 ALNUUTUIIYNUT NUIINSAERAME
Fudniitouseulnsessiimainus g Sevas
93.20 Temafitheazifunzidadlonanmaiduuan
Jovay 79.50 waymuLNug Sesay 84.90
Fefu TumaufoRagasradnnsedtasfiundae
NousaulnsaennIun15AsI9R LN A Y
paudsanige wasdUaefifinnandesiigeas
nsnsanitademenisianzgaimedudnsely

nswWSeuiisuauaansalunisitany
(diagnostic performance) yoen15hmdudes
ANudge M5189uNARINSEUY ACR TI-RADS
TunsvineuziSweulnsesaiunsAnwneunin
wanslumsnad 7

J Med Health Sci Vol.28 No.3 December 2021




A13197 7 Arwausaluni1sitdady (diagnostic performance) vain1sldaduidssninuiys
75189URaAINTTUU ACR TI-RADS nsvhueuziseweulnsesdlunsiinwinewnin

AMsANENVBY U w.a. Sensitivity ~ Specificity PPV NPV Accuracy

msanwlulszwndlne
Phuttharak'’ 2562

Observer 1 75 58.3 34 89.1 62

Observer 2 79.2 56 339 90.4 61.1
Harmontree" 2564 92.9 72.3 22 99.2 73.9
msane luatsszmne
Wang et al.” 2560 97 73.2 72 97.2 83.1
Singaporewalla et al.”' 2560 70.6 90.4 - 93.8 83
Zhang et al.”? 2561 86.9 64.1 62.9 87.5 -
Zheng et al.” 2561 99 43.4 42.7 99.1 60
Grani et al.** 2562 83.3 56.2 12.8 97.8 -
Ahmadi et al.” 2562 78.4 73.2 52.3 90 -
Ruan et al.”® 2562 96.7 773 73.3 97.3 84.9
Gao et al.”’ 2562 81.6 79.7 88.7 68.9 80.9
Miao et al.”® 2563 89 89.9 93.2 84.1 -

Tnensasraneulnsessaeaiudes
mmﬁ'qqdau%sdwammilmz@mﬁwL%mﬁﬂ
fifeusaulnsossdinelusnduld munaves
NaNISANE 1WU N1SAN®IU8Y Dighe M Lag
Az” N13ANYIOY SUNJ wazanzy™ Lagns@nu
¥84 Leni D waganiz® (Judy

SovavnsiausSeluniasnguueinis
ﬁm?iuL?{&qumﬁqqﬁiwmummzuu ACR
TI-RADS WiewUSeuiisutiunisineves Tessler
warAuy 1891 5egarmsiiauziSelu ACR
TI-RADS ngu 1 uag 2 (benign uag not
suspicious) liAasiiuSesay 2, ACR TI-RADS 3
(mildly suspicious) 5owaz 5, ACR TI-RADS 4
(moderately suspicious) Sz 5-20 waz ACR
TI-RADS 5 (highly suspicious) pg13taeFaeas 20
Tnenaanmsinwiinudosasnsifnuzidnas

benign, not suspicious Lag mildly suspicious

J Med Health Sci Vol.28 No.3 December 2021

Sowag 0 @ungu moderately suspicious Segay
58.82 uagngu highly suspicious Seuay 41.18
Fseglunasinumsdnuneunth
msfnuniinugtimsniusSwienlnsens
TugUheiiunsiedeusoulnsesdiesas 26.56
(34 5989110 128 318) siainmsfinuludsemelne
roumihidnumInTasenlnsesddeedudes
ANUAgILAYTIBILURARIY ACR TI-RADS g
n1sRnwIvedadss U 2564 wuglURnisaluzisa
soulnsond Sevay 7.80" uarnAN¥IT0I89RT
U 2562 wugthnisaluzswoulnsesdsesay
12.70* IngviaoansfinyAtadeumsuionlnsons
9INNSIgaEdLan daugURnisaluzs
doulnsesdlugvisiudedeuseslnsond
TunsAnwinslssimanenudosay 5-15°° &
dawlngitadouziSwenlvsesdainnisaizen
Fefudnauiu fafu auveivhligtinisal

|99




100

wziSweulvseedlufihedeusaulvsesslunis
ﬁﬂmﬁﬁmqqmqmﬂmﬁﬁﬂmﬂ'awﬁﬂ e
msitadeuziSwienlnsesdlunsinuiifdese
MnNaNESIenantuionefasnssuannnis
s et T timsainae
Tunsfnwiiiaedesldsunsindin Sagvaedd
Foudlunsrndesnazdimnudsdumsiduusde
ﬁgﬂﬂ’j%ﬁl’e}L‘IJ%EJ‘ULﬁEJUﬁUE:J:‘IIJ’JHﬁﬁmm@lﬂﬂumi
HugSeifiondennissnwsnenisinsueinis
Tngldlasunisuadn

udoamsdnwilie nmaUieuidioy
msnadeslnsesdsnendudesnuigs fu
gold standard Adunawesimenanuilena
Fapnssuann1stindn Fadu definitive diagnosis
AfANuwiugmnnImanIszgadefadn
Y9911ATINITANEY A N15I1BUNAAIY ACR
TI-RADS vasssdunndonaiendlalunsalfifnng
MNMsegameduinvesieuseulvsesiuas
NTIUNANYITINYINBUNSYINNIATIaReNsoyn
emdudsInuigs Lesanuszianmsanm
Junsfnulaeiiudeyadounas (retrospective
study) 3elalanansomueuiladoilld oghdlsfnu
wuIneN1sSnwUieneudeulnsesazdes
dwmmandudsinuigaieuiiozionsanyiins
LZRARIELTILAN oy Tedesitaznsiuna
WeFINYWBINTAAMILTIENNBUNIINTIA
fhnaudssuigs dedrinsionnde 1Huns
AnwiianTuuriaiien (single center study)
wan1sAnuagiludsegndldfuaniudug 1¢
maLmammmﬂmmaﬂiﬂiﬂammﬂumiﬂﬂmu
\losanaArauyndiunnsiaagyinlinasiaiu
fathu msenwsslumnidunsinuvaneaandu
(multicenter study) 1% vinlulguselovdla
WNDeTY

dyuna

nsAnwIANEILITalUN1TINARNE Y
nsldmaudssnnuigs Tnesonunanuszuy
ACR TI-RADS TunisyiruneusiSenaulnsess
TaglUSeulfiguiunanensineg13nnn1sH6n
soulnsesanuanulveInsnageusesay 100

AnfnssudsznA

VOUNTEAN HYIUANENTINTY AT,
WgUNNERARNeY AsauyIal N1ATYLIYAIERS
Uoeiuuazdenl ANSLANEAERS UNIINEIRY
Asunsunsilsn AlWAUSnwInIesIuads way
youRaud i usunlan Ao WIANINET Waz
W finrssdeu AUENITUNNSAUATN TN
$AUTITEANY @BIUTUTIBNUT Naviaudld
gaemde wavddiusiulunisvinldnisided
duSamen

LONEI581989

1. Bartolotta TV, Midiri M, Runza G, et al.
Incidentally discovered thyroid nodules:
incidence, and greyscale and colour
doppler pattern in an adult population
screened by real-time compound spatial
sonography. Radiol Med 2006;111:989-98.

2. Reiners C, Wegscheider K, Schicha H, et al.
Prevalence of thyroid disorders in the working
population of Germany: ultrasonography
screeningin 96,278 unselected employees.
Thyroid 2004;14:926-32.

3. Russ G, Leboulleux S, Leenhardt L, et al.
Thyroid incidentalomas: Epidemiology,
risk stratification with ultrasound and
workup. Eur Thyroid J 2014;3:154-63.

J Med Health Sci Vol.28 No.3 December 2021




10.

11.

Guth S, Theune U, Aberle J, et al. Very
hish prevalence of thyroid nodules
detected by high frequency (13 MHz)
ultrasound examination. Eur J Clin Invest
2009;39:699-706.

LUH. Clinical practice: The thyroid nodule.
N Engl J Med 2004;351:1764-71.

Mandel SJ. A 64-year-old woman with a
thyroid nodule. JAMA 2004;292:2632-42.
Choi YJ, Park YL, Koh JH. Prevalence of
thyroid cancer at a medical screening
center: Pathological features of screen-
detected thyroid carcinomas. Yonsei Med
J2008;49:748-56.

Davies L, Welch HG. Current thyroid
cancer trends in the United States. JAMA
Otolaryngol Head Neck Surg 2014;140:
317-22.

Rahbari R, Zhang L, Kebebew E. Thyroid
cancer gender disparity. Future Oncol
2010;6:1771-9.

Tangjaturonrasme N, Vatanasapt P,
Bychkov A. Epidemiology of head and
neck cancer in Thailand. Asia Pac J Clin
Oncol 2018;14:16-22.

Haugen BR, Alexander EK, Bible KC, et al.
2015 American thyroid association
management guidelines for adult patients
with thyroid nodules and differentiated
thyroid cancer: The American thyroid
association guidelines task force on
thyroid nodules and differentiated thyroid
cancer. Thyroid 2016;26:1-133.

J Med Health Sci Vol.28 No.3 December 2021

12.

13.

14.

15.

16.

17.

Tessler FN, Middleton WD, Grant EG, et al.
ACR thyroid imaging, reporting and data
system (TI-RADS): white paper of the ACR
TI-RADS committee. J Am Coll Radiol
2017;14:587-95.

Li X, Hou X-J, Du L-Y, et al. Virtual touch
tissue imaging and quantification (VTIQ)
combined with the American college of
radiology thyroid imaging reporting and
data system (ACR TI-RADS) for malignancy
risk stratification of thyroid nodules. Clin
Hemorheol Microcirc 2019;72:279-91.
Wongwattana P, Siangsung T, Bhuripongrat
N, et al. Diagnostic accuracy of fine needle
aspiration in thyroid mass in HRH Princess
Maha Chakri Sirindhorn Medical Center.
J Med Health Sci 2020;27:112-22.

Leni D, Seminati D, Fior D, et al. Diagnostic
performances of the ACR-TIRADS system
in thyroid nodules triage: A prospective
single center study. Cancers (Basel)
2021;13:2230.

Mistry R, Hillyar C, Nibber A, et al.
Ultrasound classification of thyroid
nodules: A systematic review. Cureus
2020;12:e7239.

Phuttharak W, Boonrod A, Klungboonkrong
V, et al. Interrater reliability of various
thyroid imaging reporting and data system
(TIRADS) classifications for differentiating
benign from malignant thyroid nodules.
Asian Pac J Cancer Prev 2019;20:1283.

101



102

18.

19.

20.

21.

22.

23.

24,

Li W, Wang Y, Wen J, et al. Diagnostic
performance of American college of
radiology TI-RADS: A systematic review
and meta-analysis. AJR Am J Roentgenol
2021;216:38-47.

Harmontree S. Accuracy of ACR-TIRADS
in assessment and diagnosis of thyroid
nodule in Sena hospital, Ayutthaya
province. J Med Public Health 2021;4:
28-39.

Wang Y, Zhang Q, Ran H. Comparison of
American college of radiology and Kwak
thyroid imaging reporting and data system.
Chin J Med Imaging 2017;25:881-4.
Singaporewalla R, Hwee J, Lang T, et al.
Clinico-pathological correlation of thyroid
nodule ultrasound and cytology using the
TIRADS and Bethesda classifications. World
J Surg 2017;41:1807-11.

Zhang Y, Xu T, Gu J, et al. Effectiveness
evaluation of the thyroid imaging report
and data system proposed by American
radiological society (2017)(ACR-TIRADS) for
differential diagnosis in thyroid nodules.
Chin J Ultrasonography 2018:505-9.
Zheng Y, Xu S, Kang H, et al. A single-
center retrospective validation study of
the American college of radiology thyroid
imaging reporting and data system.
Ultrasound Q 2018;34:77-83.

Grani G, Lamartina L, Ascoli V, et al.
Reducing the number of unnecessary
thyroid biopsies while improving diagnostic
accuracy: Toward the “right” TIRADS. J Clin
Endocrinol Metab 2019;104:95-102.

25.

26.

27.

28.

29.

30.

31.

Ahmadi S, Oyekunle T, Scheri R, et al. A
direct comparison of the ATA and TI-RADS
ultrasound scoring systems. Endocr Pract
2019;25:413-22.

Ruan J-|, Yang H-y, Liu R-b, et al. Fine
needle aspiration biopsy indications for
thyroid nodules: Compare a point-based
risk stratification system with a pattern-
based risk stratification system. Eur Radiol
2019;29:4871-8.

Gao L, Xi X, Jiang Y, et al. Comparison
among TIRADS (ACR TI-RADS and KWAK-
TI-RADS) and 2015 ATA guidelines in the
diagnostic efficiency of thyroid nodules.
Endocrine 2019;64:90-6.

Miao S, Jing M, Sheng R, et al. The analysis
of differential diagnosis of benign and
malignant thyroid nodules based on
ultrasound reports. Gland Surg 2020;9:653.
Dighe M, Kim J, Luo S, et al. Utility of the
ultrasound elastographic systolic thyroid
stiffness index in reducing fine-needle
aspirations. J Ultrasound Med 2010;29:
565-74.

Sun J, Cai J, Wang X. Real-time ultrasound
elastography for differentiation of
benign and malignant thyroid nodules.
J Ultrasound Med 2014;33:495-502.
Suttawas A. ACR TI-RADS classification
in predicting thyroid malignancy at
Prachuapkhirikhan hospital. Reg 4-5 Med
J2019;38:84-92.

J Med Health Sci Vol.28 No.3 December 2021




UNALANEY Original Article

v

AUFUNUSVBINITVEILAIVDMNTIDNUAL YD IARENTIANNUATUENTFUA WA

dfiaen ngwann3ealns nuadssas Ruaw lafan yyAdas Wausnid amshadui
30 WuseA Wsan wvsASeu 9asd Yiuasalde
a1vmenmU1dn anzn1enmUIln WInedeATuATUNTILw

Received: July 14, 2021
Revised: November 25, 2021
Accepted: November 29, 2021

UNANED

nsinn1svenefvemsrendnlylun1snsnausziiusanmeneratn winsANEIAMUEIRLS
sewhamsuenefwemseniuassamwlendalitos mafnwiadilid nguszasdiiiomauduius
sEWiNNsveIeivemINenuazTIvissiuanssanmusaluifguand uazairsaunisinne
ANANIIANINUBNIINAINTVENEFMIVBINTHNONUAZYTNTY TngonanadlnsaunImAlasunsinnsvenesi
VDINTNBNTLAUIILS SeAunTIen wazseauvios Ineldamein uaeneaeuaussanmlen mAmnUsinsgean
gesormeafiduseninensvelaiwasusadud (FVC) LLasmﬂ'%mmmaﬂammﬁgﬂ%’uaaﬂiuﬁmﬁLLiﬂ
gaan1svelaoanaeTiniassadui (FEV)) 19adi@ Pearson’s correlation coefficient (r) lunns
NAROUANNANNUSURINTVLFITRIMTNBNLazTIBInUAaLTTan Uen wazldads multiple linear
regression TUNTAENANTINUNEATENTIONNUDAINAINITVIURIVDINTWONUAZTIVIDY NAN1IANE
WU Trunaeisnuu 119 au 1uwie 56 auuasnd 63 AU N15UE18AIVBINTHONTEAUTNLS
fpuduiusiBsuinegltdediAgyneadfiu FVC (r=0.229, p<0.05) N59E18RIT0995190NTZAY
92990 AAnudiusBsuinegnlitvdAgneanaiu FVC wag FEV (r=0.307, p<0.01 @z r=0.353,
p<0.01 MUEWU) wazgnsvenefvemssenseduvies hiflauduiusiu FVC uag FEV laaunns
TunsviuemaussannUonanAIn1suenefvemIenLastieies fai FVC (%predicted) =
87.18 + 1.86 Thoracic cirtometry (r=0.307, r’=0.094, p<0.001, SEE=10.70) FEV, (%predicted) =
87.519 + 2.147 Thoracic cirtometry (r=0.353, r’=0.125, p<0.001, SEE=10.55)

ANEALY: NTVLIYHIVDINTIDNWALYIVIBY AUTTONINUBA NITVITUILAN

AHwusUszau:

dfiaen ngwauniedlns

avnenmUttn AugneamUutln annInedeasuesunsilsa
63 vy 7 fiuaesning e1neesnsny Swmiauasuien 26120
diua: sukalya@g.swu.ac.th

J Med Health Sci Vol.28 No.3 December 2021 103




104

Correlation with thoracoabdominal mobility with pulmonary function

in healthy individuals

Sukalya Kritsnakriengkrai, Kamonwon Ngoenngarm, Sopida Boonkamyuang, Phatnarat Artornkijawat,
Jularat Poonnarong, Phontita Phetseengam, Aissaree Paveensornchai
Division of Physical Therapy, Faculty of Physical Therapy, Srinakharinwirot University

Abstract

Chest wall mobility is commonly used for evaluation in clinical practice, but research
of the correlations between thoracoabdominal mobility and pulmonary function are limited.
The objectives of this study were to investigate the relationship between thoracoabdominal
mobility and pulmonary function in healthy adults, and to create an equation for predicting
the pulmonary functions of the thoracoabdominal mobility measurement. All of the healthy
participants measured the axillary, thoracic and abdominal cirtometry using cloth tape. Forced
vital capacity (FVC) and forced expiratory volume in one second (FEV,) were measured to
determine pulmonary function. The Pearson’s correlation coefficient(r) was used to evaluate
the correlation between thoracoabdominal mobility and pulmonary functions. Multiple linear
regression was used to create the equation to predict pulmonary function. There were 119
participants, with 56 males and 63 females. The results revealed that axillary cirtometry was
significantly positively correlated with FVC (r=0.229, p<0.05) and thoracic cirtometry was
significantly positively correlated with FVC and FEV, (r=0.307, p<0.01 and r=0.353, p<0.01,
respectively). The equations to predict the value of pulmonary function were as follows:
FVC (%predicted) = 87.18 + 1.86 Thoracic cirtometry (r=0.307, r*=0.094, p<0.001, SEE=10.70),
FEV, (%predicted) = 87.519 + 2.147 Thoracic cirtometry (r=0.353, r’=0.125, p<0.001, SEE=10.55).

Keywords: thoracoabdominal mobility, pulmonary function, predicting
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Total (n=119) Male (n=56) Female (n=63)

Mean SD Mean SD Mean SD
Age (year) 45.03 16.42 44.88 16.25 45.17 16.70
Weight (Kg) 64.25 13.37 71.67 12.59 57.64 10.27
Height (cm) 161.87 9.03 168.75 6.66 155.76 5.92
BMI (kg/m?) 24.48 4.38 25.20 4.12 23.84 4.54
SBP (mmHg) 122.20 14.39 126.66 11.93 126.66 15.29
DBP (mmHg) 78.31 10.69 81.07 10.34 75.86 11.50
Heart rate (bpm) 71.37 12.72 74.86 13.21 79.6 11.93
FVC (%predicted) 95.67 11.44 94.96 11.84 96.25 11.17
FEV1 (%predicted) 97.15 11.27 98.50 11.26 95.94 11.24
Axillary cirtometry (cm) 4.37 1.45 4.27 1.52 4.46 1.38
Thoracic cirtometry (cm) 4.49 1.85 4.84 1.77 a.17 1.88
Abdominal cirtometry (cm) 3.66 1.53 4.19 1.62 3.19 1.27

BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure
FVC: Forced vital capacity, FEV: Forced expiratory volume in one second
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Factors associated with stunting among hilltribe pre-school children
in Thailand

Dararat Sroywong, Jukkrit Wungrath, Aksara Thongprachum
Faculty of Public Health, Chiang Mai University

Abstract

Pre-school children (0-5 years) are undergoing rapid changes in physical, mental, social,
emotional, and intellectual age. Such changes are the result of hereditary and environmental
factors during the period of pregnancy and post-birth. If stunting occurs in pre-school children,
it can have negative influences on both short-and-long-term health. The research objective was
to study factors associated with stunting among hilltribe pre-school children in Mae Chaem
District in the Chiang Mai Province. The study was a cross-sectional analytical study conducted
between July to October 2020. The sample consisted of 170 hilltribe children aged between
3-5 conducted from July to October 2020, using primary data from the secondary data on
children aged 3-5, who were measured in terms of height and recorded from seven healthcare
facilities from October to December 2019. The research tool were structured interviews with
closed-ended questions, which was used to interview the parents of these children and to test
the quality of the tool. The content validity index (CVI) was 1, and the Cronbach’s alpha
coefficient was 0.85. The statistical tools for analysis included descriptive statistics and logistic
regression analysis. The results of the research were as follows: the maternal factors consisted
of height, ethnicity, and exposure to secondhand smoke from family members while pregnant
and exposure to secondhand smoke from family members after childbirth and during
breastfeeding. The factors related to the children consisted of the consumption behavior of
children from six months to two years and drinking cow’s milk. The results of the study can be
applied to plan solutions of stunting issues in children by organizing health promotion activities
or formulating policies to drive the cooperation of public health agencies, provincial administrative
organizations, educational institutes, and the public sector for an appropriate implementation

of the health enhancement among pre-school children.
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Introduction

Pre-school children, aged 0-5 years,
are undergoing rapid changes in physical,
mental, social, emotional and intellectual age.
Such changes are the result of hereditary and
environmental factors during the period of
pregnancy and post birth.! The United Nations
(UN) has established Sustainable Development
Goals (SDGs), the goals evolved from the
Millennium Development Goals (MDGs) to
address global population problems and
improve the basic quality of life of the
population by considering various dimensions
of the issue. It is the Sustainable Development
Goals (SDGs) source comprising 17 main goals
and 169 goals, which are set to achieve by
2030.2 By 2025, the international agreement
must be reached on stunting and wasting in
children below 5 years old.”

The Ministry of Public Health has
therefore constructed an operational framework
that is aligned with the SDGs and has set
Objective and Key Results (OKRs) by specifying
pre-school children to have less than 10% of the
stunting state. In addition to meet international
standards, Thailand has adopted the 2006
World Health Organization Growth Criteria for
newborn children until 5 years in the male-
female growth curve.* Likewise, the growth
assessments were performed every 3 months,
thus Thai children had desirable characteristics
of being healthy children and complete growth
according to the 3 standard criteria: weight-
for-age, height-for-age, and weight-for-height.’

According to the Thai Health survey,

it was found from physical examination in the

years 1995, 2001, 2008-2009 and 2014 that
stunting of children was at 9.7%, 6.3%, 5.3%
and 5.7%, respectively®. The 4" Thai Health
Survey’ (2008-2009) reported that children
aged 1-5 years had a lower prevalence than
the criteria by 6.3%; likewise with the 5 report
on 2014, they had a shorter prevalence than
the criteria by 5.7%.° According to the situation
of children and women in Thailand 2005-2009,
2012, 2015-2016, the prevalence of nutritional
status was found in below 5-year-old stunting
children of 11.9%, 16.3% and 10.5%,
respectively.’

When analyzing pre-school children’s
stunting data in the province for the past
5 years from 2015-2019, it was found that
Chiang Mai Province had 16.7% of children
aged 0-5 years with stunting at 16.7%, 16.0%,
14.8%, 15.9%, and 21.1%, respectively.'’ Mae
Chaem District is mostly forest and mountainous
area located in a valley away from prosperity,
120 kilometers away from Chiang Mai
downtown. With 20% hillside flat area, it is
hard to travel and with only 10% of flat area
by having 7 sub-districts and 104 villages. The
population includes both local and ethnic
people: Karen, Hmong, and Lua. The main
occupation is agriculture. For the past 5 years
from 2015-2019, it was found that there were
children aged 0-5 years with stunting at 17.49%,
16.6%, 13.0%, 22.2% and 30.6%, respectively,
which was higher than the average of Chiang
Mai Province and tended to be higher in the
future.”® Moreover, the situation of school
children (aged 6-14 years) was found stunting
at 9.2%, 12.0%, 14.4%, 10.8% and 11.9%
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respectively, which they ultimately become
small and short adults. Various factors
contribute to pre-school children’s stunting;
moreover, in Mae Chaem District, there was
no official report on pre-school stunting
children issue.”® Causes and factors were not
particularly studied in the area. Therefore, the
researchers were interested in studying the
factors associated with the stunting of the
hilltribe pre-school children in Mae Chaem
district to understand the context of the area
and recognize the causes of children stunting.
The data obtained were used to analyze the
growth situation of pre-school children to plan
solutions in short-term problems and formulate
policies to drive cooperation of public health
agencies, provincial administrative organization,
educational institute, and public sector for an
appropriate implementation of the health

enhancement in hilltribe pre-school children.

Materials and Methods

The study was a cross-sectional
analytical study conducted from July to
October 2020. The sample consisted of 170
children aged 3-5 years had their height
measured and recorded at health care facilities
in 7 districts from October-December 2019.

Table 1 Population and sample

Population and Sample

The population of the study included
1,502 hilltribe children aged 3-5 years.

The sample size was obtained by
calculating the Wayne formula'' and preventing
the loss of the sample. It was calculated an
additional 10% for 170 people.

N(Z )" P(1-P)
(N-1)d*+(Z )" P(1-P)

n =

by n = Sample size

N = Population size

p = The proportion value of stunting
children from 482 children aged 3-5 years
(p=0.32)

d = The approximation accuracy is
0.07.

Z,, = The standard value under the
normal curve is 1.96.

Purposive selection was applied
within subdistricts from children aged 3-5 years
old, there were 3 places in high prevalence:
71.3% in Pang Hin Fon subdistrict, 36.7% in
Mae Nachon subdistrict, and 30.5% in Ban
Thap subdistrict. To perform simple random
sampling, compute the sample percent of
each district that all sample units have the

same probability as shown in Table 1.

Subdistrict Population (person) Sample (person)
Pang Hin Fon 268 52
Mae Nachon 384 74
Ban Thap 226 a4
Total 878 170
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Inclusion criteria

1. Children aged 3-5 years old who
have parents that can provide detailed
information about the child.

2. Children and their parents who have
stayed in Mae Chaem more than or equivalent
to 1 year.

3. Children who do not have genetic
stunting, including Terner syndrome and
Skeletal dysplasia.

4. The parents of the child who
are sound-minded, able to communicate and

understand Thai language, agree and voluntarily

participate in research project.

Exclusion criteria
Children with chronic malnutrition,
bone diseases, pituitary gland disease such as

pituitary tumors.

Ethical considerations

This study was approved by the Ethics
Committee of Faculty of Public Health, Chiang
Mai University (ET018/2563). The informed
consent was obtained from patients or a

person legally responsible for each patient.

Research instrument

A structured interviewing form with a
close-ended question, which the researcher
created and developed by literature review.
Calculated Content Validity Index was 1.00.
The reliability was tested with the Cronbach’s
coefficient and delivered total reliability of
0.85.

Statistical analysis

The personal data analysis was
descriptive statistics, frequency, percentage,
mean, and standard deviation. Logistic
Regression Analysis was analyzed to test the
factors associated with stunting among hilltribe
pre-school children.

Results
General information of parents sample
Most of the samples were female 79.4.
Having maternal relation with the child was
79.4%. Having a marriage status was 91.8%.
Family income < 5,000 baht per month was
71.2%. Mostly were Karen ethnic group as
72.4%. Mother is 97.6% greater than or equal
to 145 centimeters. They had a lower
secondary education level of 32.9% and most
worked in agriculture filed was 79.4.
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Table 2 General information (n = 170)

General information Amount (person) Percentage
Sample’s gender
Male 35 20.6
Female 135 79.4
Relationship with children
Father 35 20.6
Mother 135 79.4
Status
Single (married without registration) 13 7.6
Married 156 91.8
Separated 1 0.6
Monthly family income
Below 5,000 baht 121 71.2
5,001 - 10,000 baht 34 20.0
10,001 - 15,000 baht 6 3.5
15,001 - 20,000 baht 5 2.9
20,001 - 25,000 baht 3 1.8
25,000 baht above 1 0.6
Mother’s height (centimeters)
< 145 centimeters 4 24
> 145 centimeters 166 97.6
Mean of height = 154.38 centimeters, S.D. = 6.013
Mother’s ethnic
Karen 123 724
Hmong 36 21.2
Lua 6 3.5
Others, such as locals 5 29
Mother’s education level
Uneducated 14 8.2
Primary education 44 259
Lower secondary education 56 32.9
High school / Vocational 41 24.1
Diploma 4 24
Bachelor’s Degree 10 59
Postgraduates and above 1 0.6
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Table 2 (con.)

General information Amount (person) Percentage
Mother’s primary occupation
Unemployed 9 53
Agriculture 135 79.4
Government service / State enterprise 4 2.4
Freelance 17 10.0
Merchant 5 29
Being exposed to secondhand smokers from a family member
while pregnant
Yes 36 21.2
No 134 78.8
Being exposed to secondhand smokers from family members
during the postpartum period and breastfeeding
Yes 37 21.8
No 133 78.2

General information of the children
sample

The sample was male and female in
similar proportions was 50.6% and 49.4%,
respectively. Mostly were 4-year-old age at
46.5%. The average child’s weight and height
was 95.90 centimeters and 13.88 kilograms,

respectively. Most of the birth’s weight of the

Table 3 Children’s general information (n = 170)

child was > 2,500 grams was 88.8%. 95.9% of
them had no congenital diseases. The sample
who received only breast milk for minimum
6 months was 78.2%. As consumption
behavior after 6 months to 2 years, the breast
milk, food by age, and formula were given as
well as other meals, and 84.1% had less than

or equal to 11 hours of sleep per night.

General information Amount (person) Percentage

Gender

Female 84 49.4

Male 86 50.6
Age (year)

3 73 42.9

4 79 46.5

5 18 10.6
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Table 3 (con.)

General information Amount (person) Percentage
Weight’s mean = 13.88 kilograms, S.D. = 1.885
Height’s mean = 95.90 centimeters, S.D. = 5.641
Weight at birth
< 2,500 grams 19 11.2
> 2,500 grams 151 88.8
Congenital diseases
Yes 7 4.1
No 163 95.9
Duration of breast milk consumption
Less than 6 months 23 135
6 months 14 8.2
More than 6 months 133 78.2
Consumption behavior after 6 months to 2 years
Breast milk + food by age + formula 74 43.5
Others 96 56.5
Hours of sleep per night
> 11 hours 27 15.9
< 11 hours 143 84.1

Factors associated with stunting in hilltribe
pre-school children

From the relationship analysis by
logistic regression statistics, as shown in Table
4, it was found that maternal and children
factors associated with stunting in hilltribe
pre-school children as follows;

1. Children with a maternal height of
fewer than 145 centimeters had a ratio of
10.83 times that of children without stunting
(OR =10.83, 95%Cl = 1.09-107.31), indicating
that mothers with a height of fewer than 145
centimeters were related with a risk factor for

their children’s stunting.
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2. Stunting children had a ratio of
ethnic Hmong to non-Hmong mothers at 10.08
times that of non-Hmong children (OR = 10.08,
95%Cl = 4.29-23.70), which Hmong ethnicity
was associated with a risk factor for children’s
stunting.

3. Stunting children whose mother
had no exposure to secondhand smokers from
family members during pregnancy had a ratio
to mothers who had an exposure secondhand
smokers from family’s individuals during
pregnancy was 0.24 times that of children
without stunting (OR = 0.25, 95%C| = 0.071-

0.86), which mothers who were not exposed
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to secondhand smokers from family members
during pregnancy were associated with
preventive factors against children’s stunting.

4. Stunting children whose mothers
were not exposed to secondhand cigarette
from family members after postpartum and
breastfeeding had a ratio of 0.15 times that of
mothers who had an exposure to secondhand
cigarette from their families after postpartum
and breastfeeding of children without stunting
(OR =0.15,95%Cl| = 0.15-0.65), which mothers
who were not exposed to secondhand
cigarette from family members during
postpartum and breastfeeding were associated
as a preventive factor against children’s
stunting.

5. Stunting children had a male to

female gender ratio of 2.37 times of children

without stunting (OR = 2.37, 95%Cl = 1.12-5.01),
which male sex was a risk factor for stunting
in children.

6.Stunting children had the
consumption ratio behavior after 6 months to
2 years of other food intakes to breast milk +
formula + food by age were 2.36 times that
of children without stunting (OR = 2.36, 95%CI =
1.08-5.13), which the consumption behavior
of children after 6 months to 2 years of
receiving other food was associated with a risk
factor for children’s stunting.

7. Stunting children had a ratio of no
cow’s milk intake to those who had cow’s
milk intake at 2.98 times of those without
stunting (OR = 2.98, 95%Cl = 1.27-6.97), which
no cow’s milk intake was associated with a

risk factor for children’s stunting.

Table 4 Factors associated with stunting in hilltribe pre-school children (n = 170)

Children
Variables Amount (percentage) od?js 95%Cl p-value
Without-stunting ~ Stunting ~ ratio
(n =131) (n =39)
1. Maternal factor
1.1 Mother’s height
> 145 centimeters 130 (78.3) 36 (21.7) 1.00
< 145 centimeters 1(25.0) 3 (75.0) 10.83  1.09-107.31  0.042
1.2 Maternal ethnic’s factor
Karen 108 (87.8) 15 (12.2) 1.00
Hmong 15 (41.7) 21 (58.3) 10.08 4.29-23.70 <0.001
Other 8 (72.7) 3(27.3) 2.70 0.64-11.31 0.174
1.3 Exposed to secondhand smokers from a family member while pregnant
Yes 33(91.7) 3(8.3) 1.00
No 98 (73.1) 36 (26.9) 0.25 0.07-0.86 0.028
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Table 4 (con.)

Children

Amount (percentage) Odds 95%Cl  p-value

Variables

Without-stunting  Stunting  ratio
(n =131) (n = 39)

1.4 Exposed to secondhand smokers from family members during the postpartum period and breastfeeding

Yes 35 (94.6)
No 96 (72.2)
2. Children factor

2.1 Gender
Female 71 (54.2)
Male 60 (45.8)
2.2 Consumption behavior after 6 months
to 2 years
Breast milk + formula + food by age 63 (85.1)
Others 68 (70.8)

2.3 Cow’s milk intake

2(5.4) 1.00
37(27.8) 0.15 0.15-0.65 0.011

13 (33.3) 1.00
26 (66.7) 2.37 1.12-5.01 0.024

11 (4.9) 1.00
28(29.2) 2.36 1.08-5.13 0.030

Yes 114 (80.9) 27 (19.1) 1.00

No 17 (58.6)

12 (41.4) 2.98 1.27-6.97 0.012

Discussions

Pre-school children are undergoing
rapid changes in physical, mental, social,
emotional and intellectual age. Therefore, the
nutritional condition becomes an important
part of childhood. If a pre-school child has a
stunting issue, short-term and long-term
health effects could occur, as well as social
and economic issues, which the studied results
can be discussed as follows.

1. Maternal factors: According to the
study results, children who had maternal
height below 145 centimeters with stunting
had a ratio to the maternal height above 145
centimeters as 10.83 times of children without
stunting (OR = 10.83, 95% Cl = 1.09-107.31),

which mothers whose height was less than
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145 centimeters were associated with a risk
factor for stunting in for children’s stunting.
According to Suthatworawut et al’ the
mother’s height below 145 centimeters had
a narrow pelvis, causing limited fetal growth.
Likewise, Nshimyiryo et al."”” found that pre-
school children whose maternal height was
below 145 centimeters were 3.27 times more
likely to develop stunting than those whose
maternal height was above 145 centimeters.
(OR = 3.27, 95% Cl = 1.89-5.64). It correlated
with the study of El Kishawi et al."* that pre-
school children born from mothers with
shortness who were 155-160 centimeters
height (p=0.008) or less than 155 centimeters
(p=0.008) were more likely to develop stunting

than those who were born from mothers who
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were more than 160 centimeters height.

Sugiyanto et al.”

also claimed accordingly that
mothers whose height was greater than or
equal to 150 centimeters (p=0.01) reduce the
incidence of stunting in pre-school children.
The height of the mother was a genetic
condition that can be delivered to the child
and determined the height of the future
child.™

The Hmong ethnicity was associated
with a risk factor for children’s stunting. In
addition, Thai Youth Encyclopedia” defined
ethnically as having the same culture,
traditions and spoken language, and it is
believed to be descended from the same
ancestors such as Thai, Burma, Karen, China,
Lao, etc. It is characterized by being a people
group who is inherited from the same ancestry
with the same biological and ethnic
characteristics, including cultural ancestors.
Mae Chaem district is forest and mountainous
areas with a diverse population, found 80%
of the ethnic groups of the area, thus
influencing the environment, food, beliefs,
and different cultures and traditions. Referred
to Pattarakaeha,'® Hmong people eat 3 meals
daily. Rice is the main dish, preferably salt
seasoning. The main ingredient in vegetables
is lettuce, and herbs for cooking. Srisawat“said
that the Hmong believed that eating the offal
of any animal is prohibited because it brings
harm and will lead to a family dispute.
Children are not allowed to eat chicken
innards and paws due to unwise effect.
Chicken stomachs and gut will wrap their

brains into unconscious thinking, making them

interfere with others’ business, and eventually
fail. Similar to Saeyang™ that the Hmong tribes’
children are prohibited from eating animal
offal. Due to sickness, they were allowed to
eat the salt and repetitive food. Thus, children
were at risk of deficiency such as protein, iron
and iodine, causing underweight and frequent
illness. These factors thus also reflected
hereditary erowth expressed through genes,
which also determined the growth rate.
Mothers who were not exposed to
secondhand smokers from family members
during pregnancy were associated with a
protective factor against stunting in hilltribe
pre-school children. Thai Health Promotion
Foundation® mentioned that the effects of
secondhand smokers on pregnant women and
babies were likely to develop complications
during pregnancy, as well as childbirth may
experience preeclampsia, miscarriages, and
increased ejaculation in children. In addition,
Cigarettes may affect newborns by reduced
body weight and length, as well as neurological
abnormalities and a faulty memory system.
Secondhand smoke came from two
sources: the smoke from the smoker emanated
and floated from the cigarette’s tip. Ignition
from cigarettes produced chemicals, which
were dangerous toxins in both inhaled and
airborne fumes. Pourmasumi et al.”” found
that the mean length of infants in the
secondhand smokers group was 48.69 + 1.88
centimeters, and those who were not was
49.42 + 2.13 centimeters, which was significantly
different (p<0.001). Chelchowska et al.”’

studied hepcidin and iron metabolism in
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pregnancy: the relationship between smoking
and birth weight and length in Poland reported
that the pregnant women who smoked had
a lower birth weight and shorter body length
than non-smokers, which was statistically
significant (p<0.001). Also, Thongmuangtunyatep
et al.”* found that mothers who were exposed
to cigarette smoke while pregnant were at a
higher risk of giving birth to babies that were
less weight than gestational age (OR = 2.10,
95% Cl = 1.27-3.48), and the shorter length of
infants. Exposure to cigarette smoke while
pregnant alone resulted in premature birth.
Mothers who were exposed to cigarette smoke
while pregnant had higher levels of Xenobiotic
Genes, Collagen Genes, Coagulation Genes,
and Thrombosis Related Genes than mothers
who did not smoke or expose to smoke, which
these were substances that can affect the
development of the fetus, abnormal
metabolism, and less iron transport to the
baby. Therefore, it caused premature birth,
lisht weight, and shorter length of the body.

2. Children factors: According to the
study results, Male sex were associated with
a risk factor for stunting in children. Related
to the study of Mzumara et al.”” that 40% of
children under five in Zambia were stunting,
and 42.5% were commonly in males, compared
to 37.6% of females. Ramil et al.”* found that
children aged 0-59 months had a stunting issue
at 38.4% and severe stunting at 18.4%. Male
was associated factor. Nshimyiryo et al.”’
similarly stated children under 5-year-old age
had a 38.0% stunting prevalence. Male’s

associated stunting factors were 1.51 times
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more likely to be shorter than females.

L.?" mentioned that male

Aryastami et a
children aged 12-23 months were 1.27 times
more likely to be shorter than females. It could
be that boys’ childhood illness was higher
than girls, and were more likely to be more
inclined to move around and use excessive
energy, which contributed to the increased
growth. Girls were vice versa®. The previous
study of Suwanwaha et al.”’ regarding factors
associated with the nutritional condition of
pre-school children: a systematic review of
the literature found that girls were more
nutritious than boys because girls probably
had better dietary habits. According to the
health condition survey 2008-2009 in children
aged 2-5 years, it was found that girls
consumed more healthy fruits and vegetables
than boys, and boys were found to be active
while eating, which can affect their nutritional
condition.

The consumption behavior of children
after 6 months to 2 years of receiving other
food was associated with a risk factor for
children’s stunting. Appropriate Nutrition was
essential to develop children growth,
intelligence, and healthiness unless insufficient
5 groups food intake could disrupt their
growth. As Yamborisut et al.* said that for
infants and young children reaching their full
potential and healthiness, it required
continuous caring from parents and caregivers.
Diet was one of the factors that promoted
weight and height growth and provided various
nutrients that supported immunity and

cognitive development. Other appropriate
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foods for infants aged above 6-month-old
would help them also as babies grow older
by the increase of various nutrients. Therefore,
infants should be fed complementary foods
according to their age along with breastfeeding
until 1.5-2-year age. Children aged 3-5 years
had an increased need for energy and
nutrients, especially protein, calcium, vitamin
A, iron and iodine. Children should have 3
main meals and 2 snacks daily. Katekowit™
claimed that the consumption behavior of
children was a growth potential determinant.
Nutrient was also a growth factor of pre-school
children. Referred to Watson et al. as cited in
Krueawisen® found that 50% of pre-school
children in Dankali were at a higher risk of
developing malnutrition and 7% had low
standard of stunting with a height with slow
cognitive learning process due to improper
dietary habits. Phiouxay and Pilavong®
similarly found the factors associated with
nutritional conditions of children aged 2-5
years of Srisattanak City, Vientiane, Lao
People’s Democratic Republic that
breastfeeding was less than 3 months 19.6%
and the first intake of food supplement at the
4-to-5-month age of 29.4% resulted in the
child receiving appropriate nutrients, which
stunting was caused by malnourishment. The
research also found that drinking milk
correlated with the height of the child.
Wungrath™ stated that milk provided protein
and calcium, helped to build and strengthen
bone, affects the height’s growth, and helps
to develop the overall body. Drinking milk
should vary by age. Thai Health Promotion

Foundation® recommended that drinking 400
milliliters of milk a day with an appropriate
diet, which significantly increased their height
by at least 0.4 centimeters annually.

Conclusion

From this study, it was found that
maternal factors were height, ethnicity,
secondhand smoke exposure from family
members during pregnancy and the postpartum
period, and children’s factors were gender,
consumption behavior of children after 6
months to 2 years and drinking cow’s milk.
Both factors were associated with stunting in
hilltribe pre-school children. The results of
the study can be appalled to plan solutions
of stunting issues in children by organizing
health promotion activities or formulating
policies to drive cooperation of public health
agencies, provincial administrative
organizations, educational institutes, and the
public sector for an appropriate implementation
of the health enhancement in pre-school

children.

Recommendation

There should be a case-control study
to identify the sample differences with
different demographic characteristics with the
in-depth interview to find out true factors due
to the diversity of population, traditions,
culture, and beliefs. Furthermore, the study
area should be expanded to cover other areas
where other ethnic groups reside to obtain

clearer information.
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Limitations

1. In this research, most of the
samples were hilltribe such as Karen, Hmong,
Lua, thus it could not be compared with other
contexts.

2. This research study was a cross-
sectional analytic study that was a periodic
study. The results of the primary and the
dependent variable were measured at the
same time. It had a limitation that made the

reasoning of the factors that may not be clear.
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Mechanisms of vasorelaxation induced by Quercetin from

Anaxagorea luzonensis A. Grey in the rat aorta

Patcharin Tep-Areenan’, Pattara Thiraphibundet?
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“Center of Excellence in Natural Products Chemistry, Department of Chemistry, Faculty of Science,
Chulalongkorn University

Abstract

The aim of the present study was to study the vasorelaxant effects of quercetin from
Anaxagorea luzonensis and its underlying mechanisms in the aortas of rats. Quercetin (1-100 LUM)
induced concentration-dependent vasorelaxations were reduced by endothelial denudation,
and 300 UM N°-nitro-L-arginine methyl ester (L-NAME), but not 10 UM indomethacin. After
raising the extracellular KCl concentration to 60 mM inhibited vasorelaxant responses to quercetin.
Moreover, the responses to quercetin were inhibited by 5 mM tetraethyammonium, 30 UM
barium chloride, and 10 UM glibenclamide, but not 1 mM 4-aminopyridine. Pre-incubation with
quercetin (1-100 M) inhibited the contractions induced by CaCl, and methoxamine. The present
findings demonstrated that in the rat isolated aorta, that vasorelaxant responses to quercetin
were mediated in part via Nitric Oxide dependent pathways. Moreover, the activation of K,
Ke,, Kigp channels seemed to play a role in quercetin-induced responses. Interestingly, the

inhibition of extracellular Ca** influx is largely involved in the action of quercetin.

Keywords: Anaxagorea luzonensis, quercetin, vasorelaxation, endothelium, K" channels,

Ca?" influx
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Introduction

The heartwood of Anaxagorea
luzonensis A. Grey (AL), belonging to Annonacea
family, has been widely used in Thai traditional
medicine as a health promoting herb, blood
tonic, antihistamine, and antihypertensive
agents.”” However, there are less scientific
bases for its pharmacological effects.
A previous study has reported that methanolic
extract of AL, containing flavones, flavonones,
flavonols, exerts an estrogenic activity.3
Moreover, some xanthones and flavonoids
found in methanolic extract of heartwood of
AL have antioxidant activity.” A recent study
has demonstrated that dichloromethane
extract of AL (CHZCLZ-AL) induces vasorelaxation
which is partly mediated via the endothelium-
dependent pathway. Moreover, activation of
K" channels and inhibition of extracellular Ca**
influx involve the vasorelaxant effects of
CHZCLZ—AL.‘1 However, there is no evidence of
vascular effect of quercetin, extracted and
purified from AL

Objectives

The present study aimed to investigate
the effect of the quercetin on vascular tone
and its underlying mechanisms in the isolated

rat aorta.

Materials and methods
Extraction of quercetin from Anaxagorea
luzonensis A. Grey (AL)

The isolation of quercetin from A.
luzonensis was previously reported.”® Briefly,

the dried and chopped heartwood (5 kg) of

AL was extracted four times with methanol
using soxhlet extractor. After filtration, the
methanolic extract was concentrated under
reduced pressure and was then partitioned
with dichloromethane (CHZClZ), yielding about
10.5 ¢ of CHZClz—AL after evaporation. Then,
quercetin was extracted and purified from
CHZCLZ—AL by column chromatography silica
gel. Molecular weight of quercetin was
302.236.

Tissue preparation

Experiments were performed using
aorta obtained from male Wistar rats
(300 - 350 g). Rats were housed in standard
environmental condition (25°C) under 12 h
light/dark cycle and fed with standard
laboratory rat chow and tap water ad libitum.
All experimental procedures were reviewed
and approved by the Animal Research Ethics
Committee of the Faculty of Medicine,
Srinakharinwirot University.

Male Wistar rats were anaesthetized
with Zolitil 50 mg/kg (tiletamine chloridrate
and zolazepan chloridrate) into quadriceps
muscle, and killed by cervical dislocation.
Following a thoracotomy, the thoracic aorta
was carefully removed, cleaned of fat and
connective tissue and cut into 5 mm ring
segments. Each ring was transferred to a
jacketed organ bath filled with 20 mL of
modified Krebs-Henseleit solution, composed
of (mM) NaCl 118, KCL 4.7, MgSO, 1.2, KH PO,
1.2, NaHCO3 25, CaCL2 2, D-glucose 10 that
was maintained at 37°C, and bubbled
continuously with 95% 0, and 5% CO, mixture.
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The solution in the organ bath was exchanged
every 15 minutes for 1 h. The rings were
mounted between two triangular stainless-
steel hooks that were passed through the
lumen and stretched to an optimal passive
tension of about 1 ¢, and maintained at this
tension for 1 h. The upper hook was connected
to isometric force transducer (MLT 0210, New
South Wales, Australia), and changes in
isometric force were recorded on a MaclLab
recording system (AD instruments, New South
Wales, Australia).

Experimental protocol

Following a 1-hour equilibration
period, methoxamine (10-60 WM) was used
to increase tone by approximately 1 g. Once
a stable contraction was established, quercetin
(1-100 UM) was added cumulatively. To
explore the mechanisms involved in
vasorelaxation induced by quercetin, aortic
rings were incubated with various inhibitors
added to the organ bath before methoxamine
was added to increase tone. In vehicle-control
experiments, dimethyl sulphoxide (DMSO)
alone was added cumulatively in the same
volumes as those used in the experiments
with quercetin.

To examine the contribution of the
endothelium in vasorelaxant responses to
quercetin, the endothelium was mechanically
removed by gently rubbing the luminal surface
with a cocktail stick. Removal of the
endothelium was demonstrated by
vasorelaxation to 10 UM carbachol being less

than 10% of the induced tone. To investigate
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the involvement of vasodilator prostanoids
via the cyclooxygenase (COX) pathway and
nitric oxide (NO) in vasorelaxation to quercetin,
aortic rings were treated with indomethacin
(10 M), a COX inhibitor, and N°-nitro-L-
arginine methyl ester (L-NAME, 300 UM), an
inhibitor of endothelial nitric oxide synthase,
respectively.

To investigate the potential
involvement of K" channels in vasorelaxation
to quercetin, aortic rings were pre-contracted
with a high extracellular concentration of KCl
(60 mM), which was prepared by replacing an
equimolar concentration of NaCl with KCL'
These experiments were also performed in
endothelium-denuded rings to determine any
involvement of endothelium-derived relaxing
factors (EDRFs) in the vasorelaxant effects of
quercetin on activation of K" channels. To
characterized the types of K" channels
involved in vasorelaxation to quercetin,
concentration-response curves to quercetin
were constructed after incubation with
tetraethylammonium (TEA, 5 mM), a non-
specific K" channel inhibitor, 4-aminopyridine
(4-AP, 1 mM), a voltage-gated K (Kv) channel
inhibitor, glibenclamide (10 UUM), an ATP-
sensitive (KATP
(BaClz, 30 UM), an inward-rectifier (Km) channel
inhibitor.

To examine the vascular effect of

) inhibitor, or barium chloride

quercetin on extracellular Ca** influx,
concentration-response curve to CaCl2
(10 UM-30 mM) were constructed in the
presence and absence of quercetin (1, 10 and
100 UM) for 30 minutes. Aortic rings were first
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allowed to equilibrate at 1 ¢ tension in a Ca**-
free Krebs solution, and then the rings were
bathed with Ca**-free, high KCL (100 mM) Krebs
solution. In vehicle-control experiments,
DMSO was added in the same volume as that
used in the experiments with quercetin. In
addition, to examine the effects of quercetin
on contractile responses of aortic rings to
vasoconstrictors, aortic rings were preincubated
with quercetin (1, 10 and 100 WUM) for 30
minutes before concentration-response curves
of methoxamine (0.1 - 300 LLM), an adrenergic

receptor agonist.

Data and statistical analysis

The concentration of vasorelaxant
giving half-maximal relaxation (EC, ) and
maximal responses (R __ ) were obtained from
the concentration-response curve fitted to a
sigmoidal logistic equation using the GraphPad
Prism package.’ R and PEC,, values (negative
logarithm of the EC, ) were compared by
analysis of variance (ANOVA) with statistically
significant differences between groups being
determined by Bonferroni’s post-hoc test.
These were expressed as mean+SEM. The
results were considered statistically significant
when p value was less than 0.05. The number

of animals in each group is represented by n.

Chemicals

All drugs and chemicals were
purchased from Sigma Chemical Company (St.
Louis, Missouri, USA), but zoletil was purchased
from Virbac (Carros Cedex, France).
Indomethacin was dissolved in ethanol.
Quercetin and glibenclamide were dissolved
in DMSO. 4-AP and BaCl2 were dissolved in
distilled water. The remaining drugs were
dissolved in the Krebs solution. All drugs were

made up on the day of the experiment.

Results
The effects of endothelial denudation,
indomethacin and L-NAME on vasorelaxation
to quercetin in rat aortic rings

Quercetin (1-100 M) caused
vasorelaxation in a concentration-dependent
manner (Figure 1). Endothelium denudation
significantly (p<0.001) reduced vasorelaxation
to 100 UM quercetin (control = 74.1+6.9%;
denuded = 22.2+3.6%, n = 6, Figure 1).
Similarly, vascular responses to 100 UM
quercetin were significantly (p<0.01) reduced
by 300 UM L-NAME (control = 74.1+6.9%;
L-NAME = 36.5+4.6%, n = 6, Figure 1). However,
indomethacin did not affect vasorelaxant
responses to quercetin (Figure 1).
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Figure 1 The effects of endothelial denudation, indomethacin (10 [AM), and N°-nitro-L-arginine

methyl ester (L-NAME, 300 LLM) on quercetin-induced vasorelaxation in rat aortic rings. Data are

shown as mean + SEM.

The effects of high extracellular potassium
and potassium channel inhibitors on
vasorelaxation to quercetin

Raising extracellular K" concentration
(60 mM KCL) significantly (p<0.001) inhibited
vasorelaxation induced by 100 LM quercetin
(control = 74.1+6.9%; 60 mM KCl = 21.6+5.2%,
n=6, Figure 2). Similarly, the responses to
100 UM quercetin was significantly (p<0.001)

J Med Health Sci Vol.28 No.3 December 2021

inhibited by 5mM tetraethylammonium
(control = 74.146.9 %; 60 MM KCl = 17.2+2.3%,
n = 6, Figure 2). Moreover, relaxant responses
to quercetin were significantly reduced by
either barium cholride or glibenclamide, but
not 4-AP (BaCl2 = 45.7+1.8%, p<0.05, n=6;
glibenclamide = 40.3+4.4%, p<0.01, n=6,

Figure 3).
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Figure 2 The effects of 60 mM KCl and tetraethylammonium (TEA, 5mM) on quercetin-induced

vasorelaxation in rat aortic rings. Data are shown as mean + SEM.

120+

100 E= Control (n=6)
B2 4-AP (n=6)

801 B3 BaCl, (n=6)
[m Gliben (n=6)

% Relaxation of tone

Quercetin (uM)

Figure 3 The effects of d-aminopyridine (4-AP, 1 mM) or barium chloride (BaCLZ, 10 UM)

glibenclamide (Glib, 10 lLM) (B) on quercetin-induced vasorelaxation in rat aortic rings. Data are

shown as mean + SEM.

The effects of quercetin on extracellular
Ca*" influx in rat aortic rings

CaCl, (10 UM-30 mM) elicited
concentration-dependent contraction of KCl
(100 mM) depolarized rings in Ca”*-free medium.

Contractions to CaCL2 were significantly reduced
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by quercetin in a concentration-dependent
manner (Rmaxz control = 0.92+0.03 ¢, n=6;
10 UM quercetin = 0.76+0.04 g, p<0.01, n=6;
100 UM quercetin = 0.15+0.01 g, p<0.01, n=6,
Figure 4).
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Pre-incubation with quercetin (1, 10
and 100 UM) significantly inhibited maximal
contractions to methoxamine (Rmax: control =
0.95+0.05 g, n=5; 1 UM quercetin = 0.79+0.04 g,

1.2
1.04
0.8+

0.64

0.44

Increase in force (g)

0.2

p<0.05, n=5; 10 UM quercetin = 0.29+0.05 g,
p<0.01, n=5; 100 UM quercetin = 0.05+0.01 g,
p<0.001, n=5; Figure 5).

CcCe0Onm

Control (n=6)
Quercetin 1 uM (n=6)
Quercetin 10 uM (n=6)
Quercetin 100 uM (n=6)

0.0

Log [CaCly] (M)

Figure 4 The effects of quercetin (1, 10 and 100 pg/ml) on CaCLz—induced contraction in rat
aortic rings depolarized by 100 mM KCL. Data are shown as mean + SEM.

Increase in force (g)

0O ¢ O m

Log [methoxamine] (M)

Control (n=5)

Quercetin 1uM (n=5)
Quercetin 10 uM (n=5)
Quercetin 100 uM (n=5)

Figure 5 The effects of quercetin (1, 10 and 100 pg/ml) on methoxamine-induced contraction

in rat aortic rings depolarized by 100 mM KCL. Data are shown as mean + SEM.
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Discussion

The present study has demonstrated
the vasorelaxant effects of quercetin and
mechanisms involved in its action. Quercetin
causes vasorelaxation in the isolated rat aorta,
which is partly due to endothelium-derived
NO. Activation of K* channels and inhibition
of Ca*" influx are largely involved in the
vasorelaxant effects of quercetin.

Previous studies have reported that
the extract of Anaxagorea luzonensis A. Gray
contains several flavones and flavonoids.”’
Our previous study has shown that CH Cl -AL
causes vasorelaxation in rat aortic rings. The
present findings support that quercetin is
involved in vasorelaxant responses to
CHZCLZ—AL.

The vascular endothelium plays an
essential role in regulating vascular tone via
synthesis and release endothelium-derived
relaxing factors (EDRFs), such as NO and
prostacyclin.®’ The present experiments show
that relaxations induced by quercetin were
inhibited by removal of the endothelium.
Moreover, the effects of quercetin were
inhibited by L-NAME, a NOS inhibitor, but not
inhibition of COX pathway by indomethacin.
These results indicate the participation of
endothelium-derived NO in the effects of
quercetin. Therefore, these results indicate
that the relaxant responses to quercetin
involve NO, but not vasodilator prostanoids
via the COX pathway.

Several types of K" channels are

located in vascular smooth muscle cells,

including KATP, KCa, KV, and K‘R channels. Opening
of K" channels in the cell membrane of
vascular smooth muscle cells increases K*
efflux, causing hyperpolarization, which
closure of voltage-gated Ca”* channels and

subsequently vasorelaxation.'*'"

Toinvestigate
the involvement of K* channels in vasorelaxant
effects of quercetin, a high concentration of
KCl was used to increase vascular tone. It was
found that 60 mM KCl inhibited the effects of
quercetin. These findings suggest that quercetin
causes vasorelaxation directly by increasing
K* efflux through K" channels on smooth
muscle cells.

In order to investigate the contribution
of exact types of K' channels involved in
vasorelaxant effects of quercetin, we used
different types of K channel inhibitors. It was
found that vasorelaxation induced by quercetin
were inhibited by tetraethylammonium (TEA,
5 mM), a non-specific K" channel inhibitor,
barium chloride, a K‘R channel inhibitor,
glibenclamide, a KATP channel inhibitor.
Conversely, 4-aminopyridine, a KV channel
inhibitor, did not affect vascular responses to
quercetin. These results suggest that
vasorelaxant responses to quercetin are
mediated by increasing K" efflux, at least in
part, through K‘R, KATP, KCa channels.

Another aspect examined in the
present study was whether vasorelaxant
responses to inhibition of extracellular Ca**
influx involved. We found that contractile
responses of rat aortic rings to CaCl2 in Ca”* free

medium containing KCl were inhibited by
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quercetin. OLl—Adrenoreceptor agonists, such
as methoxamine, cause vasoconstriction via
activation of protein kinase C to increase
extracellular Ca** influx through receptor-
operated Ca”* channels, and/or Ca** release
from intracellular store.'””” We found that
quercetin inhibit methoxamine-induced
vasoconstriction. Taken together, these
findings support the notion that quercetin can
block Ca** influx from the extracellular space.

Conclusions

Our findings have demonstrated that
quercetin exerts its vasorelaxant effects by
acting on multiple sites of actions in the rat
aorta. Vascular responses to quercetin are
partly mediated through endothelium-
dependent NO. Additionally, inhibition of
extracellular Ca® entry and activation of K*
channels are required for the vasorelaxant

effects of quercetin.
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Case report on rhinofacial Conidiobolomycosis caused by Conidiobolus sp.

Nattarat Trinusonth
Department of Otolaryngology, Faculty of Medicine, Srinakharinwirot University

Abstract

Rhinofacial conidiobolomycosis is an uncommon chronic subcutaneous fungal infection
in Thailand. This disease mainly affects the mucosa of the nares, nasal passages, sinus,
nasopharynx, lip and mouth, causing disfigurement of the midline of the face and nasal
obstruction. This article reported a 77-year-old male patient who presented with a nasal
obstruction and progressive facial swelling. On histopathological examination of the tissue biopsy
and fungal culture, it was determined that a patient was infected with Conidiobolus sp. The
patient was successfully treated with a combination therapy of Itraconazole and Terbinafine

for six months.

Keywords: conidiobolomycosis, entomophthoromycosis, zygomycosis, Conidiobolus coronatus,

rhinofacial edema
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Nudge theory and the concepts of choice architecture designs for behavioral

change and the promotion of medication adherence

Wiwat Thavornwattanayong, Niparat Srichan

Department of Community Pharmacy, Faculty of Pharmacy, Silpakorn University

Abstract

Nudge theory and its choice of architecture design concepts aim to change individual
health behaviors and to promote medication adherence and may be considered as an
option for use in pharmaceutical care. The objective of the article was to inform the reader of
the concepts of nudge theory, as well as the choice of architecture design processes that affect
the decision-making of patients by letting them choose options voluntarily and without blocking
any other options. The most important step of nudge theory requires the process of designing
alternatives to stimulate or to push individuals to modify their behavior or choose the right
options that are best for themselves long term and in the direction recommended by pharmacists.
If pharmacists are able to understand this concept and can apply this theory, it can be used
as a tool to take responsibility for individual behaviors, thoughts and decision-making processes
that may guide patients to change their behavior to choose more healthy options and to make

the pharmaceutical process more efficient.
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Evidence for tinnitus treatment using sound therapy via sound generating

devices, hearing aids and cochlear implants

Sanathorn Chowsilpa
Department of Otolaryngology, Faculty of Medicine, Chiang Mai University

Abstract

Tinnitus is one of the common otologic symptoms and is frequently found in individuals
with hearing loss. Although tinnitus is not a life-threatening condition, it affects mental health
and quality of life. Besides, there is no treatment that completely resolves this condition. Several
studies showed the benefits of using sound therapy via sound generating devices, hearing aids,
and cochlear implants for tinnitus treatment. This article aims to explain the pathophysiology
of tinnitus and a review of previous studies that use sound therapy as tinnitus treatment
strategies, by describing the mechanism of tinnitus. Most of the research assessed the
effectiveness of tinnitus treatment by using subjective evaluation, for example, tinnitus
questionnaires. Only a few studies objectively assessed functional changes after applied
interventions, for example, functional magnetic resonance imaging. Most of the studies also
recruited a small sample size and there was no consensus on the technique of sound therapy
for standard tinnitus treatment (e.g., characteristics, loudness, or duration of the sound used in
sound therapy). Therefore, further studies in these missing gaps of knowledge, including a
systematic review, may provide more evidence in order to apply sound therapy in clinical

practice for tinnitus treatment.

Keywords: tinnitus, sound therapy, sound generating devices, hearing aids, cochlear implants
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Surgery U a.d. 2014° Tauugiinissne1ng
FessunauluyaienisiianuiuazA1uinw
ol Uaeidlafiannefanaanaznaden
Tunsshw msshwmenisuidananufnuas
NEFANTTU (cognitive behavioral therapy) way
nsldiadeadeilslunsdifvieiinsgade
nskagusuaiey dmsunissnwilaenisundn
§eidea (sound therapy) Safiaifumadennils
Tumssnuini’
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faudinstdamedesdslifodunis
Shwmdn uilurrmaneTaniiinisanenietu
nsldmstdadedesnnTugeiarinannmane
msihUamedesanansavilalnensuaseidesnau
rugUnsaliindes inTestneils vieUszam
yiflen fnanensAnuiszyindsadisiiueios
Preflaiazszamyiionesaiuisnannie
dessunaluyle lutagduuseinalneddadng
danurjaeens VT’]IﬁH@ﬂWﬁﬂWiWUﬂ’YJ”Ui”ﬁWMLﬁ@u
mma (presbycu5|s) TIWAUNI Lamiumﬁ,ﬂ,w
Wiy faddy mﬂmaqmammm’svmﬂmﬂmmaq
msn?w,wawuvjmﬂmauagﬂauum aunsaly

Usglgpdnniasesheflaioandossuniuluyld

wWufu uenaini Insdwsidledeuuvaminluy
Afesldlutiagiu anunsathanuiuldidugunsal
sudadsadeldlunistidadededld fudy
gunsalinliadesdamladteninluefinuay
ludndudestogunsalifianiy unauilds
TinguszasdilonuTumdngiuas Menuide
fhmsthdasedoanlidnvanedessuniu
Tuy ieliunngviedaulaannsathdeyasn

unaudluusznaunisendulalunisidents

nsUamedssduniadsndmsusnuiniig
a Y ¢ al | = &
deasunulundigaunsalimldenn Feasidu
Usglenlsaghesolule

nalnnsladunazngsa35Imenvesn1sides
sunuluy

v AANTEUIUNITNISLA BUN I
auditory pathway na1fe L@u9a1ALaInILan
Feeniguangniiusiunulumdanluyeay
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L?J@LLﬁ:ng ﬂsz@mgam%u (nsEanfAouU ﬂix@ﬂﬂ"q
uagnszgninaw) dwielUss cochlea Safuydulu
drdudes nelu cochlea fwadvuiiviming
Suides (outer hair cells wag inner hair cells)
wagvumantavasundsnudsadunseua
Usramdeihuludadulszamymserdulszam
amaa@'ﬁ 8 (vestibulocochlear nerve) dsinulués
‘fnLﬂﬁaaﬁuauﬁuﬂizamaum@jﬁ 8 USLatuMuaLs

Jumdsaszwuady 2 @1 Ao dorsal cochlear

nucleus wag ventral cochlear nucleus USHIRUH

58@1@@5%&%0 central auditory nervous
system® NNt desonsualszamluss superior
olivary complex, lateral lemniscus, inferior
colliculus, medial geniculate body nguqm
U31aau auditory cortex Fafuanadlvinjdiuns
1§8u vhmiiizuduasudanumaneveadss
s

wanand sruunsldduidnway
tonotopicity Famuneds ANTUNIEHoE 1Y
Audidssvesudazusiaaily auditory pathway
nafe waduuSUdsTiusasiuvitiiues cochlea
fianusnglunssudesdinnudunnmetu T
\waduulagUSigIuues cochlea aevinmiif
Suidiesmnuigs (Fosuwnan) souisaduuiiogusion
5aned cochlea vzvimtiniisuidsarudsn
(Foaviy) Snuziisinzsorasnnuiidesiy
sggnanevenlldaudulszamy Muaues auds
auditory cortex ok usazUSaes auditory
pathway amm"dqummmLW%mamqmmmam
Fuansafuui® muamﬂuiﬂwl
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TRMARY AumiToRy
CeRTEX

SECONTARY
ATRTORY
@wnex

= V=N

TERSAL. COCALEAR-
YuCLES

BRAN STEM

VENTRAL COCHLEAR
WUCLEUS

35U 1 dnwaug tonotopicity ¥e4 auditory system A%ui cochlea auiis auditory cortex (nwdsznay

Tngginug)

AIINIIUNYITATIING1VDIN1ILLEES
sumuluyiiniluganudnlandnmsinwilasns
thindedsanniy fudinnsdsssuniuluy
fnnusiuiunisgadenislaguwuy SNHL uaz
fngnidlatidessumuiuiisutudaandamies
LLGiLLﬁﬁ\‘iLLéI’JﬂalﬂmiLﬁﬂLﬁEJ\‘liUﬂ’msLumﬁ?u Ainan
NM5USUAMIVB central auditory system Tunanes)
fu LileReUALB B input TlanasaInnsgade
MslABuLUU peripheral hearing loss Nan3@ANY
ludainaaes nudmaIndainaassgnyinld
qzyjfmmﬂé’@uué’a spontaneous firing rate
Tududsvanyvazanas (innnae deafferentation)™”
dawald central auditory system USua lnedinng
Wiuduwed spontaneous firing rate U338 dorsal
Lag ventral cochlear nucleus', inferior
colliculus' wag auditory cortex™ yenand Sy

NSLANAUVDY neuronal synchrony dnsag™>™

Snuarsinauanitinsintuves auditory
deprivation fineuausssia input anadan
nsgadenislatu dewalvisedunisneuauss
(response gain) Wasuuladly Tnenudnuaisves
excitation {isTu $3ufU inhibition anas”
uanaNii é’qwumimﬁammaagﬂuw
%94 tonotopicity waaniinsgaydenisléou
Na1Ae 1IN
finsgadonisladuivasnnuilaninudnis

(re-organized tonotopic map)***

neuron Y84 auditory cortex U‘%nmﬁma%’wﬁaga
R PR PEP Y szUsuiudasulusutoya
FranABuiisslefuuni sndetnaty e
SNHL figaydonislaBuianzdisanuias asifn
mMswAsuuwladlae neuron 784 central auditory
cortex U3nmtuasdsulusutayaraaniud

fAsas Fadurepnudnleguunfwnu'>
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‘ Peripheral hearing loss

‘ Decrease sensory input ‘

Decrease spontaneous firing rate in

cochlear nerve (deafferentation)

Change in central auditory nervous system

! !

l

Increase spontaneous firing rate at Increase neural

* Dorsal & ventral cochlear synchrony

Increase excitation and ‘ Change in tonctopic map ‘

decrease inhibition in

nucleus
* Inferior colliculus

*  Auditory cortex

central auditory nervous

system

JUN 2 MsAsuudases central auditory nervous system nasaININgaydsnIslagy

Nninaudsiy o1nsidssdaluy
FudunannnisususiiviliiAn hyperactive
state U993 central auditory system Wazn1g
\WasuuUaszuLUU tonotopicity Tnensusudail
918 neural plasticity Faduruanunsaluns
Wasuwamthiuaensdnssuudelssnsinu
321N neuron %30 neural network 1ag neural
plasticity Haemovaussdie input MUAsuuasly’
uena1n neural plasticity agldasurenisiia
deadsdlunudl Senunsadhunyssendldlunis
Snwndesssluylddndneg 1wy nsiiiy sensory
input fenITIARGdss N1sVEIBLEE 1S0N1T
nszdulu cochlea iledsnaliAnnsuAsuLUas
lu central auditory nervous system Faaglgnan
Tuhtatinly

wennMasUAsUamng neurophysiology
984 central auditory nervous system L3 §9Wun
Uinaduresanssimnuduiuitunisiindes
sumuluyde Taeilevhnisasiase positron
emission tomography (PET) scan Iui{ﬂ’wﬁﬁ
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mum%maumﬂum wunIsUAsULUaIves
cerebral blood flow U316l central auditory
cortex way hippocampus Jududrunis
983 limbic system®® wazdmunisiiinves
activity USLId amygdala 31nN197529
electroencephalography (EEG)'' uonaING
Ushaduresauasfivhminiieaduanuaula
(attention) A3 LazAIIUAA (cognitive
function) §aflauigtesiunnizdessuniuly

13,14 & g = A o 1 =
PNUU LEHYINAITUNIU mgﬁ]\‘i

MY ULALINY
aunsndmasisaIsunkaznelmAn UL sesu
(reaction) siaidedluyle Faanunsainluganie

tinnitus distress tunguaa'®

nsinwnazdessuniuluglaenisindadey
1884 (sound therapy)
n1sshwnnedsssuniulunivangds
LU N155NBAY cognitive behavioral therapy
FadunsdhwdnemsthdaruAnuasngingsy
TnofignUszasdliiinoanunsauiuaeunudn
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wazaFAniteliithsanUfiseseideasidluy
NN33NWIE transcranial magnetic stimulation
Fadumsdnuuuulnilneddesndsnuungn
WuAswzifioan excitation 189 central auditory
nervous system Lugi dmdumssnsndneeniiy
vaurdslilfinsAnuiiuduuidngswsyavinm
vaen15bdelun1snwniigidessuniuluy
fauiazdinisldeingy antidepressant azlu
Afoneging
wenan3snssnefinaniludnedu &
NANUNSANNTIBNUTIUTEAVEAMNUDINTTNYN
Tnemstingaedes (sound therapy) Tng3sd
JunslidUaeiladesiuguuuuneg wu nms
TritaFessnuaunsaiinuileides (sound generating
devices) nsliladesfiinunisuenediende
PreWendevszamyiiion udu F5dende
PANNIVBINITUS UMD central auditory nervous
systern wazauesE@LduiisadosTunIsAndss
sunuluy nanfe nistmdsadunisiia input
U8 cochlea (acoustic stimulation) LLa::ﬂﬁxéju
TAAN1sUSUMYBI3¥ UL central auditory nervous
system @1HUN
nsAuAaLABI N TngUsEAAVAN
o msldnstdadedeniiesnunneides
sunluy sihugunsaliuinides tadestieils
wazUszamyiien lagvinnsEuAUNIUSEUUTIY
Toya Pubmed way Scopus MArdAnyAe
“tinnitus AND sound therapy”, “tinnitus AND
sound generating devices”, “tinnitus AND
hearing aids” wag “tinnitus AND cochlear
implants” tiledumnisanuiildsunisifiun
Tugheszeznan 30 U i andudeing
g1udeiies wazundnge LieAndannisinu
Fioadostuunanud udrSeeuseauise
atuduilerdeyamaguueniiu 3 Ussiiundn

laud msirtasiedssinugunsalindaides
nsUndnmedsarnuaIetieils wagn1suidn
meldesilszamyiiey

nssnwnazdessuniulugdlenislinades
WugUnsainlinides (sound generating
devices)
n1sbifladesanaeuensugunsal
fudiaudss (sound generating devices) io¥nun
amwdssidluyiu Fudanlddususzana 50
Yriou” uasduiifiousnntaulunasenn o
vosgUnsainiadesdivainvaiy Sﬁuagjffmwiax
gAasTy 1 LeFoaaumy Ladesauuniudi in3eq
dumas sailuidlugatlagtuildlnsdmidede
dsuifiulndidoaazidusld Fdaunsotiun
Ussgnalddmsunsinuidessunidlunmesuiuy
wazvdnnsTuanseiy feil

1. Masking

aUsvarnanves masking iunsuses
Feoshugunsaimifladeaiionauidesiidssunu
Tuy Selaevhluazlddnuasideaiuy broadband
noise' N1511 masking MUssgndlddmiuney
dessuniuluni 2 wuu lau'

1.1 Total masking'® tJun1sudeeides
Tuseiunnudafiannsanaudeadsuyldviomn
%‘HLﬂwé’ﬂmsﬁgﬂﬁmﬂ%’gﬂLwimauﬁﬁuﬁﬂmiﬂ'}ﬁm
shoideanli3nunithefiiinnzdssuniuluy®

1.2 Partial masking"® tJun1suaseides
lusgAuanuduissasunIunsuiidedduy
Fefu Feanau (masker) 9ngunsaifiinides
wazidesluydenslaguniouriu seAuanudives
Foanauiildiivansuuy 1wy msUassidssnay
Tusedumiailndidsatudeduy Jaiilioe
FBuiadsnauuasidesluylussduilndifesu
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visensuaoaidvanauluseiuiitesiigaiivinli
AUrg3AnIWoUAaNeINMSInBwABAsluy”
ogslsfnnu delififeaguiidalauindsanay
fisyiuausainlamuizaudiniu partial
masking uaﬂmﬂﬁ WANN13Y0Y partial masking
Semuiieaffundnnis habituation wag tinnitus
retraining therapy (TRT) ¢re Faagldnanludsu
daly esanidsssuniluylilegnidesan
AEUBNNAUTINR

2. Habituation

Habituation fe MsUdoeideaiieviili
AU FANAeTuAuEsasunIUluy dgaUseasd
\ieanUfiemevaussuazauaulaveioe
savdussuniuluy HeligUisaunsowenlain
dosiidluiududedlifinnumne dawali
fuherey g anmuaulauazamAneauiiie

v
16,21 Yo%

deasuniuluy® feu n1sudesidesangunsal
Alladedaddlanaunsenaunudessuniuluy
IELERNE)

n&NN1504 habituation fgnyanld
\Judumilses tinnitus retraining therapy (TRT)
Tne TRT tuflgndszasdifioanyiarUdsunissus
voudussuniuluy vnlithefinnnueedu uag
Uludnsanufisendeavaaidessuniuluy
anAN3ENsIATe ANKIRNGTIa uazAueSeR’
TRT Usgnaulumenslid1inuisiuiunis
Uaeedesliaeile Tagldidosiddnuas
wioudesilaBuludundeuriluluszdumni
mixing point naNAe sTAUEsIINABUenTL
Foslivilvidnwuzveadesluyudsuliuas
doslinauidesiisaluy elvigtreinnuidn
weFuioidedduyldietu? mnnmsfnsuuy
fouUnda AUIANITIANYUAHANTENUVBINTIE
dessuniuluyanas vaeandnwieeds TRT

Tuang 12 9 18 weu?®
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agalsAny Tyler uavmuy (2012)%
lavinns@nenlaelssuiisunanisine 3 35
Taun (1) TRT (2) Mstmusnwnsinisuaeeides
WUU total masking wag (3) n1sliA1UIAY
Wg9eg19hen LaUsTIuNan 8L UL UnNY
tinnitus handicap questionnaire (THQ)
Wisuiisunounazndsdnen wuin v 3 33
ansativannneidesisluylaseadidudfy
TneitUszavsnmuesia 3 334 lifinnuunnsing
Auog1alidsdrAgynieana woNIN{ Tinnitus
Retraining Therapy Trial Research Group
(2019 lavmsenulmelSeuliisunanissnm
fag (1) TRT (2) nmsliAmUsnwisiunisuase
Feaaen @udunisldidesnaussiuamud
wazlinsanunannsues habituation) wag (3)
AsliUsnviissed i nan1sanwdle
UszLumMBLUUaDUaIN tinnitus questionnaire
(TQ) wudn 71 3 FanunsativannIvLdeeds
Tuyldeesidoddey Tnefiussansnimuesis
3 A3heuuanseiusadnteswintu 91nis
2 Msfinw azdiuldnnsUaesdeaiio e
\deasisluyemevanns habituation Lieeegnude
onadfdlaiiftemelunistagliennisagumnlaivh
SaAUMSIAIUS N

3. Frequency-modulated sound
therapy

Frequency-modulated sound therapy
= o | a a ) |
Junsshulagnisudesideeiignusuwssluung
AMUDNaUNazlgShY NsUSULALEs Ty
Tvangmale Ly

- A5USULSLEES broadband noise lag
WKL narrowband noise NAAINANAN9AS
AuanudvesdssnslunvesdUisusazsny &
fInsAnwUS8UIgunNISky broadband noise

= Y] . A
5I3UAT LVNYUAU broadband noise MHNIUNTT
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U¥uuss wu31n 314 broadband noise firunns
USuuse ansnsaanausuLTIveddsssunuluy
laanan?

- nsuSunnaides Tagldidesuuy
narrowband noise fitaAudnansirinsaiu
awidisimslifuanasesithousaze Tasan
NSANWINUINELS narrowband noise a@u1sa
ﬂaUL?imiumuiu‘lﬂlﬁ%mn nIDLANNIY
residual inhibition UsznauSeva 33 voerUae
aanufgiuiinannisil narrowband noise
fiszRumuiunilesziunisladu (supra-
threshold level) @u130an activity U3
deafferentation 989 tonotopic map 1a
Feaunsoandessuniuluyle”

- nsldusuua s dsanafis iz fu
Adrewsarse Ineldnannisves tailored-made
notched music namAe asliUaeilsazgn
ansTAuAILMY B FeAuaETInsIRUALAYS
deossuniuluy™” Iaganns@nwinuinenis
L?ismumulumaﬂQﬂaaﬁ%uaéwﬁﬁaﬁﬁag 1ng
iAfelimmuaimadaiausovhlifn lateral
inhibition Tuduwes auditory cortex %119
Uinaivhlidadsssunmuluyiuuinadhadesdts
Johlidessuniuluyanas sgnalsinu nadise
YaisieaRnannsidsanaunuEs T
flaifanumang Wesndeanandudeedia
aududeuiianunsodaaidsuinseesuaiuay
cognitive function Faduwaves habituation
pBluY

- myvsunsadsslaenslddessssumii
(wu Fesun Fewhen Hud) itknenuinsedu
mmﬁmauﬁammu‘tuﬂg WAULEEEITUR
Fsnamundeustuiuideanasigioden nui
annsnandsssuniulugldvislugaeiidnng
¥guunduazgiaedfinsgadonisladuuuy
SNHL* uanandl Sawudngdasdifinrmives
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LﬁaquﬂauTuﬁgamaﬂué’aawﬂ%’ﬂmé’w‘i%ﬁmdn
gaduiusivdessuniuluyanase™

ns¥nwinzdessuniuluydeeiosieile

uonanwiivdnuesiaiosaeilsie
mMsvenedesdmiugaeifiiymnslidunda
viansmsnufinsnulssleviveaaieseiis
Tudesvesnsanideasuniuluyse Jsawnse
nlelngldiniosasilafivsegrafe THiaTes
Freasruiugunsalindaides vieldinies
Pagflanfoutulusunsuindadodus @il
ipesteileunsiu) nénnsveardoseilaile
ananedsssunluyisduuulunisussendld
umnenaif fail

1. msl¥ieSasdreilaionaununislddu
(hearing compensation)

Fesfiageruiniesr e saiuise
noawnunistaduluduiivnnseslunazaunse
Prganauaulavesiiiesaidessuniuluyle
wnl@BuRRU?* vanennsanwnuinsldiaies
Holafissoenadelufiherisinsgapdonisliou

anansoanidessunIuluyla™

wenani sl
fusnuTanfunsidiniostieilslinadnsia
nnslifusnunifieseanaiion® Tnefimelulad
YouAsosteflauuuiieg Wy wmalulad wide
dynamic range compression Way frequency
translation Favsnzdwuiihefigadenslaoy
Tutsewiiigs videmalulad linear frequency
transposition lilavinliusza@nsaiwlunisan
Foersluyuansnsiusgrafidodidn® msdi
anuansalunsiddulnenisldiniasgaeils
annsaanaMzidsasunlugld lesinides
flFBudauiuasyhwihfiediowdssnau §ihe
FeldsEndenrnuuanaendsainaieuen
fiinunisvenelaspiosheiladefisutuides
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msf[,mg LadIaIN1I0anN1IE central auditory

deprivation 1¢"***

2. Masking

w&nN15u09 masking lusp3esdela
meneriuvannsUsedenaurugUnsaimiiades
ImaLﬁumi‘Li’fLﬁ&NﬁgﬂﬂJmamuLﬂ%"aaﬂhaﬂuﬁa
NALNULELINAU

McNeill wazmeug (2012)* lavinnsane
nsldiadestaeiidludiaeguydenisldtuuay
fidsssuniulun wariaramenislduuuaeuany
tinnitus reaction questionnaire wWui1 §U3e
ﬁfﬁﬂdwLﬁmﬁﬁumamum%aﬂhaﬂﬂﬁummm
ﬂaULﬁsJQﬁiﬁQquﬂglﬁﬁy’awmm i ATUUUIN
LUUAUANTIANI N U2eRsEndaTeadanile
aunsanauldeslaiiesunsdiy wisldaunsa
naudesldtas wenand Smuinsldidesan
\n3eatheilafienauidsssuniluysinlduadly
;:J{J'Jaﬁé’fqa‘jmﬂé@uﬂﬂﬁiuﬁiaaﬂ’;mﬁﬁﬂ LaEAE
voudvssunandluy (tinnitus pitch) oglugisnnud
fipsemeilsanunsovenadeosls

Sereda uarAMy (2017)*° WuIgUae
gounsldniestaeilssiudunisdadesnay
wnninsliiedesheilafiosetiadien esn
msTlddesnauiiuiunisvenadesdifiaumung
ruAIetaeilene duariadesnsanmaule
saidessuniuluyuag cognitive function

3. Frequency modulation

wiadansuuasugisrnudlueios
Prefananguu "Lﬁgﬂﬂmﬂﬁi’ﬁﬁaamﬁmﬁﬂmg
Tneiltsnsusudasunnalufniasdieilaes
waznsUSuLUaBuAudvendsanaudivhunld
swfuedemisils wanensdnwsnunaia
n1susuUasuRuaTilanalunisandeass
Tuy i
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- Shekhawat wagany (2013)* ladsu
anfdeeas 6 Wwdua firnud 2,000 1Bed
(@mSuiadestielefiufunuu DSLI/O) v5.0)
wdmuinnzdessunuluyivu Tneilaivili
msleduvarldiadesdioilugas

- Haab uwazamz (2019)" ldmaila
notched environmental sounds G‘TidLﬂfJuﬂ'liaﬂ
fﬁ’wé’wmaﬁuam‘éaaﬁmﬂqLQWWWQW@JS%QRG&N
0.5 octaves Guaﬁmm?ﬂﬁmwmuium WU
Ignadnsiin TngUszfiunnuuudouniunaznis
7533 auditory evoked response %ﬂmiﬁﬂmﬁ%
WANNSHEINUAU tailor-made notched-music®™
ailgnanaludnedu

~ Schaette wazamz (2010)"° ldin3es
Yelesuiunsldgunsalindaides laednng
Uaoaidvanaulsiegluiasanuiideatuamd
voadedluyuazanudiguisgaydonisladu
Mnnafnwwud madediiusylonituiifides
sumuluyiimuds (low-frequency tinnitus)
maidssnavluguenudiiedtudessuniu
Tumidunisidia acoustic stimulation Fedanalst
hyperactivity 11 central auditory nervous
system anas

nmssnennazdessuniuluyieussamyiiion

n13edaRsUsEamMyeN (cochlear
implantation) 1un1s¥nwménlugvaedising
goydenslaBuiuy SNHL dusuuss uenaini
faflsenumsliussamyieioandoadiduy
Tagvdnnisvesnislivszamydioaiieannioy
dessunmuluyisuuuusasrantunisuszgnaly

=1

LANANGAY P9

1. aslilszammiieuienaununislfeu
VEENIANTEUNNTANRITDUEBIAT
TunlugdUrendesidadssamyiisuldiies
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Tswnsunsgiu™ ™ wasdmuin Weossuniuluy

FetudleTneTosusramyiiion usanasiieida
\wdoaUszamyiion uenanil wavesnisan
doedluydineg dussezannulats 10 U°
Uszamyisuiasundanudediioiy
sULuUnAulih svamn electrodes ¥84
Ussamypitoniiogluyduluardsnssudliiiio
AU spiral ganglion laenss %1 peripheral
stimulation flanan7 vilwan central deprivation
Fedanalidsasiluyanag

2. Mmslduszammiisusiuivaunsal
nuilades

nsAnelae Tyler tavane Tl 2015 way
2018 isenunadusavesnmslivssampiion
wuvgunsalimiiadedunsanidsasuniuluy
Ingldnalnaes masking wag habituation

3. m3ldussammiisasiuiunisnszdu
mﬂu‘g%’uiu (intracochlear stimulation)

Chang way Zeng (2012)® l¢3ufinw
n3¥nwIn1zdessuniuluylugdaedldsu
nsHndnilsUszamyisudIonisUTuUAey
nszuabiinanuszammiealusuuuuresdng
nsldlwifonszdu dumdsanglu cochlea 7
gnnszdu uazszduliihfinsgdu wuinfesas 70
v Uaglatudsadsluyanas uazdeliniy
annsolunsuusseseduliinfingeduldd
pouendsiadnisusuugadulusunsudwiu
anidosdaluyfiiondn “tinnitus implant”®
Taeifunslinszualiiinszdu cochlea 7y
sULUUT1 wuusielifes Tnelulusunsuiiannsn
USuAsuszaulih dalnih wardnsmensedu
TngauiudUisurasaeld 9ann1sfine
wulusunsudsnanaansaanidesisluylauas

49,50

fadamasiaiiadlussezan®™® nsldlninsedu
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Tu cochlea d@ualii central auditory deprivation
anas Jvhinmedesiduyanawun egndsinim
FansdosfinmsFnvnfiuduluwdvesdnuaglih
Mdnsedu ionnianldluounag

wwIensAneisinluauian

faldImaten1sAneidelasneauie
Uszdnsamlunisanidessuniuluyeienisly
gunsalfulindns wsestioil uazUstanyyiion
agalsinu AsUszliuysyanSanveanisan
dessunmuluyindumsussdiulaglduuuaouany
Fedodunisuszidfiuuuy subjective wniinng
U3gLuluU objective eUszdiunsvhanues
central auditory nervous system SIUAY LU
n1sUszidiumae functional magnetic resonance
imaging (fMRI), magnetoencephalography
(MEG), electroencephalogram u19ga1u190
drevnladnlanalnnsiiauarnssnuideesuniu
Tuyanniy

N15USULA 988902875 frequency
modulation dwsuin3esinindeuaziades
Freils feimuliaenadostuluFosmasnisan
Wausziumusweadssildiiieandsssumu
Tuy ndnfe fursnisAnuildnisifiuninuds
‘ZJ’ENLﬁEJﬂu‘lﬁﬂﬂ’)mﬁLaEJ’JﬁULEdiSJ\ﬁUmqug
Turagligriuiinaron1s@neiltn1sanniuma
youdsslurisruiiieafuidessuniuluy®®
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COVID-19 drug therapy

Kritsakorn Rayasilp, Papavee Samatiwat
Department of Pharmacology, Faculty of Medicine, Srinakharinwirot University

Abstract

The emerging Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is the
causative agent of the Coronavirus Disease 2019 (COVID-19). This disease spreads easily,
resulting in large outbreaks in many countries around the world. Currently, no drugs are directly
effective treatment or prevention methods. Nevertheless, many studies showed that certain
antivirus drugs, other drugs and alternative herbal medicines have ability to inhibit or interfere
with SARS-CoV-2 infection. The repurposed antiviral drugs are readily used by patients with
CQOVID-19, as new indications for SARS-CoV-2 infection. This article describes the role of antiviral
drugs and herbs, such as finger root and turmeric, the mechanism of the action, and dose and

treatment guidelines for COVID-19, according to their symptoms.
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Tuuszineu (NCT04252274) Anwinslgsiniu
%1398 darunavir Wag cobicistat (DRV/c)
Tufthelsalein-19 wuimdmniguaeilasuen
DRV/c lal@nunsarindnliSateduansannis
lafieUszasdluntends Felauustlvgdae
TsalA3n-19 $nwdneenvdind”

1.3 RNA polymerase inhibitor laun

1.3.1 Remdesivir
Remdesivir #30 GS-5734 Ju
gnfnulisangu nucleotide analog dwmsudn
dvinendensvintu l8fumssusesanasdnig
9IshazeIwitansgewsni (FDA) Tildsnw
fiihelsaletn-19 wuieengvisndlunisdnude
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RNA Ta¥a Fegniunlddnuwilsaainiada
filoviruses nalsalyidonoan Ebola wag
Coronaviruses fislsAwasa uavlsamnsa unu’
Remdesivir agluzt prodrug lsiaunsasonguidlé
sggnuuwnueladnigluiwad 1u Adenosine
triphosphate analog mmmaaﬂqwél@ﬂmé’ug’q
n1svinaulafaeulas RNA-dependent RNA
polymerase (RdRp) yibinsnensiieaan siugnssu
vodhadagndudsas lfadsliannsoudsiuay
Winsuaule® graunsaann1sdunsisi RNA
v0475% SAR-CoV wag MERS-CoV lf 3siins@nm
Wiednulsalain-19% n1sAnwien remdesivir
feuola¥a SAR-Cov-2 luwad Vero E6 1uran
48 Flus wuen EC, = 0.77 uM* n1svnaes
Tunywdifiodnuilsalain-19 lnsn1sdaen
remdesivir [ vaanLaanm 200 daansu Tuduusn
Anue 100 Jadnsu/u Tusn 9 Tu auasu 10 Tu
wuhdmuidiolata SARS-Cov-2 agfmadumela
druuu witSinadianas wazennistaeniepadn
chile sumzﬁé’aa&ﬂumﬁwﬂu%mﬁﬁﬂmﬂa 3
Wiefiazusziulssansnmuasaudasase
9381 remdesivir lugtheifie3nwlsaladn-19
TuUseimaanigoludng wedind wasdioeaa
(NCT04292899, NCT04321616, NCT04315948)"*
nathafpsienainiy leud fnadenisviay
YU WUAINITTNUTB UL Y sYie
vadlaugas Rutu uazausuladingn”

1.3.2 Ribavirin

Ribavirin Ldugnsulisangu suanine
analog oongrsnTlunsduders RNA uax
DNA Ta¥a® Jaqiuldsauriu interferon-alpha
(IFN-0) ifteshwnlsnlaSasusniaudiess (chronic
hepatitis C wio HCV)® Mdusideniiednw
Iiﬂamggﬂﬁa Respiratory Syncytial Virus (RSV)
ineliAndaniluszuumadumelaludngn
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* nalnn1seengnsadiundaiuen

Taglanig®
remdesivir Aoeaglugy prodrug Asgniuualan
aelulwadiiietdsulwoglusy ribavirin
triphosphate (RTP) %ui‘]uaﬁaaﬂqm%‘ i
Fudsmsvhauveshhiaeoules] RNA polymerase
Wl salianunsadiudiuule® Snnalanis fe
E‘J’Ué’ﬂ Inosine monophosphate dehydrogenase
(IMPDH) weslgaalaas v11W Guanosine
triphoshpate (GTP) aelulsadanas dnaan
msdaaszilusiulyanaznsifinsuilsa®
usipgnalshanulunsinunavesenralisa SARS-
CoV dasldvunmendigs wu lduuaen 1.2 i
2.4 n¥u Taglitaeiuusemumng 8 $alus e
Tfendanaludiudanszuauns replication veshada
9150We* MsAnYILUUSOUNAS (retrospective
cohort study) siegtelsalain-19 wuilsifing
wansnsisluSesesssznansasasliinuie
e wagdnsinisne ewIeuiiieuiungud
Tulasu ribavirin® anuwanistunistesiu
n153fade wazn1sinwlsalain-19 fifanae
aauanlulszmadulauugininlwlden ribavirn
AU IFN-OL %3081 lopinavir Wa ritonavir®
dnsuanmsiildfiaszasdfinu 1wy dawaranis
as1adenunsinlmiinnizidenane dnafenis
MauBsu® sauﬁﬁ%@azﬁmz%ﬁgmwsmmh
grflanuidestenisvilimsnvsesseuluasss
TanuRaundnseiinisla wazliveulddmsu
Adaelsaila®

1.3.3 Favipiravir 58 T705
(6-fluoro-3-hydroxy-2-pyrazinecarboxamide)

Favipiravir gnAunuLazniniulag
U3 Toyama Chemical Co., Ltd Tutsemeigiu
Juesnulasangu Guanine analog dnasio RNA
1h5a19nT19 WU Arenaviruses wag Bunyaviruses
= & ° 2PN v oA v q7
Faduanuginliialsaldidensanainliia
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wag Filoviruses falsadluan (Ebola)® Jadumils
Tugnitlssunisaula eneglugu prodrug azgn
wunveladaeluwadifiodsulieglugy
Favipiravir ribofuranosyl-5" triphosphate L&y
anunsadudaeulsl RdRp Wildnszuiunis
aamﬁaﬁuqﬂiimgﬂ%gﬂaa Wuldganuiy
remdesivir kag ribavirin® &1 favipiravir Qﬂﬁmﬂfi’f
$nwnlsndluauarldvinlnglulssimadyu
wagldsuoyfalildiioiJunildsnuilsalsa
I¥winlve) (Influenza virus) TAnnishesos
Filasa® Tunsfinwgslunisiulada SARS-
CoV-2 w8481 favipiravir Tulwaa Vero E6 #o
\ela3a SAR-Cov-2 fidn EC_ = 61.88 pM*
yurneniildiiiednwilsalade-19 gefle 2,400
fiadnsu nng 12 Falus Juew 2 ads Tuuusn was
Fudnly 1,800 fadnsu wnq 12 H2lus Yuas 2
a%® msfnwuvuduluduedinvesssinaiy
IeBuneinfieiigninundieen favipiravir i
UszAvBaniia vilernisuenuas (pneurnonia)
ﬁﬁﬁuasiwimL%ﬂuw:ﬂwiiﬂiﬂ‘im—l9 fifnde
Tusyezusng dnad1auAestoe anszezIalun1s
fadelafannn 11 Fu 1 4 Tuas uazkavesns
wnnsduaanuinenanunsarnuldatudle
dieufugaelaildsuen® venani lumsvnaes
seauAdliniuud (randomized trials) dA13
Usgiliuusednsainwes favipiravir $9uAU
interferon-O (ChiCTR2000029600) W&y
favipiravir 594AU baloxavir marboxil
(ChiCTR20000295 44) &a8Ej53Win9n15Anw
feUszansam® usilosineteyalunisinu
favipiravir ldundnludsemeansgowsng FDA 3
FildoydfRllflumssnuduasidulsalaia-19
witagdu favipiravir gnuunldlunissnuilse
130-19 Tulsemed JuuasAulailife™ nadhafes
veseiioradintuld fe viliteade Rnanae
naneinludeniu vioeaiimeulaiiuiugedu®
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fisre91unudnen favipiravir desriildnisn
nyodooulunsindiauidauninaziinis
(teratogenicity/embryotoxicity) 3slainasla
Tundeanssd™

2. ngugrduilulinguendiulada
(Non-antiviral drugs against SARS-CoV-2
infection) laun

2.1 Chloroquine &% Hydroxychloroquine

g1 chloroquine ey hydroxychloroquine
HugnildlunstestusazsnulsaunarSouas
TsaiiAnensdniauidess Thun Tsngfidufu
yaeded (Systemic lupus erythematosus,
SLE) uazlsatedniauiuiness (Rheumatoid
arthritis, RAY® Ineenagvimthiitesfiunmsaensu
va¢la%a 91nnisdudenszuaunisinalediady
(glycosylation) Fafunszuaumsiitneaddusiu
PMNNISRNAIS LUl SAUUAISUTDILAE LaEn
flumumvlunstiudanszuauns proteolytic o
anunsadudanszuiudnlelelnda vililaa
liannsadguadleadld wonainid wudien
chloroquine ag hydroxychloroquine @11138
Usuwasuszuugfiduiuld Tnsannsudslelalad
(cytokine) #1149° Tun1ssnwilsalain-19 &1
a3190Ue9UAUIUTAUAITU ACE2 LUULUITY
(competitive binding) 3viliila¥a SARS-CoV-2
anunsduiudsuuuinvessadlsadanas d
anANansalunIsinzdiwadloasd way
Jamuinedessiaiinasonisannisunside
h¥aszzanine (st stage) noulafafiazunsido
U ugadduq® nsfinwirares chloroquine wag
hydroxychloroquine Aoiali¥a SAR-CoV-2
Tunaeanaasndunar 24 3113 wusAY
duduveseniiaunsadudinsinlSalusadle
50% (EC_) D 23.90 Loz 6.14 M I Vi
nsAnwtunywgnuIniielien chloroquine fiu
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AUaelsAladn-19 ¥193uTIUIINNI 100 518
Tnadnsi wiogtlsinudoyanisnddinues
Un3deddiillamelinsiusivazideaunnin®
31891UN19AN®I81 hydroxychloroquine
TussmenSama fUuuunismaaes open-label
nonrandomized fisiuruavldimun 36 519
(auldl#3uen 20 118 wagnguauauildlsFuen
16 518) IaglvigUassulsgniugrvuin 200
fiadn$u v 8 Halus wugthedléiuiaansa
diumsidalafalddndinguaiuey uenaini
InAdelsifinen azithromycin fuauldilasuen
hydroxychloroquine wuhannsardalsaldamy
dlawseuifisuduldean hydroxychloroguine
wieerdafen uadadumsaneluruinusesnns
nqudnuazdilifinisfinwianulasnderese
vepadin® nnsldenrisaasedaiioviudne
Tsaladn-19 luvardlduuinen chroloquine
500 fiadndu 2 adredy Ty 10 Ju uas
hydroxychloroquine ‘ZJmmﬂﬂ%dLL‘ﬁﬂ 400
fladn3u wazaunenndadaly 200 Saandu 2 ads
sio¥u ndsnlvemuh ssslinudeluansimds
yasauldluszaznandilvien auldinanisnsran
$983M0nATy 1iun1sidaliga SARS-Cov-2
annsfulsaanuinuaranszezaNsAnLde
1% nadhadiesanen Ao Aduld o1deu Heads
o1sflsifiaUszasdfigunssinuaine) Ae 019
dawaneszuuimilalaznasniden vinlwirlaleu
HAUNANTBLANNGUBIN13588EAINE1IRAUNG
(QTc prolongation) Fulufivseiila n3eens
yhlAnazindenuasunnveaginseseules]
G6PD 18° egnalshinnu Tuanisdnuilugiae
15alain-19 lasrenunldiansuseloviniemadn
sofUaen1endslasuen hydroxychloroquine®®
uona1nil luguaslsalada-19 Aldfuen
hydroxychloroquine Wag#1 azithromycin dle
IgSusuiuvinlferiaossiafidinieddniien
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nIUNG ﬁﬂﬁgﬂwﬁizwﬁaﬁmamuﬁu 971988
Hrafpaigunsdls Tudeqiudslinuzahliiie
15aladn-19 $nw1aqu81 chloroquine
hydroxychloroquine Wagen azithromycin®

2.2 Azithromycin

Azithromycin LHugnufFrusfioong’
2nd1engu macrolide finadudanisvianuves
WUATISE (bacteriostatic) Inetnvaensasalushu
numssudinsvnaurestsluleuwunn 505 Und
Fueildsnnlsaindevesszuumaiumela
Feaulaunldifiesnuilsalain-19% n1side
Tunaseavaaasnuindiolsl hydroxychloroquine
fauffuen azithromycin TWnaiasugndiu
(synergistic effect) Tunsdudalada SARS-
Cov-2* lussiunaiingtheiinndelein-19 163y
hydroxychloroquine 911 90 fiaansuluiuwsn
uag 45 fadnsu Tududalu sauiv azithromycin
YU 250 Haansu Tanaliusnanesiunisada®
ansasanfuedulaiietestunisinde
wuaiiSounsndeu uagnudinguiilafu
hydroxychloroquine $9ufiU azithromycin
(§1uu 26 Au) asraldnuidelada 57.1%
lufud 6 leIsuifisufunguitld $u
hydroxychloroquine (#1121 20 Al) 9819LAB2Y
TuvnigfinisfinuiBaefuny (meta-analysis) 184
Fiolet wazAmz® wansliliuinn1ssneniege
hydroxychloroquine $21AU81 azithromycin
oARAudssoMsLRTIMade Tirluthe
Tsladn-19 sty femsszianslden vilda
amegilaiuiindaay (QT prolongation)

2.3 Corticosteroids

Corticosteroids Wugesluuiidansziin
Wodsunuunisadisgesluuressounuanle
fignsdunisdniau nagfiduiy iloruidng
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Besiuladdufiudafu glucocorticoid uaw
indeuiidiluluiundoaludulusumisiniuey
nsdueeiBuasiusiu Jadeni sucocorticoid
response elements @swnaldiinnisduds
phospholipase A2 ag cyclooxygenase-2
Fenovaueufeafunisadedesniau
prostaglandin waz leukotriene inlvan
wwadenLausnee Laln macrophages, eosinophils,
lymphocytes, mast cells wag dendritic cells®
sUn@ corticosteroids ltlugfinguainis
meladgruiniBeunau (Acute Respiratory
Distress Syndrome, ARDS) #38dn15on @uiivon
mﬁmﬂ*ﬁu@ﬁm%@la%’a SARS-CoV-2 Liloan
nssmiaunmsindeluusnaen usililie
Turunaund Wesmmiliannisiidalisaas uay
duanudedunisindelifadn msveniua
angiidunmuvesihe Safeslduuinediuas
Limsldiau 7 T msfnwmendinvestae
Tsaladn-19 ¥173udnnu 201 1o Aifinguenis
ARDS #%&a331n1981 methylprednisolone WU
andninsidedinasuinndgladldsuen”
WuREIiUNIANYIURY Horby wazaelg™ Tean
dexamethasone TunsSnwgUaelsalain-19
fiflornsuensniauuLss nuNETlFRueis
mssendinunnnin 1 Tu 3 veadteilalésuen
%ol ovnanenssniauane n1sUenuay
adlé uipglsfinuannnis@nwideundaitnuan
nunataAg o Reut19n wHaRNnlasy
enguilndosimatnanllumsinuiaelse
1A30-19 fon1TAIUANTUINETBE 1N TEINTE IS

2.4 Tocilizumab

Tocilizumab 10ugnsnwilspdadnieay
5HmeYs (Rheumatoid arthritis) lusgiuliuna
fasuussluglng wielsadesniaudus wazldluns
Snwlsadasniaulinsuanmslugin tocilizumab
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fidnwazidulululrausaneudived fnalnnis
genqyisTFuTUINEAef3Y interleukin-6 il
IL-6 pongvidlalls 34 IL-6 Wumildulalaletiinszsu
TiAnnsoniau waznelmAnn12z cytokine storm
lgnmsiinnngmelaguman (respiratory
failure) aduanmndinyuesnisideTinlugioe
fiRnidelein-19 iformaguusy” luauldifnde
1A39-19 193U tocilizumab w1 400 Tadnsu
wudraulddnanisnsraniededvesuonivy
ndslasuen” Tulszmaansgosnilauszidiy
Usgdninmiazaulasnieues tocilizumab
soffheiinndelein-19 fiflarnssuuss aunso
angnsINIdeTINlANe 45% UANUINANNIT
ndusdusn (super infection) qﬁmﬁ'mﬁauﬁ’u
nandilalléfFuen” vauieiunmsanuilulszina
8018 wavesnslden tocilizumab Tuauldlse
1Adp-19 ATo1nsgulssdiag 148 518 wud
5¢fu C-reactive protein (CRP) Fafulusiu
fisenieadiaduniionsvausssienissniay
Wadenun uazindmdonaglusziuiiundnay
f8nsnssentingaininnguilalldzuen’ o1ns
Liflssvasdinuldfansinierimadumela
duuu Aedniay Uindsey AnuRulalings

2.5 Bamlanivimab

Bamlanivimab tJulululnausa
uauRveRTINAmBEUL UKAoLy das 6T
iloradfunisinidolada orldnvuzadie
LoURUDATA 1sG1K YoUYLE (recombinant
neutralizing human IgG1K monoclonal antibody)
finalnnseanguislaeFuiivsindiaasu Receptor-
Binding Domain (RBD) vualuilusiuvedlasa
waztoaiunisiuseninsalidlusiudusiigy
ACE2 vuiBevuiwadvasiwadlaad’ :1uidy
Tunasanaasanuiniieler bamlanivimab
sauffuen etesevimab dudulululpausa
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WoURAUBALTUAY @u50annIIVINgIuTeelISa
SARS-CoV-2 angiug P.1 wag B.1351 ag1edl
HodAag ™ n1sAnuwiUszdnsainussen
bamlanivimab TafUe1 etesevimab Tuananasing
A1875 double-blind a¢19du lu phase3 lag
1 bamlanivimab wu1a 2,800 mg AU
81 etesevimab Y10 2,800 mg sesantugte
15ala3n-19 Wm'ﬂ@'ﬂwﬁié’ifumﬁy’qaawﬁm
ansnandolida ansvernsshilsmenuna
wazandnI1NSENT IR 19l Tud Ay nIeaia
deiSsuiisusungueuen” anuuamidlunis
Snwlsalain-19 (COVID-19 treatment guideline
panel) louuziiloilden bamlanivimab 4119 700
mg TIUAULN etesevimab UM 1,400 mg #1150
THlumsdnwguaelsaladn-19 fernaidntes
fetunans Feenafieudedunsiannvedsald
omslaifissvasdvosenitenaifintu L rauld
Vieude aduu Ynvia 0amsdu anegiilauiu®

nsAnwayulnsiledulsaladn-19

NIZYIU

nsvneniifemenmeansao Boesenbergia
rotunda (L.) Mansf. 3n8gluaad? (Zingiberaceae)
wuldluuszmedu wazuinaieluny fusanidesld
gvismandielunsiunssnauaingfiui
Frudeuuaiize fuoyuadasy wazdnuuzd®
Mneidelulsemdlng lavinimsadanses
ansdfgyanansainanayulnslvendi 122 wia
#1875 high throughput Wu11@15 panduratin A
fianmldainnszvievn fuszdnsnmlunisdn
Fela¥a SARS-Cov-2 Tmedimnududu 10 uM
annsndiudadiolada SARS-Cov-2 gufla 99.97%
warlaiuiweowad nalnfidululd fe
panduratin A annsadiudenszuaumsionlalelnia
voshiadduwadloanls wazdudansruaunis
Winsuuveshfa dunsdudueuledisies
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ya3la%a FenrsAnwiansataainnszanen
Hoglutuneunisimuilussduadin uazns
Anenaemnuaenseluauld® wenani Saui
panduratin A lunszaneyniirnuanusaduds
nM59I9uYes HIV-1 16®

VUUYU

v '
v ad

iutuiideineiaianife Curcuma
longa L. (Curcuma domestica Valeton) %’magﬂu
WATS (Zingiberaceae) an3dfigy Ao curcumin
faaniRiduansiueuyadasy Sudinmassadul
Y099AUNIS annsdniau® waediquisula¥asn
mMssumunszuIumsissuredhsalilaense®
dmSuiielada SARS-Cov-2 wuiens curcumin
Sl mmneuasdunssanmsonsusassudins
Mauveaoulesl 3CLpro uay cathepsin K il
Ta¥a SARS-Cov-2 lalemnsaiingiead uagifisduou
Tuwadleadld fsvansnnlunsannsinde
hsadafadlé® doseuiiuiuduayulnsiia
natraAssesiudufiaulalunisiunldsnw
wrod19lsnmunisAnwimienddnlugUaelse
1a3n-19 Faillaimnninlulagdu

ABLAALYUA WA (convalescent plasma)

ADUINAALYUS WardN1 IolUThu
pifuAulsannisuinadenvesg e
werdulsaudailud lumewiadiwus wanaun
fuoufiveiseide nalnfiniadnintundsan
flgsunsuaaius wanaunieswnlunadun
vosauldinioainlsaazdduylulnaydu
(immunoglobulin) Fadulusfiufisnsnieves
fwadistuin Tasiamizduylulnaydu G (g6)
Fmidilunisdudl epitope Fuludumnilives
WauALU (antigen) Yaslasa uLauRvaRvznIEAY
STUUADUNALLUA (complement system) uwag
nszsulisadidadonumainegiduiufiadu”
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wonnil IeG Uiy S protein vlilhsa
Tuaru1saduiudisu ACE-2 vaaLad laan
Fadululdimnguaeidulsalain-19 165y
wouRveRnananiiniavtelrenmsaoule®
wonanil dauidlelimanasnestheiivean
Tsawesa uazensa urgtheiimdadulselein-19
annsarliauldonisity wazsdadelisa
SARS-CoV 9™ peAn1se 1 suazeueslszine
ansgaisneudilildnouiaaiaud watau
Mniinelselain-19 filusudraninugihelsn
1a3n-19 Tunsaigniau”™ nstimauiiaaigus
wanasuAghelsalain-19 Ao Insguusenidu
Wud’w:d’ﬁ’mmmsﬁ%umaiu 12 70” wazilsneau
nsaeduylulnayiy vum 0.3 89 0.5 nuse
Alansusiotu Wuna 5 fu wdlvnadnsia
Tunsanusunadlisaluansdnndsas luvaed

7 @nwn

18971UVBY Simonovich WagAe
UseANnSaInuenauInadigus wanauun
JUaelsaladn-19 Afernisguussuaziionnis
Jandniau wuitnanendinuazsnsINTsidedin
youheildFureuItaaisus nanaunlsidany

upnensegslitudAy msiinsAinwiidusely
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dyuna

N15uNIszuInvedlsalain-19 deidu
Ingrnsalnaduansisuguiidsngfigaveslan
Tuthgtu whhddsiimsfumugdnibiaiaims
salsail udnsdumeniug idldegfeswlata
SARS-Cov-2 oraLdumadentumssiindelda
¥iinf uonanendnulasa ednwilsadudeusniay
gINULNASY B1RusNEU 81U TIuE 1nandl
wendalinnsldanulng vsenislireuiaaiud
wanasn ungUeidernisniinuds Felinaan
Ysinahdauazanausuussvesoinisiugdae
adlditui dunvnaewnandindmsuensadug
falidnanning lngegsgyrnsmsusudiudsyavsnm
wazAuUaenieveseidanudullly dmiy
dnlaSnwghelsalain-19 Jagdumsiauiuway
AR InTusnulisa SARS-Cov-2 dnSaisausosudn
uaidslavtaislunaneussina fafu Ussnalne
FafluuamensSnwilsaladn-19 d&vmsuueains
n1aMsuImMERdavilaensunTunng N3Nl
a51384gY UUUSUUTE 18 nanaw 2563 Ll
Juwwmnslumsuiased e
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a13eagunsldenndanldinugdaelsalain-19

. < 5 4 = v v dausvisetoua
GHEY nalan1seangns Foe wanangnifenanld | wathafes Joat T
Ayt
Antiviral drugs | Fusion inhibitor | Umifenovir - Fudmsifins iy | - ke Taluugdnlu
¥9la5d - Al gned Asld
- angmIINISLEeTIn | - 9 deu ugIR
vaUae -fwasenns | h¥aviingu
- ansrezanluns | vnauvesdu Tlunssnm
Shwn 1sAlAiA-19
Camostat mesylate |- @nsatlosiu - wien A A 985813119013
15a SARS-Cov - Al NAADUNIAGTIN
Wndwadidouiin |- endeu I
viaonaNvDINYweld | - Tnasean1s
YINUVDIAY
Protease inhibitor | Lopinavir/Ritonavir - anUsinadelita |- eduld Taiwuginld
- anomsuaauals |- 9deuann Snwdiae
- ansrezalung |- Uianes 1sAlain-19
$hwlsa - 9INTEIN
- fludnLay
Darunavir Fudamsiiiusiuan |- feude laiuuga il
vaila¥a - pauld 0113 | 3nwaifiie
iy TsAlAdn-19
RNA polymerase | Remdesivir anUsnaudold |- fwadenns | wusailildlugi
inhibitor YINUVDIAY fo1n13Uenuau
uazle DEYNTULS
- fuy
- pAuld edeu
- audusi
Ribavirin ylshasaldanansa |- nsidenans | wugilildly
WS auoulel - flwasionts | ghedienns
Turunneniige Wauvesiu | Usaudu sauiy
- nINVvisermeay | IFN-OL ¥3e81
lunssiiaun@ | lopinavir Lag
P30S ritonavir
- yalledmsu
fUaelsainla®
Favipiravir anUsinalisalad |- viewde wuziililgle
- AMENIAYIN "Luéﬁﬁmmi
luideniiu Taiguuss
- finanefy runand
- MsnviResgeu | waruLs
lupssainund
W3aNAT
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a3eagunsidenmhunlddnendiaelsaladn-19 ()

. < o 4 = ” v o danuzvisadoya
nguen nalnn1seangvs Faun wanangnifenanld | wathafes doat
Ayt
Antimalarial _Glycosylation | Chloroquine uay | annsunsidelada Taiuugailwly
drugs inhibition Hydroxychloroquine | szeggaving WA
- Proteolytic azithromycin
inhibition lunsshwgiag
- Exocytosis Adulselain-19
inhibition
- ACE2 receptor
inhibition
Antibiotic Protein synthesis | Azithromycin _ Shulsedndeves | Wladufindone | liuusihlald
(macrolide) inhibition szuumaiumgla | QT prolongation) | Saufu
- Mivauiu azithromycin
hydroxychloroquin 1um§%’ﬂm;§ﬂw
gudslasalaa Adulsaladn-19
Antiinflamation | Phospholipase A2 | Corticosteroids anNIIONLAU - neggnlTIE U | wugiiloild
inhibition R ——— N7Vl T b
iy JULSS N3
- amwinna vy
Tudongs
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Dengue Shock Syndrome complicated by acute liver and renal failure

Waraporn Somwong', Akemanee Pattanapipitpaisarn’, Kongkaew Younboonhlim? Panjit Phothong?
'Medical Technologist, Diagnostic Laboratory, Hospital for Tropical Diseases, Mahidol University
*Nurse, Department of Nursing, Hospital for Tropical Diseases, Mahidol University

Abstract

The severity classification of viral infections according to the WHO 1997 and WHO 2009
criteria are consistent across two major disease mechanisms: plasma leakage and bleeding
disorders. According to the WHO (1997) criteria, dengue hemorrhagic fever patients were divided
into four levels of severity. In grade | and grade Il, the patient was not affected in terms of shock.
In grade Il and IV dengue hemorrhagic patients, plasma leaks outside the capillaries. Grade |ll
patients have a weak pulse, narrow pulse pressure (< 20 mmHg), and grade IV patients have a
severe shock in which pulse and pressure cannot be measured, which is also called Dengue
Shock Syndrome (DSS). The WHO (2009) criteria classified dengue infections as dengue with
warning signs and severe dengue. When a large volume of plasma leaks, it results in multiple
systemic complications in the body of the patient. Patients with acute hepatic failure were also
associated with acute renal failure and the occurrence of this condition was also known as
hepatorenal syndrome. The patients were found to have severe liver failure resulting in portal
hypertension and acute oliguric renal failure. In the early stages, the kidneys functioned normally.
However, there was a circulatory disorder and a decrease in blood supply to the kidneys, which
eventually caused the death of the patient, if not treated promptly. At present, there is no
specific therapeutic approach, including hydration, electrolyte balance, periodic monitoring of
laboratory results, acidosis treatment, therapeutic plasma therapy exchange, the use of artificial
or temporary hemodialysis, and renal replacement therapy, in which the physician must select

the appropriate treatment for each patient, based on the clinical conditions of patients.
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NTZLNIEE9a18 (external incubation period
fitaaaszan 8-10 Yu) ndmntudoasdng
southany ednaudeluazddenidiolifainsd
Tiauihu wuiwdelhansfannsnoglugdldum
30-45 '

ALY TEAUANUTULTIVDIDIANTS
augialan (World Health Organization, WHO)
Tul A.A.1997° auAdienude saldidenesn
Lmﬁ%ﬁmmiﬁwﬁ’zyﬁ@ugﬂt,LUUﬁmwwz 4Usens
o flligeans 2-7 Yu idonoeniiaUni indaidend
(<100,000 1wad/au.ui.) uaziinssivesmanaun
Augusavedtiidansanned wialu 4 seév
(grade) el

grade | {Uaelaifon Tldidaundu (acute
febrile illness) W 2-73u ld3%zanas nMsnageu
yined (tourniguet test) lvinauan dn1ay
Hiduvomaanesnueniduidentes MU
WNAALEDA <100,000 Lwad/au. .

J Med Health Sci Vol.28 No.3 December 2021

grade I fUeliddon usilidensen wu
fyadenaanniudd Heniailua (epistaxis)
pdsududen ohe (melena) Wusu dane
$Fuvemarautesnuondudontes Ausune
WNAALEaA <100,000 Lwad/au. 1y,

grade Il {Uaeiinnadon (compensated
shock) i3nasiunsa pulse pressure kAU (< 20
fiadwnsusen) anuiuladind1 (hypotension)
wiefliufu uionan nsvdunsydne (restlessness)
Aawtadudie (cold clammy skin) wagdlszozinan
Aundureadenlurasndenneoy (capillary refill
time: CRT) 41nA91 2 Aufl dnzduaes
nandeenUBnidudenANes AUSINaLNaALREN
198N 100,000 Lwas/au.3ul.

grade IV Q’ﬂ’wﬁ%aﬂ;mm laigwnsa
Julinasuaz/nanusulidle (profound shock)
finnrdrfureananauiesnuanidudondos
AUSINanandantioanIn 100,000 WAR/AU.LY.

AUl diionaenindi grade il L grade
IV ag5au5enin lsaldidenseninaiden (dengue
shock syndrome; DSS)

nsadulsaldidensoniaed (clinical
course of dengue) Ludla 3 szuy Ao svewld
(febrile stage) svazingm (critical stage) way
wazﬁluéﬁ”; (convalescent s‘tage)l'4

1) szt JUheaziiennisidge dalvgy
93zgeaes (continuous fever) aguu 2-7 Ju
Ifinavguiu 38.5 sernwaldoa JUleasdl
91N13NUILAS (flushed face) 1IRTIVNUABDLAS
(injected pharynx) Joewns endeu vese
gnatlonnisuanvieasiusie Tngazilonnisiand
gelaseun TussoeRiisulndnilvgsadsesna
Sufi 3-4 fuainisutae eansfinutes denu
nidenseniiiavils (petechiae)

2) szegingevtosvesden \Jusveeiid
M3SIveINaENN AuauUsTang 24-48 Falu
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wanasnaz i legiivewiosazveadorulen
winn1sSvematauivunamazlinisinw
naunuseasuilyuaginldiinniae
hypovolemic shock auula Fan135rves
wmamﬁdaﬂmﬂ%Lﬁmﬁuw%fauﬁ’ulﬁﬁﬁaﬂaaasm
590157 anwasﬂuma Fondrulvgjaziann
wmmmaq suaymuLﬂmﬁuuamasmmmlulmu
mﬁm-ﬂamammzamgm8@1%&8%3@1@ Ai¥etd
vrseenainissivemataulidunnyilildiie
AEden m'U'mﬂauumaimumﬁﬂwﬂumq
svezandug wlonmsituetiesings udly
BqdjU’J‘EJU’N’:?’]EJ@’H]EJ@’]W]EU’J@WENLﬂWUuE]EJN

1 wunas

=1

nszTutunsut1nsdenluszesil
WasuuUas 2 Usenns fe

(1) #n1552veematann sefuAia
dudureasindonuns (hematocrit) tingu i
lureadevudonuastosiondiutu sefulusiu
uazsayiuludenansiias

(2) 520U peripheral resistance ey

3) svarilui len1s$rvemanaun
nga nasartnacuazussiy anudulafinund
seogiluldiom 2-3 Fu ftheasiiviinataams
N (diuresis) Sufluesnsuussmuens
a3 (bradycardia) ®19WU convalescent
petechial rash Aeltungunidensansous Raunf
Auagifiuiiury 1 o uagin inninsadisn
wsolumni

2INMIUEAILALNITATIINWBIUHUANS
Aznsidenauisaidadslaannnig
lyaipuidenduinan (circulation failure) 1AnA
MsSvemadnlaeiatuame Ussneusie
Fnasiausaziuiad dnaneseninemanuauy
419ladunazaany (pulse pressure, PP)
Town 20 fiadunsusen Anausish (hypotension)
mia'qLﬁamimgsuﬁmﬁaﬁwﬂ anag (tissue

hypoperfusion) dsxalithedennisnsedunseany
Rantaduda (cold clammy skin) S¥agLaan
Aunauvpdenlurasndonkas (capillary refill
time : CRT) nnnd 2 3unit ingthesionnsdenunu
auilrinanusudenldla wionandnasluls
svdamaliiAnnnunsndeuvesetoazaneg 4
JULTY (severe organ involvement) %a183¢uy
laun Azdunedeunau nnzlanedsunay
nénierladnieay auessnian (encephalitis)
LLﬁ%ﬂ’]’JzLﬁaﬁaaﬂﬁjuuN (severe bleeding)

N399I URNT enud3unn
WNAAEBATEENI1 20,000 WaS/aU.NYL. SEAU
Arauduturedinidonunsanasiiiosnin
Ana1zidensendisuiss seAudsuLaniamn
(serum lactate) 11021 2.0 mmol/LIgAu
TsAunagdayiiuludenanias sedutoulal
aspartate aminotransferase (AST) W@ alanine
aminotransferase (ALT) de1gq Wuiﬂéjﬂ’mﬁﬁ
M3sSvemanauvzisediu AST uag ALT geni
Tugftheilifimsyivesnanasn 2-3 wih*® Andladi
nsudesivendoninuni laun A1 prothrombin
time (PT) Wag activated partial thromboplastin
time (APTT) wiunUnfuazszeu fibrinogen
fnIUnd

we3a3sInenvadldidensannidaniiianu
suusslusedu Il uaz IV Aflnazduaeuas
laeunsndou
INANTNUNIUITIUNTTUYBIATANS
TyAd1unedng wazany wuiavefidiuade
A58 TdnUssanamsiainandadeniaz
UNINLIUNARTN INAIANBINIITEUININGT
299 Nguyen WagAME WUINAITUNINGBUIIN
Fuaedounduiilentaidestunisidedse
Uszanag 1.5 W11 91nanzunsndountsnadniil
AuduiusiunsdedInlugthelsaldifensen’
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ueNINE N13ANWITaY Shi-Yu wazamiy WU
fuaeldidenseniiiinnzlanedounduilenia
ewionsidedin 5 winnamzumsndeuns
padndislauduiusiunndedinlufiaelse
ldidenoan® ndeyatredunuitfunasle
«

WuaieenilanainnN e wnsngou @i
AUieianudswon1side TIng ey

1) WeNSEITINYIVBINITAANILAUIY
deldamnsfdladgnazuadenvesiine
danaliAnpnudemefiwaddu (hepatocyte)
Tnonss leadsuiidnisindetuinsniay
Ny IL-18 Faiwifinszdu Fas ligand Uy
wadduvhlvilwaddugniinaieaienssuIung

° szuuinuYeIs9NIeiANIg

apoptosis™
fauauad (host immune response) sevelaa
Tnevdiadenvivdia T cells wdsans pro-
inflammatory cytokines (TNF-QL, IL-6 W& IL-1b)
Farinlstnsiminiveawadynisnasaidon
HAUNA (vascular endothelial cell dysfunction)
waaleulafildey (endothelium) vorasnLdon
Wae (capillary) vhuiiiaunfidia endothelial
tight junction a1999n QuaadLeUlaTILAYL
gﬂv‘hm&mm‘hmumﬁmLﬁamﬁéaamamazﬁmm
WanaaT S amenu AT awmiindniden
amaﬂLﬁ'awmgﬂdqmé’qﬁwmeﬁﬁwm%amw

v

Ny
N135IveINaTaNIBaNUeNiaanien
(plasma leakage) mﬂsﬁu mi%bammwmamlﬂnﬂdau
v835°19M18 MIUediennsuInvies a1
liver congestion a5aanudula naLdu finsenves
Lgaﬁuﬁu (liver’s capsule stretching) L?jaﬁuﬁu
wilduuszsamivannuddn uwifliiodosulad
fodu o1nsUantiesiuinanduilatuudain
nsBaveadeviusiu WHO (2009) lsfmuninasi
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wndulasinielasuIInng 2 wuiung
foludyaaifouvedldifonsannaidenunse’
wsiglunsalfihesaussSdifsulnagudla
ansnsalfinasiild uenandmuingieannse
WAannzdunelaudinesliifnneden a1nns
Anwg{Uaeiisianzfudniaudounduiifie
ol AST uag/v3e ALT 111031 1,000 gilasie
ansty fhasdannglamedeundy Winnny
Fonoaniauni uaslsamsauenintusiugne

nansameviesUfuanislsaldidenaan
WeATsinERuIe

(1) A1 AST Uag ALT 111091 1,000 gl
HOaNT

(2) A1 total bilirubin (TB) waze direct
bilirubin (DB) \fisTulaedndau DB/TB 1N
Jogay 20 U'%mzuﬁagﬁmﬁwﬁumﬂmié’ﬂLau
YDUGARRU LLazmiﬁﬁ liver congestion 210
ns¥vemananSinannnluiodesuauly
Jeaviethi

(3) A1 PT uag INR ﬁmqqsﬁu 99970
Suvhuifiasstladonmsudaivenden

(4) Andows i seAveselulasia

AsvoRtu loden Inunadeu luaisueiun nglaa
Weavesa wundley uavuraiden Lesannnud
szauindousluidenazinunfaunseiisdswaly
LﬁﬂmmiqumﬂuauaqLﬁaﬂmﬂﬁqummﬁﬁu

(5) /1 albumin azsnAUNR asan
Sufividiadelusiunatesila

(6) dsmsrvnduldssnuigedosiaq

duuu

(7) M350 979BU9 WU teneLsdneufiawes
awes (computed tomography) lunsédifiasdein
Hidoneanlugusy
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msinwlsalfidesesnindiiisinmziune

Fdnnfifmdolasamaidilvg azdien
woulaivasdiu AST wae ALT geuazaznaunndu
Unfinelu 2 & nssnundunuuyszdu
U3¥ADINNTTEYAIUTULIILALDINTVDLSA
destunazulvdadoiviliAnnnzduneudas
amzdunedeunduinmuluguasiitinngdeon
Juuss daaliildnsinsidedingaieannd
ofvrduduvanianie Taslawizegnsdennie
ANBIUII

2) wendassImevaInsiianizlane

el fansfidloiingnizuaidondamaly
nivaendensniauuasinnsiivemanaiesn
uenvaeniden VlHisnsanasesSinaesi
Widsslpanas dedeldadsadnduiloas
TnensauarUassansdenisdnaulalnanediiu
fusondmile lminanenduiioaaans
(rhabdomylysis) @swaliil myoglobinuria Pt
solen 1neaznsiany myoglobin Tudaaig™
Uszneuiuitheunsnenidulsadindonuauanie
Wi nngnseeuleyd glucose-6-phoshate
dehydrogenase lsaglulnadues (hemoglobin
H disease) 1udiu denaliinnizindonuauan
Tunasalden (intravascular hemolysis) lag
M TI9NU hemoglobin Tutlaame @15 myoglobin
wag hemoglobin azgnnsaarulnameslaidin
lutlaanzuasinaduiivaevioln naduaian
(casts) uawiinnsgaduvesviolndanaliiUae
fdaaizanas AnuRaunfAveslnaiuejla
(glomerulopathy) Aatuldmaneuuy wenani
danumnuRaunfivesnizdianinslaninund

SunegUleiinsneuaueInaiauii
(immune response) vin immune complex
Y99 dengue virus-antibody complex IGEGE
filalngasansedunisinauvesneundiuud
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(complement) iansvhaneveailedelnnin
anuiinunafiwulslunguiinglfidonsendaulig
gwun12elUsAus (proteinuria) nglaa’a
(slucosuria) warAlausludlaans (ketonuria)
Tngn1glaeldeunay wuneia
nsvinuveslainuanatediudsundu lay
fin1sanasves glomerular filtration rate (GFR)
ﬁﬂﬁﬁmmiﬁ"aﬁuaqe&L‘%ﬂLLazﬁanLé‘wSuq wenanil
Haflnaronispandurenndouns wazih

n13IsIAINNReIUfuRn1sldiaanaan
weffisinnaglaane

(1) a2alaanaz (urinalysis; UA) wuan
fAAuandnIztesnin 1.015 eranulusiu
nalaa Aoy vseidenluilaanziilesaniianns
8nia@u (glomerulonephritis) wuliiadanv1a
(pyuria) esannsialasnauludesinesewing
Wad UNNTI8ATIINUAd URYIBle (renal
tubular epithelial cells) losanfinisaeves
Heyiaviolnedadsundu (acute tubular
necrosis)"

(2) avszaugiielulasiau (blood urea
nitrogen, BUN) uazAsto@tiu (serum creatinine,
scn) Tudesanuganinung

(3) aaszaudianinsladluidon 1ou
Inunaesuluiiongs (hyperkalemia) Fadu
awmmsdedinfidifueinntlanedeundy
angladenludendduinnnissilvaves
wanauneenueniduden nuwealeuludons
(hypocalcemia) $aufiunaainsluifongs

@) asnszaulmaleuluden (hypocal-
cemia) WuindiAs

(5) avawunmzdenliunsa (metabolic
acidosis) Wunitmulpehluluitediiiamzden
waznnglaneldsunay
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(6) ASIVTLAUATLOATUY LULAUY WAy
osmolality Tuideauazlaangiianaeiiu e
Usziuvfinvainnglanedeunduinduvie

prerenal 38 intrinsic renal failure

nmasnenlsaldiFensenndifiiinnglnme

;ﬁﬂwﬁﬁmL%@h%’mmﬁmﬂmjamm
metesls mMssnwnduluulszAulsznnniu
JPETAIUTULTIMALEINTTVRSA UseiluuSun
arsinduazeoniduszery fnnueigise
lulnsiau asefflulazadiofunaaialaiudg
(creatine phosphate kinase, CPK) Lﬁmwz‘]

nalnn1s1inva9 Hepatorenal syndrome
(HRS)

Hepatorenal syndrome WJuniay
unsndouiiinluguaslsaduinodeunduay
biiAnnglane nannisinaisudonlu
Fosieainnisvenesiunniy dewaliiinnis
vouvesilangas Mntudeasolalaesiili
finsvesvemaendeniiundeds anzlane
ngUagduedundy ladinisiinuanas
g9t Uszneufuithluresiessinasnniy
Tnglianunsamuauldmesndulaanis

wneuailun1538aR8n17e Hepatorenal
syndrome 014 International club of ascites
(ICA) Usznaudae'

(1) FUhesiuuds §n1e ascites

(2) @1 serum creatinine 111N21
1.5 Jaansu/indans (133 umol/L)

(3) A1 serum creatinine #asnI1 1.5
fadnFu/nddns aneluy 2 Jundsainngaen
FJulaaniy waglid volume expansion #7e
albumin infusion 1 nsu/Alansu/laa (AuA
albumin gagaiil¥iae 100 niu/lna)
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(@) fUelifinnazden

(5) liifUs TRsuenTiifiwselaluanan
fi¥unssnw

(6) laifllsale (mdnguvadlsale laun
proteinuria 111N 0.5 N1/, microhematuria
fiffinidenuasnnnit 50 wad/high powered
field Waz/¥30il renal ultrasonography FRaUnR)

N17¢ Hepatorenal syndrome wuadu
2 ¥ia loun

$iaf 1 anziidlanadoundunay
mMsheuresszuLe T duinulesas

¥iiafl 2 finsvhanvedlnanasediedn
S luresiesUsinannn Tegliannse
muRulaseendulaaie

masnwgfieldidenseninsideniiinanauuss
Tusedu Il waz IV fignedurnewazlinane
unsndou

1) n155n¥10 2835 therapeutic
plasma exchange fia N33NwIUILMENITHEN
Tnsiamewanauvesiaeiis Audeavasiiae
ponuntlu ntuudiaFeaunsiundugiae
wlauffunslansdmaunuwanaun

2) msldinSesanduiisnniotangin
(temporary liver support) Juedesiiofivns
ngsnvauLsuesfihefisomsiius

3) mssnelaenrsnaunula (renal
replacement therapy) v1n1sWention
(hemodialysis) w3aanslayentivios (peritoneal
dialysis) Inefftheasiitoued dall laifitaansuay
lipovausssegrdulaanig dnnzlnuvaduy
Tudongauarlsinevauassonily fnnziden
Junsauazliinevavesieeili seduuaaideu
sovloamesalsianna fgiFuds (uremia)
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a) mslfansinlutiinaiiusnga

5) SNWENNAVYRUNFBLT ANANTTAU
Han1sAsIaNIeiesUjuRnisiluszezg A
Tnunadonluidengs Duainnniadedind
dfgvesnneglangidoundu dmuindiang
11NN 6.5 Haandu/ans aasi kayexalate 3o
kalimate wona1nil fUassinasiaunaidou
Tuidenmsrudurloaminludongs 1lunsdl
flornsnannileingslsr 10% calcium sluconate
0.5 fadnsu/ans Mvaeaian

6) Snwnnasdamdunsa 1 7.5%
NaHCO, nswaanidensd wee1u3nwIsyey
arterial pH Tru1nn1n 7.2 wssluAisuaiun
luidenunndt 12 fadnsu/ans

dyuna

fuhelsaltidenoeninaidonsyesil I
wag IV azisenin 1ddensenmsiden fuae
Tunguilasfinnedonuiu sefuindaidondh
\nns¥iveswanauoenuondudenUinasnn
AN DIYUUNITNNUYBIT NNENAIYTEUY
syuuinuifinnnzunindoufie n1agdung
Beundu Fusleiinfuneidmaliinnnglae
paan Segaelunguifasdiauuusauasloma
lumside@inlaunnnigdleldineg FBnsshn
fhenneilaiiiBnisinuiidunig fudu wnd
Aauagthedesisaden s sShwingay
wigtheluisiazse lngfiansanainenismienadn
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