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title in the order of appearance in the text.

® Use black-and-white figures or ink-based images
with a title in the order of appearance in the text.

® Explanation of figures is printed separately with
concise messages.

® In-text citations is in numeric order with Arabic
numbers (superscript) and without bracket.

® Use Vancouver reference style, by “International
Committee of Medical Journal Editors: ICMJE” in the order
of appearance in the text. Abbreviation of journal names
is written according to the Index Medicus.

® All references are written in English. If the source
of references is in Thai or other foreign languages, there
must be an article title and the author's name in English

in the text or the source of those references.

Examples of References
Articles in Journals

® Write the names of all authors if there are no more
than 6 others, otherwise, write the names of the
first six authors followed by et al. The format is the
surname and the initial of the first name.
Kaewput W, Thongprayoon C, Mungthin M, Jinda-
rat S, Varothai N, Suwannahitatorn P, et al. Tem-
poral trends in optimal diabetic care and com-
plications of elderly type 2 diabetes patients in
Thailand: A nationwide study. J Evid Based Med.
2019;12(1):22-8.

® Organization(s) as author
The European Atrial Fibrillation Trial Study Group.
Optimal oral anticoagulant therapy in patients with
nonrheumatic atrial fibrillation and recent cerebral
ischemia. N Engl J Med. 1995;333(1):5-10.

® Both personal authors and organization as author

Chittawatanarat K, Sataworn D, Thongchai C; Thai



Society of Critical Care Medicine Study Group.
Effects of ICU characters, human resources and
workload to outcome indicators in Thai ICUs: the
results of I[CU-RESOURCE I study. J Med Assoc
Thai. 2014;97(Supp! 1):522-30.

Books and other Monographs

Personal author(s)

Murray PR, Rosenthal KS, Kobayashi GS, Pfaller
MA. Medical microbiology. 4" ed. St. Louis:
Mosby; 2002.

Author(s) and editor(s)

Breedlove GK, Schorfheide AM. Adolescent preg-
nancy. 2™ ed. Wieczorek RR, editor. White Plains
(NY): March of Dimes Education Services; 2001.
Organization(s) as author

American Occupational Therapy Association, Ad
Hoc Committee on Occupational Therapy Man-
power. Occupational therapy manpower: a plan for
progress. Rockville (MD): The Association; 1985.
84p.

Chapter in a book

Meltzer PS, Kallioniemi A, Trent JM. Chromosome
alterations in human solid tumors. In: Vogelstein
B, Kinzler KW, editors. The genetic basis of human

cancer. New York: McGraw-Hill; 2002. p.93-113.

Electronic Material Reference

® Journal article on the Internet

Abood S. Quality improvement initiative in nursing
homes: the ANA acts in an advisory role. Am J Nurs
[Internet]. 2002 [cited 2002 Aug 12];102(6):[about 1
p.]l. Available from: https://ovidsp.tx.ovid.com/
Article with a Digital Object Identifier (DOI)
Zhang M, Holman CD, Price SD, Sanfilippo FM,
Preen DB, Bulsara MK. Comorbidity and repeat
admission to hospital for adverse drug reactions
in older adults: retrospective cohort study. BMJ.
2009;338:a2752. doi:10.1136/bmj.a2752.

Monograph on the Internet

Foley KM, Gelband H, editors. Improving palliative
care for cancer [Internet]. Washington: National
Academy Press; 2001 [cited 2002 Jul 9]. Available
from: https://www.nap.edu/catalog/10149/improv-

ing-palliative-care-for-cancer.
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gyt ey nuAdTIM ASTAINNG AMINT A Lae AT BN
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UNANEd

¥An529 Cobas® SARS-CoV-2 fnszuirunisafnalswugnssy waznmafiuuunavesans
NUFNIIUIINTIN159933Tnd Yy 1uves fluorescent ¥89AINTIATU (TagMan Probe) A 3833
Multiplex Real-time RT-PCR lusp3audioniu Tneduidvunefausnasiunys Open Reading
Frame (ORF 1a/b) uag Nucleocapsid Protein (N) Gene 5¢82i3a1fildlun15n971964as51891UNE
Usgunad 20 U mm"bsuaﬂmimaaﬁmiwﬁﬁa SARS-CoV-2 (Sensitivity): 0.012 TCID50/mL or
12 copies/ml nsiseiidunisdnuidaiiasiesd Wlunsussdiudszansnm anul arusinie
LATAINYNABY TDINITNTITIATIEiMEsHUgNITNvRLdeladalalsun 2019 #2838 Real time
RT-PCR uuudumomien 1Wisuifieusiuds Real time RT-PCR Unf lunquéedns 60 faega
wiaduiegnafinuansiugnssuventolifalalsun 2019 $rwau 30 Fredne uasedrsiiling
asWugnIsureatelifalalsut 2019 $1uau 30 #9813 Wud1 3% Real time RT-PCR uuudu
moulien Tinansadudsuinsgiu Anduaiiuly (sensitivity) 100% wazaaudnz (specificity)
100% Aiensziuamdesiu 95% CI flvasArauidiesiu (confident interval) 8¢l 88.40% - 100%
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A181A5): 1n7919 @ SARSCoV-2 @ Real time RT-PCR @ Cobas Liat
FIYAITUWNENRITUN 2568;78(1):3-12.
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Original article

Efficiency study of a One-step RT-PCR compared with Real-
time RT-PCR for SARS-CoV-2.

Min Kramyoo, Kamonwan Siriwattanakul, Kunakorn Kana and Darunee Utennam
Armed Forces Research Institute of Medical Sciences, Bangkok, Thailand

Abstract

The COVID-19 pandemic was caused by SARS-CoV-2 infections. RTA-AFRIMS provided
real-time reverse transcription polymerase chain reaction (real-time RT-PCR), one of the gold
standards for SARS-CoV-2 detection, in response to the pandemic and in support of its military
missions and Thai public health. The Cobas Liat SARS-CoV-2 system, which was the first U.S.
Food and Drug Administration authorized Point-of-Care RT-PCR test, was claimed to offer highly
sensitive and rapid SARS-CoV-2 nucleic acid detection. Considering the potential establishment
of this new diagnostic technology in the RTA-laboratory, we evaluated its efficiency, sensitivity,
and specificity.

Sixty nasopharyngeal swabs in viral transport medium were tested by both real-time
RT-PCR and the Cobas Liat SARS-CoV-2 system. The results from the two procedures were then
analyzed for sensitivity and specificity. The results of the two assays showed 100% agreement,
for both positive and negative samples, with a correlation level of 0.98. The Point-of-Care Cobas
Liat SARS-CoV-2 system produced results concordant with real-time RT-PCR and required less
time and processing. Based on this assessment, the system was established in the diagnostic
laboratory to support both military and civilian tasks.

Keywords: COVID-19 @ SARS-CoV-2 @ real-time RT-PCR @ Cobas Liat
RTA Med J 2025;78(1):3-12.
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unin

olh%alain-19 (Covid-19) Wuidelhiametuglmiifnisunsszuslngiilan laefinsseun
afausnlugrsaned we. 2562 wagldsumsusenaliidulsaszumnivaiialan (Pandemic) Tnwasfnis
ounsielan' Tuideusiunan w2563 FsluiaguiuldfisnssnuannwHo a Juil 27 Aueneu wa. 2565
fifheRaideusuazauilanegfisiuan 612,236,677 18 EeTinsuau 6,514,397 518 TneUsznelng
ffUasindeduduarauegd 4,678,671 318 1@eFAnd1uau 32,726 518° Feananunisaidagiu
wugAnidoselndtiosas Tnedaus unsie - Surau 2567 wudRaito 45,415 MeuasdideTinsiuu
220 91¢°

Tseladn 19 iinanlalsuhaaeiusglel Wuhiaorfidue RNA) viameider Addiag
wuannou JadenhdaiogidliiBunianisin “nCov-2019 fflu191n111 New Coronavirus 2019
Tuieununiiiug n.e. 2563 ssfmseusielanlduszmadelsniognadunmenisii “covip-19” (a3n19)
1NANATI “Coronavirus Disease 2019” wneflsafiAnanalalsuniiszunelud 2019 Felufufeaiu
ANZNIIUNTIEiUsswAinmeaunsuisuuedliia (CTV) Usemeadnhisa nCov-2019 Wuaeiiugues
hifalelsuiiieatesiulsamadumeladsundusuusauieitulsn SARS Fadendolasall 11 Severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) h¥asdnivnldinnstndenaiumela
Tnedffiindasosay 80 agliuansoints vismedienmsuuulsnfndelumaiumeladiuuy wu Suae
ihynlvia gRndouszanaiesay 15 sxflennstaiau wu lo uazlefiaums vmeetaesdld Tnsiane
Hasonefionadild melaga nevantenuin warenafiomsgranszsrsiudie dudfndedonas 5 asdl
91nsUaeuwss melaiss veu audenismeladumainazorninnnizdenla’

Real-time reverse transcription polymerase chain reaction (real-time RT-PCR) L‘td]u"j%mmgm
Tunenmabudiulsaledn 19 leidunsasamanstugnssuvesdioliya SARS-Cov-2 Faflmnusumizgs
FesmsfiBormglunsnsialined uaviidedrdnlunsdesdszornaunulumsasaiinneilusies
UFTRNs Fdlunsnsaliesgiuiinmseennaniiseuagldinaidsyana 3 - 5 Halus uazerauiutumng
uIuNsaeg 19 IeTzAluduiun

N13NAFRULLUU One-step RT-PCR Lﬂuﬂﬂimaaué’aasq@mw Cobas® SARS-CoV-2 Nucleic Acid
Test Tusiufupsesilo Cobas Liat System Fudundesiiennasunsainaddnuuudaludd 743513
Real-time reverse transcriptase polymerase chain reaction (RT-PCR) ensramhaa SARS-CoV-2
mﬂéhaemﬁlé’f\mﬂfmﬁué’adﬂmaﬂmqwﬂ (anterior nasal swab) uaglnsayNaIUEN (nasopharyngeal
swab) 9nitheiiasdsnsinde sudsilifonmsuidsdunsindemadumela nsveaeuiaune
ATIMLABENNTIAE I FE AN LAIIUE LﬁaszhsﬂumﬁﬁaﬁwmﬂaﬁﬂLLazmmmmsﬁmﬁaE’ MINIINTIAIN
wuuBealng uazuwlananismageulufintiseuaniua TWnameaaeuuszann 20 wift wsnegdmsu
M3AT1FBINTHANITATIAMUUUL s Tauazmniiesnniduszuusalut@ gunsalilvuiaidn
TWeude uarsteannsdudeuiiinannisiauls (msed 1)
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s1eazidun Real-time PCR Cobas® SARS-CoV-2
= = = =l a w
. nMIMIIavgu ORF la/b 8w E uay u N vaa F399¥1 ORF la/b wazdlu N veudalia
WanNn"3 _—
1ialaia SARS-Cov-2 SARS-CoV-2
1. fiudaeea 1. fiudeea
2. @im RNA 97n679819 Waevia Swab 2. ldfegnaasliaios Cobas Liat
3. "UfATen Reverse Transcription Liiatdeu Analyzer
Junau RNA Ju cDNA ioazanm RNA, YT vty
4, HiNIUA LAY CDNA wazeUHALASELULE
5. 91uHANIINAAOUHTUNIIMLATEA Real ime | 3. uan1IMAdoULARITIIOuARIEE
PCR
AnEn -8 9la fio 1 - 90 Av9E1e 20-30 W1¥i Mo 1 A7981d
7187 Uszanad 1,000 un/fetna Uszunal 1,300 u/Aaesg

A1579% 1 N15LUTEULNEUATAN5MS29 Covid-19 5¥1131995 Real time PCR WazISwuuTURDuLAeN
fELA5a9 Cobas® Liat SARS-CoV-2

fesnanunisaifagiununisssuiavestsalada 19 Wuduiuinn nemsabusuginde
ogamn astefihelildfumssnu Madiannsoaduayunsasaliiumstamammadeldsums
Sose fay WHUNRATYINGT NedIde antuideInereansnisunmémms s dumeunisfohny
duuwvunismsnusunanisitdelutunowdier iioansvesinan uagdunulunisnie wadwsdild
szaunsaundunwimlunisujiRnumaiesfdfinng duszidudsslevdlunisaduayuau
yaFunIsUIMIensumdLAnasnun aneugadesuiiganmsindelselain 19 wazemuau
nsunsszuInvedlanely

QUILAIAYRINITIVY

1 iilefinwuszavzamm anail Audne wazanugnéies vesnsnsradiaTiziivilsn COVID-19
Fegpmmmastugnssivesdolivalelsun 2019 uuudumeuiie:

2 iflefnyifsnudenndasomamInTITasusnsNveatie lh¥alalsut 2019 wuutuneu
Wwgafiu mamwmmsﬁuqmwmaaL%ah%’aiﬂiim 2019 (SARS-CoV-2) sginaila Real time RT-PCR

JUuuumsing

mseifunsfinuiddnsest Wunsussdiulssaviam el assimng uaZeIgNFRY
YoIMINTIVIATIEIETRLgNTIIveate alalsun 2019 #1638 Real time RT-PCR wuutunouifien
WsuiflsuiuTs Real time RT-PCR Unii Tngfagnsazgnasaalianesiseisaosisaugiu

ABnsAne
n. Usgwnsidivang fegiidingia u wealfiannshafainen unungadainen neside
a0WILINIANEARTNITUNNENIIT TENILADU AAIAN 2564 - AUEIEU 2565 T 3,000 AIBEN
¥, nMsidendedn ngumegldiunsdadenuuuianizianzas Usenausie degraiinuans
ftugnssueaidela¥alalaun 2019 uazesnailinuansitugnssuesdelisalelsun 2019 nsdifivserins
fdruunuueu (Finite population) amWiaﬁ@qmﬁiﬁumiﬁﬂuammmmﬁumﬂdmﬁaaéw 294 Lwanga
&Lemshow,1991
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TngnsivuasegaileszanaadadiuvosUszang uazsenliinnuaaiaindouaina
Tudsznnslaiiiu 3% (d = 0.03) seanudosiu 97 % (TN A1 Z = 2.17) A1 P AUIIINAT
Useidiufivonsuldvaamnmanuasiugnssuveadeli¥alalsun 2019 feyansIa ANDIS FAST SARS-
CoV-2 RT-qPCR Detection Kit (Percent Agreement) $awaz 99 fatu A1 P Sawiiu 0.99 ldvwn
fegredtuan 52 fegn ileuamuiidede Sawfunisussanunsnmsdsaiiug A33839A1A 7N
wannInfuiiuuiedieiiu 60 segs Tnevihnsdaidendhegnafinsanumsiugnssuveadeliya
Talsun 2019 $1wuau 30 feens waw fegaiinsaalinuasiusnssuvesdelialalsun 2019 S 30
Mg nsidennquiiegrudunisidennguiiegisuuiaizas (Purposive sampling) lunisiden
ngusegdlaefiansanandeyananisnsiaainsies foRnsitiansiavsiavesiiedn dnvnizued
nauiidenidulumuinguszasdvesnside
\n3asilaflilun1side

1. Mamsavansiugnssuvesdelivalelsu 2019 de yathen ANDIS FAST SARS-CoV-2 RT-
GPCR Detection Kit Suneunisnsraiisail

1.1 afpansiugNIsUIINAI0E19638 squwmaﬁﬂmiﬂ’uqmsmaaL%a SARS-CoV-2 1¥u
quﬁ’lmﬁwL%ﬁ]gﬂﬁi%muﬁmzwaﬁ’mLLUUé’miuﬁaué’ﬂmi magnetic beads-based lunisafiauunans
Wugnssvesenfidueliiaandiegadanm afnasiugnssaindadinsafiusuing 200 lilasans
laU3umsansiugnssuaavine (Elution Volume) USunsuseana 100 lulasins

1.2 Wsiinamsiugnasuvesie SARS-CoV-2 #e geinen ANDIS FAST SARS-CoV-2
RT-PCR Detection Kit ldu&nnnsifinuSung RNA i manefisningianzas dnemeila Real-time reverse
transcription polymerase chain reaction (RT-PCR) éqﬂﬁwmmmsamaﬁﬁmeﬁmﬁulﬂmmasuau%a
SARS-CoV-2 91uau 3 8u lalA ORFlab, N gene uaz E gene TanSounulunasaifeaiu

2. MIATIWUAT NN ITUGNIIUVOIYL Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) NAdmTIn nasopharyngeal swab ﬂ’JEJ“UﬂG]i’JR] Cobas® SARS-CoV-2 mumaumsmm
fitsil

2.1 vgondieg landunaaau 200 lulasdns

2.2 AUNUUISIANTRIRTUNAZDU

2.3 ndsnldndunaaeuiiiiiedaesitisadlurdosouiooud iesazdniunis
WNfegN iiUTanTatanadn TnuTuaua

2.4 Hawdeinmminneiiasiiu UssguenaiossUandondnlud@ 1 Assay
tube senaMLATEEnY warsrinsz e uazliiiie assay tube adlu Biohazard waste

nsudana
SARS-CoV2 Not Detected angdia Linuansiugnssuveatalisa SARS-Cov2
SARS-CoV2 Detected 111884 A539NUA1THUENTTUVRNTO 1T SARS-CoV2
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N13IANANTIY

HaN1TIBfifeIn1sfio naRInMmIRTIIaTRugnsTuTesdelialelsun 2019 de yARTI
Cobas® SARS-CoV-2 iihuyansafiliiuieiosmnsiadnlusi@ Cobas® Liat® system wWisuifieudu naann
MsnTImasiugnssuveadehalalsun 2019 #2e ganTIa Wondfo U-Card DXTM Automatic Rapid
Molecular Diagnostic Instrument

nsuTIvTINtaYa
=3 v B ac a 3
Aunusudeyananisneasadudidnnselindlug

A5IATIZHNIEDR

At MuiuAede Adoauumsgi Mnans AAge uazANgeanvedn Ct 3N

afifioyanu (Inferential statistics) MIUszANAIAERAIULAzIIAUDT AT 97% (97%
confidence interval) va3auly (Sensitivity) AU NNIE (Specificity) AIUNHDY (Accuracy)
avhwedienaifiuuan Positive Predictive Value (PPV)uae avhuedienaiduau Negative Predictive
Value (NPV) Fufugifinisnimsfnidelasalalsun 2019 Tae3s Gold Standard® aula (Sensitivity)
AUTNNTE (Specificity) 11NN 90%

NansAnvLAgITUNMInTIedadannsadaneiaaudilunnsns 2 x 2 teveiiiteldlunns
AuIAIAUh (Sensitivity) AU (Specificity) A3NNABS (Accuracy), Predictive values

N133U509338555UN1538
NITEllATUNTTUTRRINA TN UAMERYNTIUNTHANTAUNLATINTIRY NIULNNENMITUN
1ATYTUTO99 IRBRTA 030/2566

d3UNan1dY

MnMsAn Tnensamadesesimansiugnssuvesdiehialalsu 2019 #1635 Real time RT-
PCR wuUtumewAe LU3sUIisuAUAE Real time RT-PCR Unfi lungudoeng 60 foehs ulafiudetns
fnvansiugnssuveadelifalalsun 2019 $1uau 30 fegs wasiesilinumsiugnssuveadeli¥a
Telsun 2019 1w 30 d1e819 WUt 35 Real time RT-PCR uutdunaudien anainszidiognsfing
ansitugnssuesdelasalalsu 2019 S1uan 30 fegs inanvastugnssuveadeh’alalsu 2019
§17U 30 Frpgns AadevasA Cycle threshold (Ct value) 1840150 53anUBY ORFLab $aufudu N Ao
18.34 Fanan13n519ldns9riuas Real time RT-PCR Un 30 a0e11 fingaanuiiu ORFlab Anadeueds
Ct winifu 23.30 Bu N Aedgvessn Ct winiu 22.81 wayBu E Aadsuesr Ct Wiy 23.18 (397 2)

Fonaeu | Budnane | Auadisves | andeauu | dnanswas | A1 Ctange | A Ct gean
A Ct eS| At

Real-time | ORFlab 23.30 a.75 22.85 16.64 35.10
RT-PCR N 22.81 a.57 21.65 14.73 32.21

E 23.18 5.26 21.85 16.75 40.25

IC 31.24 2.87 3le4 25.48 36.39
Orestep | ORFlab 18.34 5 17.16 11.33 30.54
Real-time | 331AU N
RT-PCR
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3971 2 MIeuERIALAAE A1gega Anan Anana wagAnddeauLINAsEILYesAN Cycle threshold
(Ct value) vean1snganuBudmungfigisn159 51931319 Real time RT-PCR Un@ a5 Real time
RT-PCR uutdunowien

MndusTTIeTisegailinuasiugnssuvesdelialalsun 2019 $1uam 30 fheeha Wika
liwuanswugnssuveadielifalalsun 2019 $1uau 30 Foehs Famsafuds Real time RT-PCR Unfi 30
Fregne Amduanula (sensitivity) 100% wagaAusne (specificity) 100% firnseiuainudoiu 95%
fivnsenanuidosiu (confident interval) agil 88.40% - 100% (91971 3)

Real-time RT PCR
aAAu HEUIN
AU Sovas AU Souas
Ore step | HAAU 30 100 0 0
Real-time
e HAUIN 0 0] 30 100
Souax AnsERUAINLLE eI 95% CI
F¥ouazmgn AnSouae

GRGH
Amaalla 100 88.40 100
A1 100 88.40 100
AU
Awiunedls | 100 88.40 100
navfuuan
Awiunads | 100 88.40 100
nanduau

51971 3 AI1UaRsAIRBYNU (Inferential statistics) NMsUszANAIMERaILLAzIIaDY AT oL
95% (95%confidence interval) vaaaula (Sensitivity) AUS NI (Specificity) ArvuneLiiona
Juuan Positive Predictive Value (PPVwaz avviunedlonaduau Negative Predictive Value (NPV)
38938 Real time RT-PCR wuudumawien wWisuiioufuds Real time RT-PCR Unf

NINIANAINENRUS (Pearson Correlation) U99HANITMII95¥111990 Real time RT-PCR
LUUTURBULED W3BULBURUATS Real time RT-PCR Unfi Wu31 nadn Ct 99933 Real time RT-PCR
LUUTumEUAEn Sruduiusiuiy naf Ct 98938 Real time RT-PCR Unf@ifinssanudu ORFLab uay
Bu N fisgdupnuduius 0.98 egefitudfay (5197 4)

LV HIORE) AATIUAUTIUS (1) S2Uing AtigaAy ( P-value )

FWndey uarIBuInTgI

ORFlab 0.98 <0.001
N 0.98 <0.001
E 0.98 <0.001
IC 0.94 <0.001

AN 4 AT IEAIAIANNFUNUS (Pearson Correlation) U8IHANTIINTIVTLNINGI0 Real time RT-PCR
WUUTURBULAET LUS8ULIEUNUIT Real time RT-PCR Unf
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nsAnwdldvhnsAnedseaniam analy anudune augndes wagAdenAdasas
NaN1ITIIIANIUgNsTNTeatelTalalsun 2019 uuutunewien fun1snTIImansugNITNYDS
Wela¥alalsun 2019 (SARS-Cov-2) famadla Real time RT-PCR WU iadosiiensiamansiugnssy
voadielafalalsun 2019 wuutuneudeliaiidauily musime waganugniiosge denndasiu
AUV Real time RT-PCR @08138 Gold standard Tumsamademevimnsinideveadelya
Talswn 2019 wdestietifsannsothuldlunisamauaemenunamatesufoinsls Tassvoznaniild
Tunsmsauagsenuna Wnaussana 20 wiil SsfesninszernanIngenTIamasHusNTTIYes
delh¥alalsu 2019 (SARS-Cov-2) éamafia Real time RT-PCR Unfi Gsdosidunounisadta wazns
wi3pute1 Uszana 1.5 - 2 99lus fmaainnsifeiidululumaienfuioniddeussduusyansam
4041304 Cobas SARS-CoV-2 Test lunmsnsiaitadelsanielu 48 dlus Tudrsnsszuiaveslsalaia 19
Y93a01UU Institute of Microbiology and Immunology, Faculty of Medicine, Un|ver5|ty of Ljubljana,
Usgmaalaniils nn1mnaeun Tt unewieddituls in house wuin3sd faruniidedels uas
wangdwiunslilunismsaitdelselain 19 lugasiifinsszun® duldineiesflotaninanssey
nalunmsasramdinde vinlianusadfawazsunsinuldegnesituriaed sislunsdlund uasnsd
HRndefiflornisguusslunnizaniduy sufsansamununsssuiavedsaldesaissdniom e
MAFBUUY Multicenter study 9N TIMAUMINMAENIIBNUITBVOIUTTINAaUSTRLENT Tun1s
UseiliudszAvsnnueaaiasile Point of care Cobas Liat ildnsiailadumielein 19 uuudunouiien
wuinedesiiefimunziunsihunldlunisnsamisalunsdiid@etos uasiunuszandldlunisdu
wdesiioluntsnsralsaiievndoyalunmsuwumsdnugnsmansnisaugulsalddndae’ veddadu
nsantumeunIsURTRIN SuazdwmadeUssansannisvhny umnuuaeadevieiesufifing was
ANuanelIve U uRee saudednSuuinis vilimiisnuan1duidednemansnisunndnms
annsoatuayuianssumamsundegadiuseansamlinunesinun wazUseansulasneie
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Tnusiuatu
WiguguRaanssULuUNITadLNarIfnlR1zAaYIenIglaluy
LUIAILATLUIUBUAIENITNARBILUUFNLALINGUNAIUAY

WU NA1AN BfAYS 335A3NA a8 Shwnstsudand uay dnsngul Junniy
nedlan fe WIANNTIN LSaNeIUIaNTEUININAT

UNAnga

AIWEIAYUAIN1IMGTY sindaaetiemelalilunisiiemdediasidediiedestiemels
Hunamwu fymmaiumelagatunasdudsdandaldld Tnetlagtulan mo undnunmdiouasuna
KGR 2 WUUABILARY (Vertical incision) uag uuanaw (Horizontal incision) tesainnisfnuiuay
WIsuiileunadnsuasnsasunasidinmizaetiemelalulssmalnedusdvnailddniau ausiseia
Fuiletlunsinduladenguuuunsasusardnanz aefivanzauiugian Saguszaed iladnwuas
WisuisunadndveamsasuarndnaneastsglanuuuuiiuasuuiuousasiioAnundadeiitng
FEALASIVBININITAD FUBUUIITIE nsvnaRauudLkariin1sAUAN (Randomized controlled trial)
SEFuiduerisn snidfoiuvoraasinssiuau 51 eu 1y 2 ngu FMeTBnsdunguusnaEarnFaLUY
wulLanguil 2 awnarduueuwdivdeyaialy deyaseriumshdauasinmueinsi 7 fu
U 3-6 1feu NAN15398 HANIANAINBININAINIFAD NI LAY 51 518 Ii1Funssndaanzae
Premelafieifacumarindauuais 26 MouaraumarinLuLeU 25 518 wuhmelu 7 Sunduitawuna
I ALLARIN TN EBNDDNAINUNATERY 2 (2.5-10 ml) 1 918 (3.8%) wazidonaninniuasedy 3
(10-100 ml) 1 318 (3.8%) Felainuidonoonanusalunguiiasusauuiusy waghiflanuunndaiuegnedl
Hud1Ayn1eans (p=0.368). mi’mwumiamL%@U'%nfuu,maméfﬂiumjuﬁammaﬂflﬁmLLmuau 1578 (4%)
waglinumsindofiuaridnlunguitasunaiuis (p=0.303) s 2 NGUATIINUMIMETBIUIAUHARFA
auysal 100% @IuNanISANALATEEY 3-6 e TenamarinsiiuiAamudiua 18 318 ATITNULHAHER
Ande 1 518 Tunauilasunarindauuad (14.3%) (p=0.197) ;nn1sAnwiuUsiidmatonudsaves
nMsHIdAIzATINElANUIY MTTaILtsUARTITanTEYENaINSHIRARlReE e TTud Ay 19Ens 1ng
AnduUsEAYS (coefficient) Wiy -0.3026 (p=0.0309) wNardinfiduwslvgasiiuszezainsindalag
AnduUszaS (coefficient) wirfu 0.3755 (p=0.0066) yonanifmuisyeznansusulsmenuiaan
audleldsumssindinnzaaiitiui 2 ndu agUnan1s3sy anmsAnunuiiuUsitiasdiusiy
nadwsvosmsindatiemelats 2 33 egeiituddamsadalau nssaviuniunedisanszeran
nseda nsasardalnaduisreznamsdauty warsresnamsueulsmeIuarana
dleftneldumsrindinmzaaiiu
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Original article
Comparison of Outcomes between Vertical and Horizontal
Tracheostomy Incisions: A Randomized Controlled Trial

Pana Klamkam, Apisit Jirawarnsirikul, Suthee Rattanathummawat and Jakkrit Chantavanich
Department of Otolaryngology, Phramongkutklao Hospital, Bangkok, Thailand

Abstract

Background Tracheostomy is a procedure for patients requiring prolonged mechanical
ventilation, those with airway obstructions, or individuals unable to clear secretions effectively.
Otolaryngologists typically perform tracheostomies using two incisions: vertical and horizontal.
However, outcome data comparing these techniques in Thailand remain inconclusive. Objectives
This study aims to determine and compare the results of vertical and horizontal tracheostomy
incisions and to identify factors affecting the success of tracheostomy. Study design A Randomized
Controlled Trial Material and methods Fifty-one participants were randomly assigned to vertical
incision (n=26) and horizontal incision (n=25). Data collection included demographic information,
intraoperative details, and follow-up at 7 days and 3-6 months post-surgery. Results Among the 51
patients, 26 underwent vertical and 25 horizontal incisions. At 7 days post-surgery, postoperative
bleeding complications occurred in the vertical incision group: one case (3.8%) of grade 2 bleeding
(2.5-10 ml) and one case (3.8%) of grade 3 bleeding (10-100 ml). No bleeding was observed in the
horizontal group, though differences were not statistically significant (p=0.368). Stomal infection
was seen in one case (4%) in the horizontal group and none in the vertical group, without statistical
significance (p=0.303). Both groups exhibited 100% wound healing by day 7. At the 3 to 6-month
follow-up, one case of stomal infection (14.3%) was reported in the vertical group and none in the
horizontal group (p=0.197). Positioning the patient in a hyperextended neck significantly reduced
procedure time with a coefficient = -0.3026 (p=0.0309). Additionally, a larger incision size was
associated with increased procedure time with a coefficient = 0.3755 (p=0.0066). Furthermore,
early tracheostomy could reduce hospitalization. Conclusion This study determined significantly
different variables, including hyperextended neck positioning, which reduced operative time, and
larger surgical incisions, which increased operative time. Moreover, early tracheotomy minimized
hospitalization.

Keyword : @ tracheostomy incision @ tracheostomy complication
@ Horizontal versus vertical incision @ stomal granulation grading @ stomal ulcer
RTA Med J 2025;78(1):13-24.
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Introduction

Tracheostomy is a surgical procedure that involves creating an opening in the anterior wall
of the trachea. This procedure is commonly performed in patients who require prolonged ventilator
support. Tracheostomy offers several benefits, including reducing the risk of lung infections and
preventing ventilator dependence. Bypassing the upper airway facilitates the drainage of secretions
and aids in ventilation, improving respiratory management. Furthermore, tracheostomy is also
beneficial for patients experiencing upper airway obstructions, as it allows for easier airway access
and breathing support. These advantages make tracheostomy a valuable intervention in critical
care settings for patients who face respiratory challenges due to various underlying conditions."”

There is no consensus regarding the optimal timing and technique for performing a
tracheostomy. While otolaryngologists commonly perform surgical tracheostomies, pulmonologists
typically perform percutaneous dilatation tracheostomy (PDT)." > *® The choice between these
two methods depends on various factors, including the patient’s condition, available expertise,
and institutional protocols.

Two main incision techniques are commonly used in surgical tracheostomy: a vertical
incision, which facilitates the procedure and provides better visualization of underlying structures,
and a horizontal incision, which follows the skinfold to potentially reduce scarring (Figure 1).
However, there is ongoing debate regarding which technique is superior in minimizing complications
and promoting optimal postoperatively wound healing. Evidence comparing the effectiveness of
these two approaches still needs to be conclusive.®®

Since the comparative outcomes of tracheostomy incisions in Thailand remain inconclusive,
the authors conducted this study to compare the results of vertical and horizontal incisions.
The findings will assist otolaryngologists in determining the most suitable incision technique for
individual patients.

Surgical tracheostomy technique™?

Patients are positioned supine with the neck hyperextended. Anesthesia and intubation are
performed to ensure oxygenation and continuous monitoring of heart rate, blood pressure, and
oxygen levels throughout the procedure. The surgery takes place in the operating room, where
local anesthesia is injected into the patient’s neck after they are sedated. The incision is made
approximately 1 inch below the cricoid cartilage or 2 inches above the sternal notch. Either a
vertical or horizontal incision technique may be used.

The strap muscles are then divided and retracted laterally. The thyroid ¢land is displaced
or partially cut (isthmus) to expose the trachea. Additionally, the patient’s neck is fully extended
by placing a shoulder roll underneath the upper back area, and the head is stabilized on a
head ring.” Once the trachea is identified, a stay suture is placed at the anterior tracheal wall. A
U-shaped (n) incision is made in the trachea while the tracheostomy tube is prepared. Afterward,
the endotracheal tube is removed, and the tracheostomy tube is inserted once the tracheal stoma
is adequately visualized.
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Horizontal incision Vertical incision

Figure 1: Surgical Incision Type

This study hypothesizes that there may be differences in outcomes, such as cosmetic
appearance, infection rates, and surgical difficulty, between horizontal and vertical tracheostomy
incisions. Horizontal incisions offer better cosmetic outcomes with less visible scarring and a lower
infection rate, but they are more challenging to perform, requiring careful alignment and positioning.
In contrast, vertical incisions are more accessible due to better identification of anatomical structures
during surgery. However, they result in more visible and prominent scarring and tend to have higher
infection rates.

Objectives
Primary objective
To determine and compare the results of vertical and horizontal tracheostomy incisions

Secondary objective
To identify factors affecting the success of tracheostomy and the correlation between the
timing of tracheostomy and hospitalization

Materials and Methods

The authors conducted a randomized controlled trial at Phramongkutklao Hospital,
approved by the Institutional Review Board of the Royal Thai Army Medical Department on 21
May 2021 (Approval No. R069h/64) and registered with the Thai Clinical Trials Registry on 18 July
2021 (No. TCTR20210718001). The consort diagram displayed the allocation of participants (Figure
2). The participants were allocated to the vertical and horizontal incision groups using a block of

four randomization.

Inclusion criteria

The study, conducted from 21 March to 22 October 2021, enrolled patients aged 20 years
or older who underwent tracheostomy based on indications such as prolonged intubation due to
respiratory or neuromuscular diseases, respiratory toilet needs, or ventilator dependence. Exclusion
criteria included patients with unresolved coagulopathy, those requiring emergency tracheostomy,
and those who refused participation. Additionally, the withdrawal criteria consisted of (1) Loss to
follow-up and (2) Transfer to another hospital.

The study collected general data (age, sex, weight, height, underlying diseases, Hematocrit
(Hct), WBC, Platelets, INR, tracheostomy indications, and endotracheal tube duration), perioperative
data (incision type, incision size, procedure time, thyroid manipulation, neck hyperextension, tube
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decannulation, bleeding, suture method, and surgeon), and follow-up data at 7 days and 3-6 months
post-surgery. At 7 days, the data focused on complications such as bleeding, stomal infection,
stomal pressure ulcers, subcutaneous emphysema, pneumothorax, accidental decannulation, tube
obstruction, wound healing, and suture status. Furthermore, at 3-6 months, complications such
as granulation tissue, stomal narrowing, tracheomalacia, stomal infection, delayed stoma closure,
and hospital stay length were recorded. The tracheostomy will be performed in the operative
room by a staff or a resident of the Department of Otolaryngology, Phramongkutklao Hospital.

Figure 2 CONSORT FLOW

Eligible (51)

Randomization

v ;

Perioperative evaluation

First evaluation

Vertical incision (26)

l

Vertical incision (26)

Horizontal incision (25)

l

Horizontal incision (25)

0-7 days

L | Death(17) 10) |

> | Death (

| Transfer (1) ﬂl Transfer (1) |

»| Not done/due (1) — | Not done/due (3)

\4 \4

Second evaluation

Vertical incision (7) Horizontal incision (11)

3-6 months

Statistical analysis

This study measured the outcomes of vertical and horizontal tracheostomy incisions by
comparing results and monitoring postoperative complications. Data were recorded and analyzed
using STATA/MP 12 software. Descriptive statistics displayed general patient information, including
number, percentage, mean, standard deviation, median, minimum, and maximum values. The
chi-square test was applied to compare categorical data between groups, while paired t-tests
were used for continuous data. Additionally, Pearson’s product-moment correlation coefficient
assessed factors correlated with the success of the incisions. A p-value of < 0.05 was considered
statistically significant.
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Study endpoint

The study endpoints include several preoperative, intraoperative, and postoperative
measures. Preoperatively and intraoperatively, the endpoints involve the duration of endotracheal
tube (ETT) use (days), incision size (cm), procedure time (minutes), the use of hyperextended
neck positioning, and bleeding (ml). On postoperative Day 7, the endpoints include ETT duration,
incision size, procedure time, hyperextended neck positioning, and bleeding. At the 3 to 6-month
postoperative follow-up, the study assesses the presence of granulation tissue, tracheomalacia,
stomal narrowing, tracheoesophageal and tracheoarterial fistulas, stoma infection, and the duration
of hospital admission (days). These endpoints are intended to evaluate the immediate and long-
term outcomes of different tracheostomy incision techniques.

Results

This study included 51 patients who underwent tracheostomy at Phramongkutklao Hospital
between March 2021 and October 2022. Of these, 25 patients underwent horizontal incisions, and 26
underwent vertical incisions. The average age of the horizontal incision group was 76.52+14.55 years,
with 60% females, while the vertical incision group had an average age of 77.73+17.19 years, with
50% females. The average height and weight were 161.36 cm and 61.96 kg for the horizontal group
and 161.18 cm and 60.90 kg for the vertical group. The two groups had no significant differences
in patient characteristics such as HCT, WBC, PLT, and INR. The comparison of clinical outcomes,
including ETT duration, incision size, procedure time, thyroid manipulation, neck hyperextension,
hemostatic device use, hemorrhage, perioperative suturing, and the type of surgeon (resident or
staff), showed no significant differences between the two groups. Hospitalization duration was
similar, with an average of 104.22+51.45 days for the horizontal group and 116.71+50.02 days for
the vertical group (Table 1). Postoperative complications, including bleeding and infection, were
also assessed. The vertical incision group experienced one case (3.8%) of grade 2 bleeding (2.5-10
ml) and one case (3.8%) of grade 3 bleeding (10-100 ml), while no bleeding occurred in the
horizontal group. However, the difference was not statistically significant (p=0.368). Stomal infection
occurred in one case (4%) in the horizontal group and none in the vertical group, which was also
not statistically significant (p=0.303). Both groups showed 100% wound healing by day 7. After a
7-day follow-up, no significant differences were found between the groups in terms of postoperative
bleeding, stomal infection, stomal pressure ulcer, emphysema, pneumothorax, tube dislodgement,
tube obstruction, wound healing, or days until stitches were removed (Table 1). At the 3 to 6-month
follow-up, one case of stomal infection (14.3%) was reported in the vertical group, while none
was observed in the horizontal group (p=0.197). There were no significant differences between the
two groups regarding complications such as granulation tissue, tracheomalacia, stomal narrowing,
tracheoesophageal fistula, trachea-arterial fistula, stoma infection, delayed stoma closure, or
stomal pressure ulcers (Table 1). Factors affecting the success of tracheostomy were displayed in

Table 2; positioning the patient in a hyperextended neck position significantly reduced procedure
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time, coefficient (r) = -0.3026, (p=0.0309), and larger incision sizes were associated with increased
procedure time, coefficient (r) = 0.3755, (p=0.0066). In the horizontal incision group, incision size,
thyroid manipulation, neck hyperextension, and surgeon type were not associated with procedure
time. However, neck hyperextension significantly reduced procedure time in the vertical incision
group (p=0.0015).

In Table 3, the correlation between the timing of the tracheostomy and hospitalization was
significantly related to hospitalization in both horizontal and vertical incision groups (p-value =
0.0016 and 0.0018, respectively). As shown in Figure 3, the length of the hospital stay was shorter
when the tracheostomy was performed faster in both the horizontal and vertical incision groups.

Table 1: Patient demographic data by incision classification.

Characteristics Harizontal group (n=25)  Vertical group (n=26) p-value
HAge 16.522+10.55 (7.73£17.19 07875
fernale 15(60.0%) 13(50.0%)
Sex _ 0.4730
male 10(80.0%) 13(50.0%:)
Height {cm) 161.36+5.49 161.81+7.44 0.8517
Weight (Kg) 61.96+1548 60.90+13.49 0.795%
HCT (Wol %) 27.36x5.12 28.71+3.85 0.2891
WEBC (Cells/ul) 11,612+4,690.81 10,488.87+£5,424.34 04336
PLT (uLd 257 B6B.00+124 28570 242,040.30+117,045.40 0.6416
IMR (ratia) 1.15+0.18 1.19+0.23 0.5200
Covid negative 25(100.0%) 26(100.0%)
prolonged 25(100.0%) 26(100.0%)
Indication
intubation
ETT duration (days) 36.48+23.06 357749 27 0.59480
Size of incision (cm) 3024070 2771071 0.2101
Pracedure time (minutes) 43 622039 39.38+20.71 04675
Thyroid yes 16(64.0%) 14(53.8%)
044610
ranipulation no %(36.0%) 12{46.2%)
yes 18(72.0%) 21(80.8%)
Hyperextend neck 0.4600
no T(28.00) 5(159.2%)
abscrbable H0.00%) 207.7%)
none 5(20.0%) H11.50)
Packing none - 20(80.0%) 21(80.8%) 0.286
abscrbable
pack
0 24(396.0%) 26(100.0%)
False passage 0.3030
1 1(4.0%) 0(0.0%)
Hernarrhage (ml) 2260413.24 26.35411.88 0.2923
Perioperative suture 0.76+1.09 0.69+1.01 0.8191
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First evaluate
Horizontal group (n=11)  Vertical group (n=7)

(1 week)

Gri=<2.5m 25(100.0%) 24(92.4%)

Delayed Bleeding Gr 2=2.5-10ml 0(0.0%6) 1(3.8%) 0.3680
Gr3 0(0.094) 1(3.8%)
no 24(96.0%) 26(100.0%)

Stomal infection 0.3030
yes 1(4.0%) 0(0.0%)

Stomal pressure
no 25(100.0%) 26(100.0%)

ulcer

Emphysema no 25(100.0%) 26(100.0%)

Pneurnathorax
no 25(100.0%) 26(100.0%)

Tube decannulation  Replaceable

25(100.0%) 26(100.00%)

accidentally
no 25(100.0%) 25(96.2%)

Tube obstruction 0.3220
yes 0(0.09%) 1(3.8%)

Good wound healing  yes 25(100.0%) 26(100.00%)

Day of stitches off 7.00£0.00 7.00£0.00

Re suture 0.00 (0.00) 0.00 (0.00)
Death 11(44.0%) 17(65.4%)
Transfer 1(4.0%) 1(3.8%)

Status Follow up 10(40.0%) 7(26.99%) 0.4240
not done/ 3(12.0%) 1(3.8%)
not due

First evaluate
Horizontal group (n=11)  Vertical group (n=T7)
(1 week)

Gri=<2.5m 25(100.0%) 20(92.4%)

Delayed Bleeding Gr 2=2.5-10ml 0(0.0%) 1(3.8%) 0.3680
Gr3 0(0.0%) 1(3.8%)
no 204(96.0%) 26(100.0%)

Stomal infection 0.3030
yes 1(2.0%) 0(0.0%)

Stomal pressure
no 25(100.0%) 26(100.0%)

ulcer

Emphysema no 25(100.0%) 26(100.0%)

Pneurmothaorax
no 25(100.0%) 26(100.0%)

Tube decannulation  Replaceable

25(100.0%) 26(100.0%)
accidentally
no 25(100.0%) 25(96.29%)
Tube obstruction 0.3220
yes 0(0.0%) 1(3.8%)
Good wound healing  yes 25(100.0%) 26(100.0%)
Day of stitches off 7.00+£0.00 7.00+0.00
Re suture 0.00 (0.00) 0.00 (0.00)
Death 11(44.0%) 17(65.4%)
Transfer 1(4.0%) 1(3.8%)
Status Follow up 10(40.0%) 7(26.9%) 0.4240
not done/ 3(12.0%) 1(3.8%)

not due
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Table 2: Factors Affecting the Success of Tracheostomy

Horizontal group Vertical group All
Variables (n=21) (n=21) (n=42)

r p-value r p-value r p-value
Size of incision 0.3162 0.1236 0.4100 0.0375 0.3755 0.0066

Procedure Thyroid 0.3437 0.0925 0.1923 0.3467 0.2725 0.0532

tirme rnanipulation

(minutes)  Hyperextend neck 0.0214 09191 0.5914 00015  -0.3026  0.0309**

Surgeon 0.3518  0.0846 0.0443 0.8299 0.1614  0.2580

*Caorrelation Coefficient

Table 3: The correlation between the timing of tracheostomy and hospitalization.

Group X SD t p-value
ETT duration 46.20 19.72
Horizontal
Length of stay in 4.4571 0.0016%*
(n=10) 104.00 48.51
hospital (days)
ETT duration 22.29 10.21
Vertical
Length of stay in 5.3286 0.0018**
{n=7) 116.71 50.02

hospital {days)

*Independent t-test

Figure 3: The correlation between the timing of tracheostomy and hospitalization.
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Discussion

In this study, we compared the outcomes of vertical and horizontal tracheostomy incisions
in patients at Phramongkutklao Hospital.

Our results showed no significant differences in surgery procedure time or postoperative
complications between the two groups. This contrasts with studies by Sung Yoon Lim"” and Rajiv
Ranganath Sanji”, which found that horizontal incisions were associated with reduced bleeding
complications and fewer infectious surgical wounds. However, our study had a relatively small
sample size and a low rate of complications, which may explain the lack of significant differences
in these outcomes. Our findings are consistent with those of Johnson-Obaseki S, Bradley PJ, and

8,10, 11

Hermmati H' ', who reported similar results. These results suggest that both incision types can

be performed safely with minimal complications.

Regarding the surgical procedure, we found that the incision size affected the operative
time. Larger incisions typically required more stitches, likely contributing to increased procedure
time. Additionally, we observed that hyperextending the neck during surgery helped reduce the
procedure time by providing better exposure to the surgical site. This aligns with previous studies”
emphasizing the importance of optimal patient positioning to enhance surgical efficiency. Due to
unpredictable changes in neck anatomy, such as soft tissue swelling or the insertion of intravenous
fluid through a central line, our team may utilize ultrasonography of the anterior neck region to
estimate the incision size. Early tracheostomy was found to reduce the length of hospitalization,
which is consistent with the clinical review by Cheung HN.”” However, due to the small number
of participants, determining the precise timing of tracheostomy was challenging. According to
data from Table 1, the second evaluation demonstrated that the number of follow-up patients
was lower than that of the first evaluation, resulting from death by underlying diseases. Our
data was compatible with the recent study conducted by Lei H-H et al."? Patients. Our results
are compatible with Engels PT"”, which indicated that early tracheostomy significantly reduced
hospital stay duration. Finally, our study demonstrates comparable outcomes between the vertical
and horizontal tracheostomy incisions. Therefore, our findings provided valuable insights into the
role of incision size and patient positioning in influencing surgical outcomes. Further research with
larger sample sizes and extended follow-up periods is needed to confirm these results and define
the optimal timing for tracheostomy procedures.

Conclusion

This study found no significant differences in procedure time or complications between
vertical and horizontal tracheostomy incisions. Both techniques were safe, with minimal
complications. Incision size and patient positioning, particularly neck hyperextension, influenced
surgery duration. However, further research with a larger sample size is needed to confirm these
findings and optimize tracheostomy timing and technique. Moreover, early tracheostomy could
minimize hospitalization.
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Limitations
1. Due to the Covid-19 pandemic, there were fewer participants than expected.
2. The small sample size caused the inability to analyze the differences in data between groups.
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Case Report
Myocardial Scarring Post mRNA-Covid 19-vaccine Related
Perimyocarditis

Hutsaya Prasitdumrong, Sarun Kromcharee, Thanakrit Rojndumronggarn and Jingjo Saisa-ard
Cardiovascular Division, Department of Internal Medicine, Phramongkutklao Hospital and Collage of Medicine

One of the rare possible complications of mRNA-Covid 19-vaccines is acute myocarditis
which usually completes clinical recovery, with residual myocardial damage among these patients
beingrarely reported. Late Gadolinium enhancement technique for cardiac MRIis a unique technique
to detect myocardial scaring or focal fibrosis of the myocardium. This case report demonstrates
the myocardial scaring detected by the late Gadolinium enhancement technique in a healthy
21-year-old man who was diagnosed with mRNA- Covid 19-vaccine related perimyocarditis and
was treated symptomatically. Patient completed recovery and followed up in the 4th month post-
recovery with a late Gadolinium enhancement technique cardiac MRI revealing positive Gadolinium

enhancement which denoted myocardial scarring.

Keywords: perimyocarditis ® myocardial late Gadolinium enhancement @ mRNA vaccine
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Introduction

SARS-CoV-2 is an emerging virus that causes Coronavirus disease 2019 or COVID-19. The new
MRNA-based vaccines, first utilized in humans, were developed to prevent serious complications
associated with COVID-19 infection. One of the rare complications of mRNA vaccines is acute
myocarditis, which can also occur following other viral vaccinations. The incidence of COVID-19
mRNA-vaccine-related myocarditis is estimated to be 0.3-5.0 cases per 100,000 vaccinated
individuals"** Most of these cases were young adults with mild clinical presentations.

Late Gadolinium enhancement technique for cardiac MRI is increasingly being used to
detect myocardial injury and chronic myocardial scaring that occurs in some cases of myocarditis.
The presence of late Gadolinium enhancement is associated with a high risk of arrhythmia, heart
failure, cardiomyopathy, and even cardiac death.’

The objective of this case report is to demonstrate the presence of late Gadolinium
enhancement, which denotes myocardial scarring in a healthy young man who was diagnosed
with mRNA- Covid 19-vaccine related perimyocarditis and was treated symptomatically.

Case report

A healthy 21-year-old man presented with acute retrosternal chest pain for 2 hours prior to
hospital arrival. He described a dull, aching pain that radiated to his left shoulder and reported a
pain score of 5/10. He had been vaccinated with the second dose of COVID-19 mRNA, BNT162b2,
vaccine 4 days before symptoms occurred, with the first dose administered 1 month earlier. His
vital signs and O2 saturation were stable. Other physical examinations were within normal limits.
Electrocardiogram revealed a sinus rhythm rate of 60 beats per minute with diffuse ST-segment
elevation except in the aVR lead. Cardiac troponin T was 582 ng/L upon arrival then raised to 770
ng/L 3 hours later. NT-pro BNP was 79.9 pg/mL, hs-CRP 4.4 mg/L and Erythrocytes Sedimentation
Rate 17 mm/hr. A completed blood count and chest X-ray were normal. RT-PCR test for Covid-19
infection and viral panel tests were confirmed negative. The echocardiogram showed normal
biventricular size and good systolic function, with no regional wall motion abnormality, no significant
valvular lesions, and no pericardial effusion.

Cardiac MRI (CMR) was performed on day 3 after symptoms occurred. The size of the
cardiac chambers and wall thickness, including systolic function of both left and right ventricles,
were normal. T2-Weighted imaging, a standard CMR technique for edema detection, showed high
signal intensity on myocardium and pericardium at the mid-anterolateral and inferolateral walls,
as shown in Figure 1A. Delayed enhancement imaging, following Gadolinium contrast injection,
revealed a subepicardial delayed enhancement pattern, which represented non-ischemic related
scarring, at the mid-anterolateral and inferolateral walls with pericardial involvement, as shown
in Figure 1B. Acute perimyocarditis was diagnosed based on CMR findings according to the 2018
Lake Louise Criteria.’
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Figure 1: 1A T2-Weighted images show hypersignal intensity of the myocardium and pericardium
(white arrow) at the mid-anterolateral and inferolateral walls. 1B Late gadolinium enhancement
images show subepicardial delayed enhancement (white arrow) at the mid-anterolateral and
inferolateral walls with pericardial involvement.

The patient was treated with conservative treatment and discharged with complete clinical
resolution on day 6. He was asymptomatic at followed up, and CMR was repeated in the 4" months
after discharge. Follow-up CMR at 4™ month did not show evidence of myocardial edema on
T2-weighted imaging, however, non-ischemic related scarring, which was seen as a subepicardial
delayed enhancement at mid-anterolateral and inferolateral walls, was persisted on the delayed

enhancement technique as shown in Figure 2.

Figure 2: Late gadolinium enhancement images at the 4th month follow-up of a patient with
perimyocarditis post mRNA-Covid 19-vaccine show persistent subepicardial delayed enhancement
(white arrow) at the mid-anterolateral and inferolateral walls.
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Discussion

Incidence of mRNA-vaccine-related myocarditis is reported to be scarce and mostly occurs
in young men after the second dose of vaccination.” The presenting symptoms are usually mild and
occur within the first week after vaccination.” Vaccine-associated myocarditis as detected by CMR
was reported as high as 82 percent during initial presentation.® Most of the patients have complete
clinical recovery as in our case, but myocardial scarring which can cause future arrhythmia cannot
be evaluated by the clinical symptoms. Diagnosis of vaccine-associated myocarditis is based on
clinical symptoms, abnormal biomarkers, cardiac imaging while excluding any possible alternative
causes for myocarditis such as systemic inflammation as demonstrates in this patient. CMR is an
emerging non-invasive cardiac imaging technique for detection of myocardial edema, necrosis and
scarring which are the important finding criteria for myocarditis diagnosis according to the 2018
Lake Louise criteria.” Persistence of myocardial scarring on follow-up CMR was rarely reported. As
of present data, myocardial scarring detected as late Gadolinium enhancement from CMR was
reported 60-70 percent of the time up to 6 months into the follow-up period.*” Kravchenko D, et
al. demonstrated that, of the nine patients who were diagnosed with COVID-19 vaccine associated
acute myocarditis, 80% of the patients reported a resolution of clinical symptoms and all patients
showed a complete resolution of visual myocardial edema from follow-up CMR at 5.8 months on
average. Although visual late Gadolinium enhancement was seen in all patients, a reduction in

overall late Gadolinium enhancement extent was noted.®

Conclusion

Our case presents the advantages of CMR as a useful non-invasive cardiac imaging for the
definitive diagnosis of acute perimyocarditis among vaccine-associated myocarditis patients and
demonstrates myocardial scarring detected by the late Gadolinium enhancement technique for
CMR at the 4™ month follow-up, despite complete symptoms recovery.
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Case Report
Osteopetrosis in young women presented with a fragility
fracture and very high bone density
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Nattapol Sathavarodom' and Apussanee Boonyavarakul'

'Division of Endocrinology, Department of Medicine, Phramongkutklao Hospital

“Department of Orthopaedics, Phramongkutklao Hospital

Abstract:

Osteopetrosis is a rare genetic disease characterized by increased bone density due to
osteoclast dysfunction, leading to osteosclerosis on radiological findings. Osteopetrosis is broadly
divided into autosomal recessive and autosomal dominant forms; the former is more severe
with high mortality, while the latter is more common and often presents with fragility fractures
in late childhood or adulthood. We report a case of a 29-year-old Burmese woman with right leg
pain who was unable to walk or bear weight after minor trauma. She had no history of previous
fractures, dental problems, or chronic bone pain. She denied any chronic medical conditions or
visual or hearing problems and was not on any medications. Examination showed tenderness of
the left thigh with a limited range of motion; otherwise, the findings were unremarkable. Laboratory
findings revealed normal serum calcium, phosphate, and parathyroid hormone levels, except for a
low vitamin D level. A BMD scan showed high bone density. Genetic testing for skeletal disorders
revealed heterogeneous CLCN7 mutations consistent with osteopetrosis. This case highlights the
importance of considering osteopetrosis in patients with fragility fractures and high bone density.

Early diagnosis and management can help prevent recurrent fractures and improve quality of life.

Keywords: @ Osteopetrosis @ Fracture
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Introduction:

Osteopetrosis, first described in 1904 by German radiologist Dr. Albers-Schénberg, is also
known as “stone bone.” This rare genetic disease is characterized by increased bone density due
to a disorganization between bone production and resorption' Osteopetrosis is broadly classified
into two types based on the mode of inheritance: autosomal recessive osteopetrosis (ARO) and
autosomal dominant osteopetrosis (ADO)* ARO is known for its high severity and mortality in early
childhood, while ADO is more common and may remain asymptomatic until adulthood™*

Clinical findings of osteopetrosis generally depend on the type of disease. ARO tends to
present with neurological symptoms and hematologic manifestations, such as progressive deafness,
blindness, or bone marrow failure. Conversely, ADO typically has mild symptoms and may pres-
ent with pathologic fractures™ Here, we present a case of osteopetrosis in a 29-year-old Burmese
woman who experienced left leg pain and an inability to bear weight after minor trauma despite
having an unremarkable clinical history.

Case Report:

A 29-year-old Burmese woman presented to the emergency department with a three-hour
history of pain in her left thigh after a fall in the bathroom. She was brought to a nearby hospital
because she was unable to walk or bear weight. She had no history of previous fractures, dental
problems, or bone pain. She denied any changes in her weight, visual problems, or hearing prob-
lems. Her menstrual cycle was consistently normal. She had not been on any medications and
had no history of surgery. She completed compulsory education and did not drink alcohol, use
other substances, or smoke tobacco. There was no family history of metabolic bone diseases or
unexplained fractures. A plain film of the left hip revealed a closed fracture of the proximal end
of the left femur (Figure 1A, 1B). The lateral spine film showed a dense band at the superior and
inferior endplate (Sandwich vertebrae) (Figure 2A). The pelvis film revealed cortical thickening
and bands of sclerosis along femoral necks (Bone within Bone) (Figure 2B). She was then referred
to our hospital for further evaluation and treatment.

Figure 1 (A) Fracture of the proximal end of the left femur (B) After surgical fixation with a
proximal femoral nail anti-rotation (PFNA).
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Figure 2 (A) Dense band at superior and inferior endplate (sandwich vertebrae)
(B) Cortical thickening and bands of sclerosis along femoral necks (bone within bone)

Physical examination showed stable vital signs. She was a well-nourished woman with
a body weight of 60 kg and a height of 163 cm, giving her a BMI of 23 kg/m?2. No facial or skull
deformities were seen. She did not have icterus or pale conjunctivae. The thyroid examination
revealed a normal-sized thyroid without any bruit. The lower extremities appeared normal but
were positive for left thigh tenderness and limited range of motion due to pain. There were no
varus or valgus deformities. No pitting edema was observed. Heart and lung examinations were

normal. Neurological examinations were unremarkable.

Initial laboratory testing showed a normal complete blood count, kidney function tests,
and electrolytes. Further blood tests for metabolic bone panels revealed normal serum calcium of
9.43 me/dL (reference range: 8.5-10.5 mg/dL), normal serum phosphate of 3.99 mg/dL (reference
range: 2.7-4.2 mg/dL), decreased 25-hydroxyvitamin D (25-OHD) level of 9.43 ng/mL (reference
range: 30-100 ng/mL), and normal parathyroid hormone (PTH) levels of 38.9 pg/mL (reference
range: 10-65 pg/mL). A Bone Mineral Density (BMD) scan revealed a Z-score of +4 at the lumbar
spine and +3 at the femoral neck. Given the presence of a fragility fracture at the subtrochanteric
femur and high bone mass but no clinical suspicions of secondary causes of a pathologic fracture,
further genetic testing for skeletal disorders was ordered. This revealed a heterozygous mutation
in the CLCN7 gene (c.2073+1G>C), consistent with autosomal dominant osteopetrosis.

The patient underwent surgical fixation with a proximal femoral nail anti-rotation (PFNA).
She was discharged from the hospital on day five without post-operative complications. She was
prescribed calcium supplementation with oral calcium carbonate 1.5 ¢ daily, a vitamin D supple-
ment with oral vitamin D2 (20,000 IU), one capsule three times per week, and pain medications.
She was instructed to follow up with her outpatient physician to monitor bone health and manage

complications.
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Discussion

Osteopetrosis is a group of rare genetic disorders, previously named “marble bone disease,”
characterized by increased bone density on radiographs' The incidence of osteopetrosis varies
with the mode of inheritance. Autosomal recessive osteopetrosis (ARO) has an incidence of 1 in
250,000 births, is severe, and has a poor life expectancy. Autosomal dominant osteopetrosis (ADO)
has an incidence of 1 in 20,000 births. However, specific epidemiological data for osteopetrosis
in Thailand and other Asian countries are limited. The scarcity of comprehensive studies in these
regions makes it challenging to determine precise incidence and prevalence rates. This lack of data
underscores the need for further research to better understand the epidemiology of osteopetrosis
in Asian populations.>” ADO is associated with inactivating mutations of the chloride channel 7
(CLCN7) gene, contributing to ineffective osteoclast-mediated bone resorption® ADO is classified
into two types: ADO type |, which tends to have mild clinical manifestations and commonly causes
osteosclerotic thickening of the cranial vault, and ADO type Il (Albers-Schénberg disease), the most
common type of osteopetrosis, which tends to present in adulthood with pathologic fractures,

early arthritis, and anemia™"’

Diagnosis of osteopetrosis is based on clinical findings and radiographic appearance. Stan-
dard radiological features include increased cortical bone thickening (affecting the spine, pelvis, and
appendicular bones), a “bone-in-bone” appearance in vertebrae and phalanges, and “sandwich
vertebrae” which occurs secondary to excessive sclerosis of the vertebral endplates' Laboratory
findings, such as increased creatinine kinase BB and tartrate-resistant acid phosphatase, may assist
in diagnosis without radiological finding'' Genetic testing can confirm the diagnosis and differenti-
ate subtypes of osteopetrosis for prognostic prediction.

Patients with osteopetrosis are prone to fractures, even with minimal trauma. Waguespack
et al. found that osteopetrosis carries a high risk of fractures despite increased BMD*® In this case,
the patient presented with a fragility fracture of the left femur without clinical clues for possible
metabolic bone diseases or other risk factors. Her significantly increased bone density on the BMD
scan led us to consider osteopetrosis as the primary differential diagnosis. The patient had normal
serum calcium, phosphate, and PTH levels, which did not aid in the diagnosis, as these laboratory
findings are typically unremarkable in osteopetrosis.' Additionally, her low serum 25-hydroxyvita-
min D level could reflect vitamin D deficiency, which is more prevalent in the female sex; younger

age was independently associated with lower serum 25(0H)D levels.”

There is no definitive treatment for osteopetrosis besides supportive treatment and sur-
veillance. Frequent complications, such as fractures, require surgical management, which can be
challenging due to the risks of nonunion, delayed union, and osteomyelitis** An ophthalmologic
evaluation may be necessary to prevent visual loss in cases of optic nerve compression, although

this complication is more common in individuals with childhood-onset**
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Diagnosing osteopetrosis can be challenging, especially in regions where its prevalence
is rare and other clinical findings are absent. However, it is essential to consider osteopetrosis
in patients with fragility fractures and high bone density. Differential diagnoses include Paget’s
disease of bone, fluorosis, pycnodysostosis, and other sclerosing bone dysplasias like Camurati-
Engelmann disease and melorheostosis. Paget’s disease can be differentiated by its typical mosaic
pattern of lamellar bone on histology, elevated alkaline phosphatase levels, and deformities like
bowed legs. Fluorosis presents with diffuse skeletal sclerosis, a history of high fluoride exposure,
and dental mottling. Pycnodysostosis can be identified by its characteristic features such as short
stature, open cranial sutures, and acro-osteolysis. Camurati-Engelmann disease primarily affects
the diaphyses of long bones, with associated limb pain and muscle weakness. Melorheostosis is
characterized by hyperostotic changes resembling “dripping wax” on radiographs, which are often
localized to a single limb. Early diagnosis and appropriate management of osteopetrosis can help

prevent recurrent fractures and improve quality of life.

Conclusion

Osteopetrosis is a rare genetic disease characterized by increased bone density due to
unorganized bone production. The most common type, autosomal dominant osteopetrosis, has
a normal life expectancy. Patients with osteopetrosis tend to have pathologic fractures and a sig-
nificant disease burden, requiring management by a multidisciplinary team of specialists, including
orthopedists, endocrinologists, and geneticists. This case highlights the importance of considering
osteopetrosis in patients with fragility fractures and high bone density despite the challenges in
the absence of other clinical clues. Early diagnosis and management can help prevent recurrent
fractures and improve quality of life.
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é’qlzjﬁﬁm']umm&;ﬁ%’ﬂwu& 9 uadmnaiendesiunszuaun1s metabolism ¥a4 long-chain fatty acid
TnevhliAanssunguiuresvadluiuluwadiu TasornmsfiAntuduoinisiiddylunisidedousn
TsAwaan1az HELLP syndrome @sagilonmsadieiu wu Aenudulafingatu msvinnuresiuinund
F1 Creatinine g4y indadonsh uenanisaunsafisldisassnnzsuiuiefosas 50 Sndae®”
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N1505222109R8

A% HELLP syndrome ﬁLmeamimaﬁ]LﬁaiﬁﬂﬁaLLaz%’ﬂmaamé’aqﬁ’Uﬂ'ﬁ@LLa Pregnancy-
induced hypertension with severe features LUINITHTIVAAA fisasiolui®

1) 135939519NBLALATIINNN 0IU[URNS Lﬁammmmaqmméﬁ’uiaﬁmqa (Secondary
hypertension) HaNsENUAINTEUUIINAIUAULAYRES (End-organ dysfunction) wag l5asy
(Comorbidities) Wi AU ITALUINIY

2) din52anaeaUfURNT3 bewn CBC, BUN, Serum Cr, AST, ALT, UPCI (50 Urine protein 24
hours), lkaig EKG 12 leads (Echocardiogram ﬁﬁnﬁm%ﬁui’mﬂlﬂ)ﬁauﬁﬂm’mm Secondary hypertension
nsdAfadendausn

3) Tungu Chronic hypertension finnsandsmsiadusasausniiuidinasss (deuengasss 20
o) Tdm3uUszidiu End-organ dysfunction Afegidiu flenasedldiunsinwinarliiuioudiouna
379 N3dififloInsuazeInIsLandTiasde Superimposed preeclampsia

4) anRamuAaudulain lnealuauAdming Ae Systolic Blood Pressure 120-160
mmHg wa Diastolic Blood Pressure 80-110 mmHg #1nas3any BP > 160/110 mmHg Ta1saiu
Snwlulsaneguia Lﬁamfmwﬁaqﬂﬁﬂ’aﬂmﬁmLamLazLEﬂﬁzi’qmiLﬁm Superimposed Preeclampsia
LAz Severe Features Tneilsvazidonsial

4.1) szmﬂiwmu,a G]ﬁ’sf\]i’lﬂﬂ’lﬂ Uivmmiﬂuma@mmmﬂawm (Compliance) 81N15U0%7
AN %mmuaw wouwilos thntniiinTud wasuuuIuant A519319M8ANLTEUU A8 reflex
AU EEN1IATIRATIS

4.2) den 53N aesU URNIg \iedTiasn1z New onset proteinuria: UPCI %38 Urine protein
24 hours Mas UA ieldusnmsdudeu fifiadesunluliaany (Pyuria) viedndelumaduiaans
LWﬁmfﬁJummmaq Proteinuria &

4.3) dansavnevieaUJuRnis iieATadenme Severe features: CBC, BUN, Serum Cr, AST, way ALT

4.4) whanmuausulain vn 2 - 4 Al

4.5) Uszliiumsnuazfnmunisiiuuesialanisn (Continuous fetal monitor)

5) N5M5RAAIUNITATUATIA (Antenatal fetal testing): WA158U1%1 Non-Stress Test (NST)
nn1-2 FUansilusnedu Chronic hypertension Al¢suen viiedine fetal IUGR 138 superimposed
preeclampsia Wilagiialuagiiansauyi NST lunnsg™

6) 1158 33n154Am IUGR: Ultrasound titeUssidiudminnisn (US erowth) Tutaelasunad 3
(Uszanauegasss 28 - 32 dam) 1 %1 wazariansiainnunseSyiulnvemsnlunsssvie A9
Fue diadin WRasauANLmIYEY

Ja0uin1sduunuseinnuesn1iz HELLP Syndrome muinaigin1s3laseve Tenesese
Classification taig Mississippi Classification %3 Tennessee Classification System pantdu 2 Uszian laun
Complete HELLP way Partial HELLP lng Complete HELLP zilonmsasuits 3 91719 LALA NTLANYDS
Snideauns toulwsidugs uazindaiden luvaigil Partial HELLP Usznaude 1-2 Tu 3 913 293dade
AUNANTNTINTRIUFTRANS (5197 1) WaNNT MITUNUsELaMTBINTIE HELLP Syndrome my
Mississippi-Triple Class System wuadu Class 1-3 mmwamﬁmwmqﬁaaﬂﬁﬁamﬂl (mswﬁ 1)
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f19199 1 N15UUIUIELANUDY HELLP Syndrome ¢13 Tenesese Classification way Mississippi

Classification
HELLP Class | Tenesese Classification Mississippi Classification
1 Complete or Partial: Platelets < 50x10%/L
AST or ALT = 70 1U/L
LDH = 600 1U/L
2 Platelets < 100x10° Platelets < 100x10°/L and = 50x10°/L
AST = IU/L AST or ALT = 70 IU/L
LDH = 600 IU/L LDH = 600 IU/L
3 Platelets < 150x10°/L and = 100x10%/L
AST or ALT = 40 IU/L
LDH = 600 1U/L

AST = Asparate Aminctransferase; ALT = alanine transaminase; LDH = Lactate Dehydrogenase

NaY8In12e HELLP syndrome fandlsnsnsssuazmsnluassd

AME HELLP syndrome dunguernsiiieadestunnzassdidufiv Inefneinsallsaingnin
annsadiatunaziinissiiulse (Progression of Disease) findaslutnmdsnannld® Sinisaaniuens
mmmamLLazmimawnﬁaaUﬁﬁ’ﬁmi (PIH blood test, Coagulogram uag Serum LDH) 9g139tioy
nn 12 Plumdaanmsitadunng Severe Features® lUaufsszazvdanaon Tndning Platelets uaz
Liver enzymes agnauanunfiniglu 7 Jundinasn Lamniin1sn1snsaany AST = 2,000 1U/L wag serum
LDH > 3,000 IU/L azifiasmsimelundenansss (Mortality Rate) ¢ Inesnsnsideiinvemdasenssd

wagusvinuouay 1 LLavamﬂmm‘UﬂwLLavLaslsn’msuaqmsmvaaﬂivmm Jouaz 10-60" NgNaINTT

HELLP Syndrome a1ansliftinniiy Ltmﬂ%umwmmmmLLaumiﬂmﬂauLLamamaam Wy fuae
lame svuumadumeladumandoundy dviuden ANLADATAIARBADEINTURTY N1IENIINIUATIA
WigAvlad nmgsnasndneuivun lsavasnidenduss nNzideaulialunaoAEeALUULNINTEAY
wazn1IzIn’
BUINNNITINEN

Mg HELLP Syndrome ilunguornisunsndeuiidnnulundgssanssdiidnnizanudulaings
UrRiATIiTinguLss (Preeclampsia with severe features) Sauuamensdnunanafiinnganuiu
Tofingeunzsanssruiinguussfinnsanann nsdlengassfinnimieniiu 3a et aaslinaeniiud
ndanfianunsannuguaudulaiinle uazqualile3ventesfunisdndsuunii@on daumm
(Magnesium Sulfate) sewflosaudls 24 Flumdsnaen lunsalengassndesnd 34 dUav mnause
AIUANINITYadlsAlARLas LT Fetal distress wug uﬂwmmumimmmmiﬂ (Expectant) uann
ENIMm@’]ﬂﬂﬁiﬂ‘ﬂﬁﬁmﬁﬂLaﬂﬂiaﬂlﬁﬁ]ulmLLuwuﬂ‘Vﬁﬂ‘UWLL‘UU Expectant faiju mamm‘mmmmamm
m’;ummmuiawmqwmummimum?mmLLauaJm’Ju HELLP Syndrome fluuamenissnwn® éiil

1. finsanulisnwilulsmeivia femudyaiadn Wuaddi-esnansiee Suldndues
MY wagAanunanamaiesUjiRnsiefsnmunsuiswedsauasUssidunisinaneg HELLP
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1 seudulesisludongstu (AST uay ALT gstiuunnndi 2 1) Platelets counts s (tfoginini
100,000 au.93.) Lactate dehydrogenase gannndiniu 600 Iw/L lagfnnueisdeenn 12 Flas
JUNTETIAADALAY SEEENAIRAEN s’mﬁqé’mmmmiﬁ@m%ﬂLﬁammuﬁw@h HiFen0and1evensn ALried
ades lunsdifinuirfiuualiiud Platelets counts fas 019f1sau e ea Isidonwiia Fresh frozen
olasma (FFP) 13 Platelets wiowfiu Platelets counts?

2. Usdunmstnmenunili@audamyn (Magnesium Sulfate) hazaMzunsngouanuunilidey
Jufinw (Magnesium Sulfate toxicity) TneAsnnslfenditen2s figed

- Loading dose WJuuunili@eudainin 4-6 nSuidmiavasaidons1d Tu 15-20 u1di (10%
Magnesium Sulfate 971UU 40-60 Laddan3)

~Maintenance dose fheuund@eudaunin 2 nfustedluadvmmaassdens (50% Magnesium
Sulfate 912U 40 Taddns azaelu 5% dextrose/water 960 fiadans Wamasadana 100 Jadans
N 1 $alu)
MniuRnessiuroun@endamin ludfudiotostumsdnaseglussdu 4-7 mEq/L uazaaliiian
HFoudanin dlotmandvostewiuasdailifivieanas wielldnsnsmelatinit 14-16 adwieunil
vieUsiadaanefioanainireniedesnin 100 fiaddnslu 4 4309 wazfiansanled 10% Calcium
sluconate 10 fiaddnsdnsasndans Weflonsvesnnzuundifeudufiv

3, Iﬁma@mmﬁﬂaﬁmLﬁa%’ﬂmmmé’ﬂaﬁM%&_ﬂmzﬁwﬁl’md’] 160/110 HadwnsUsen lngen
iy First line lgun

- Labetalol 5ufi 20 fadnfuimavaendens wiu 2 Wit warlfenluvuin 20-80 fadnsy
N3 10 Wil wungeanliiAu 300 fadn¥u s19geengudlu 5-10 urit pengssusssruulszany
Sympathetic dutanedmarilianudunuremasadendiuvatsanas Famatrafeseariliany
sulafias Feudsey meladuin nmeiiledumaes Soialdeniflusefiiamewladuman veudia wila
WUTDEITUS

- Hydralazine Guduil 5 fiadn3udtmiviaenidend uazinaudulasinnn 5 Wil mavdsda
lu 20 wiftud awduladin Diastolic Sigendn 110 HeAwmsUson ausalielédn 5-10 Tadndu
groengrisdusinsdiwadvenadeniinduioBurevaendonlaenss lrveondenveei 3
o1vilvianusulafinmesenng dwalidenlvadeulugmisnluassilifisame e1afinnne Non-
reassure Fetal Heart Rate 19

- Nifedipine 1Jundiniuuseniu auin 10 Jadniu amq‘m‘émﬂu 5-10 w9 maaﬂqw‘ﬁgﬂmﬁu
weadeuindwadnduiiouazmaandon shlvindudevlavhnutesauasvaenidondulaignansdi
minlien Nifedipine $3uffu Magnesium Sulfate foafhsefinmzarusulafinsetnssings viliden
Inadeulugmsnluassdldiiganala

a. imofalaaiiiusoud (Corticosteriod) Llansuuanmsnuaginmuguninnsn iy n1sils
Aoealanisn msduiinnisauvesmisn wilunsdififiennisvesnig HELLP Syndrome Taldaasalsl
corticosteroid AsuU**

5. SuiinUSinuanstindr-senansnmedusediluidesnnmdetsassdifenuduladings
vauzfenssfazimnultensldsunievnwaauasiunduiae mnldsuasiviinaannetarili
\AnAME Pulmonary edema 1o
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6. Winaaailledon1ssuustu lnguwinsnvuiiivesnyingrdegiusunndunausemealne
Foamsauannusuladinadungaansss kugd1ImInnueIn15vedn1ie HELLP syndrome 915001
Tviraen lnglidladeeyassn™ uaginnuanudulaiandiraansailiasegiaios 72 4alus Fan1e
HELLP syndrome laifiaid utdausdlunisiidnnasanismdvios uazlifiansanainauvaimeesnisn

< ~ < i ooy a Y v
mndunsdifiaisaaeanlaeisy wivinuagndaldnseue1aiarsanisiidnnaenls Wy a1y HELLP
Syndrome Tusrefiunuagnlinseunazorgnssnies diulunsdlnasanisyesnasn o3lvanmans
Wnan1s tikn ANYIEAIRAYTBLATOINARLANINANDILAINTITIAREN WazanTees?l 2 UDIN15ARDN

unumnenuatitenstiasiuuazguasne
Tutgtudshiiitnmsfiamnsadeatunmzanudilafingsasdinssddaduaimmuomnisin
A% HELLP syndrome laagnsiiuszansnim G‘T\‘iﬁ?umﬂﬁﬁﬂLL‘usﬂﬂLﬁlEJ’JﬁJ‘Uﬂﬁ‘UisLﬁ‘ULLa%‘U%J‘UWi]ﬁﬂiiﬂJ
Wioanladeidownanilussermnssddededuunumiddyremeuaiinuddyduegebs
ImaﬁﬁLLuzﬁﬂLﬁaﬂizLﬁuuazam{jﬁaL?iawiaﬂmﬁmnwm:ué’u‘[aﬁmgwmzéﬁmiﬁﬁﬁqﬁi@lﬂﬁ
1. mavssdiudafoidemesnainnnzanudulaingsuneisnssd lnevdadansssnnaeasld
%"UﬂﬁzLﬁuﬂﬂ%’aL?iaaéiy’aLwiﬂ%y'aLLﬁﬂﬁmmﬂﬂﬁﬁuazammmaLﬁaﬂuﬂqﬂﬂ%”’qﬁmmﬂmiﬁ eanansaussdiy
IFannsdnuse Tauazutstadondedls fad
1.1 Yadendeage loun fusziinsgingmiluedin Useiinnnedhiunmssnvimeiuna A
IawmaﬁumwmimmamsammL‘duww U'iu’mﬂ’liL‘\]U‘U’JEJﬁiE]ﬂJU%’JG]IﬁﬂE]’]EJiﬂﬁN oA lsaumanu
Tsaln videlsAnsongsnssuduy
1.2 Yafondostiunans Taud Wunsdsasssadausn nsfeasduda visisassdenguinnis
35 T uiiviuimunanon daflinameinnnt 30 ke/m? wivdediaruaeiinmzanusilafingeuneiin s
fiadl mamuTmdekeassiitdedegs 1 Hady videtafuideiunansious 2 Jafoaasqualii
I§unoalniu 81 fadndu Yuae 1 Wamain dausdengassd 12 dUniaudl 36 &Uavi Saufunis
Aannaiihsz Tinmedensandevganuasitiugnmsseiinge TigiRmanisnsenunssdiey uenainnis
FnusyIoud ndemenssmslifunsusaiudugadnlnsamzanusiulain msilusiusazinnads
Tuthianz mafaduvesiminuasnginssunssulssmuemsssrnesinssflunnaswesmandinasss
2. FuugiiileufungdnssuitenaneliAnneg mmé’u‘laﬁmmﬁumv@%miﬁ Town
2.1 m3fudsgnuemmliasu 5 wniuedradivmenasarnuae laud ngudna-uds Lua
dos in waldl wavuy lnewdaduilondn 3 - 4 dle/u LLavmmsaNwmmmmﬂmmms 2 -3l
SutssmueTIeieunae WS 1% - 2 Halus Bensulssniueianguiiednd 14 Sy uasua
sufaunasunaiendu 017 loiAsnsasssund vandnvandes Wnuds-oou wazsuussmudnuald
yniu Iwzﬁaﬁgamsﬁﬁﬁﬁ%ﬁmamadauéﬁ”’amsﬁaﬂummsﬁﬂﬂa (18.5 - 24.9 kg/m?) msﬁﬁmﬁﬂéfuﬁuﬁu
um’mmmmmmm 11.5-16 ke. Imalmmal,wﬂumuﬂmuwu 0.5-2ke. LLaJLuimmam 2 - 31w
mammu 0.5 kg./wk. uaﬂmﬂummu”ummmmmmmﬂummiwmmmmwaﬂLam lewn a1m1s
Alsawivau 917 TUUNTUNTOU YLIUINGS 1nTeRuTiTisamu thdmay Lﬂsaw‘lwwaaamm 9113
fifllustugs 01 (ledniRntu ensfiugsdeisnamen unsngiivieruuilldnsd uavewnsiifisaniiau
2.2 MSWNEBULDUNAY I@smmqmmiﬂmsuawaﬂummmﬂamuamquaa 8 Hlue/fu
wagiiniau 30 udl - 1 Fludlutienansiu msueuinsunaiioannisnariududesilrdonlnadeu
Tuitsnldazaan
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AMg (HELLP) Syndrome : unummwenuaiiienstesiulazguaine a7

2.3 Madunauazdsuiduensiiaund deteludl
1) mstfunshusesnsnluasss ks liEuiunsiuresmsndlediglasina 3 wasdy
soiledluautunaen Ingenauuzthnmstunsaureamaniiasiidwauedietion 10 asilu 1 fu wfeily
mshuremanmsEsmuedietes 3 afanglu 1 Flumdniulssmuemaynie ieUssdiunme
FUAMYDIMITNIUATIA
2) e sfuansionistiarudulafings léun vanfse maseafiuiudsuilas gnuiudu
U mnflormswaniiedueinisinund m’ﬁﬁ%maﬁmﬁ'umwuLLWVlsTﬁuﬁ uanmaf:ﬂ’;il,ﬁus’mﬁu@qg’q
Assfdiuruddyesnisuihnasiduagmsnihnassdauinynafedisainaue2s
Sonuimideisasssdanzanudulafingsiaguuss (Preeclampsia with severe features)
fmsiuiuveslsailoniaiinanig HELLP syndrome el Fosfiansaniundatansaiidnsunsine
Tulsmenuiauaednumdlunislinimmeiuna®? il
1. maguarily
1.1 esvrelinsuisnisdniuveslsauaznzunsndouiionaiiau wu nne HELLP
syndrome wagngdn saudaluanielunissne wu nstieiuni@eudany wagnat1ufgaaIng
Mtlunsdnw
1.2 qualsiindeuusuitnuuis (Bed rest) uugthliusunzunsineiodaaiunisivaiou
Fonlugnsn uardndanndenlia anuaniedss Nusummivinonsuazyaansliimnzauile
annnsnszduanesdunauazldineusg it Tnednlvegluuinuineruiaaunsausuiiuiile
Usziiuanslanaen
1.3 ammmamawwﬁmﬂﬁﬂ’amiLﬁaammmmmwmwmiﬁﬂLLagﬂizLﬁumiLﬁ@mw
HELLP syndrome laun seautdulasifuludan (AST 5o ALT) Platelets counts, Lactate dehydrogenase
Tnefasuagnetionyn 12 Falus sdsdannensdiansndennudiin fideneendiengnenn fundes
Mwdes” omsdensenaulsily Jaangdldn™ uazqualiidenyiln Fresh Frozen Plasma (FFP) %30
Platelets muusun33nw® Woiluualifu Platelets counts Aad
2. quanisilaatunistn Tasguatamnuduladin vn 1 §2lus Usediuernsthasumsiineinisdn
loun Unfsr i gnuduiud ondeu warqualildsuatestumsdnamununsing enfides
Telun1sdnw e wunli@eudainy (Magnesium Sulfate) T8N Infusion Pump uazRAAINTZAUTDS
wuniiFesludilverlussAuresnsinm (47 mEg/L) Ussliupmsiuansdannisundidoudaminidy
fwdusyer 1o Yssiiudasmamelanazenudusweseendiauluiden (Oxygen saturation) W 1
Fluddnedasnsmelalipsainii 12 - 14 ayundl uas Oxygen saturation >95% Usziiiuamandves
Foriuazdown (OTR) W 1 42l vinwui1 DTR < +1 %30 absent w130 > +2 uansdansiinuidesions
4 wazwdene 10% Calcium sluconate dwsunsdifinuinfiansuuniiBeudammduiviuiunis
auals O2mask 10 dn5/w” saudinsguasinishiguauieannislasuen wu nsgualiiiuszauiiy
vidordnsn mnflemsfeugunuamsane uazilesnnrdusenmale Ssmsldaeamutaanzyiinm
aeifleUsziiunsvhnuresdlauastuiinUiinasihiaansiidueenlimstesnit 100 Sadanslu 4 43lus
vidselsimstiosnd 30 33/4lus audsnsitadesUanyn 2 Falus uazdanneinisuans Toun wiunthon
meladiunn meladr Wedssdiun1aAnnme Pulmonary edema tisil msliisifietioatumsdnazaua
Tenauils 24 lusmdanaen
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3. quamuauaNsuladin nsqualiliiusaneudulafinmaununisine Tnemluvdaan
aualiinioutaglaSuguunii@eudauinuds vnausuladindilianas wnndaziarsanlvenan
audulafin 1 First line vasendiidanenuduladin leun Labetalol, Hydralazine uay Nifedipine uag
AnauUsziiuaudulainvaslasuen dvansseisdmiuen Labetalol viaslvignaisgualviueausin
ogstion 3 97lus liimsanifuiiiosnngeengvsaneudulafinlduin o1aifnenmsdsufseeld fas
ns1nseuresiila nsmgla swdnsiinnngmladutilunsausnia ludiuen Hydralazine uag
Nifedipine feaihsfanmzanusulafinsedising warorvdmalidenlvaisuludomsnluassd
Lalvieane

4. gualiAuganissansss nadivdeiansadlaunisitiadedniinmeg HELLP syndrome ne1una
AWAUTEATUNNAVAIUIIVITN 8171 NUITWNNE YIDIFYUNNE/NE1U1aNTHHITAARBANIINTIT B
Sufurnusunmsiugansnessiiflelivdeiinssdnasanisnegisasads uazndoudaaenlinion
sonsnaen Wy Tunsdlindinnaen mseSuiemanalunsidanaen AsiAnafunisidinaaonuay
amzusndouiiorainty nisasunilianubuseslunisidn quarhaiuazeiasianie vasdia
fluvaon NsantuareInIanIain nidinaeanistosaasnorandsutisunnglunisvingiaans
nanns™® wazwseugUnInitiedinnsnuasaunsainissunniingen 019 nswlsugsnwiaamgiivase
iAeuiemsnlilgumall 37.0 - 37.5 ssmwaldua fuASenSumsnidaNgy Ambu bag wiiadl
Reservoir Mask U3 0 wag wes 1 sendauviandoudils (Judu?

5. quavidsnaan Anmudayaasdnnn 2-4 Flus Inslamzanusiulaiin e1nnsuazensuanIwes
aaglafingefigunsegsaeiiles qualsilesuedesiunisdnaude 24 aluandanasnuareinis
Trafssanefudn quaiiszfanisanideandnasnain Platelets counts suaznaainnnslasy
winiidsudamimihlindudeungneansda® lnsqualiendionssfunimnindosmngn uifosssds
gnguiilivaenidondui inszoraviliAnaudulafingsuazseiiiunisudsivesmngnyn 15-30
uiilutag 2 rluusnudsanonuazfinausieiiosegnetiosinsay 1 % SawfunsaeusnInadaungniie
aulosuar Insefugeaungniiiegmsinuvesungnuazdesiunsnnideandsnaon Ussiiiudnuay
uazideniioonynadasanenniothaivanlasuuzihnislaiewfeduidonuasianuareine o
duiugernagns sdeaiflofinsumnuiduduvenden qualvinszimneiaanizing lunsaindinnaen
maLLuummsﬂiumuiwmsmwamaamaﬂLmuimammsﬂu 24~ 48GUQI‘J,NLW@ﬂ@QﬂUﬂ’NNﬂTﬂﬁM@WW’]ﬂ
mawBsuwi wusinisesanuiandnaeauarenisiinuniisoanismeiuianoutulin uenaini
Fosguasnuialaifeafummidandsaifstunansynuveslsadesnsamiinaenuazgun myenen

G
AME HELLP Syndrome tfungueinisvesnnzifinidenuniunn euluidugaazindaidons
Faduneifiannuguuse Fatnnulundedenssdfidnnzassfdufiv danaronnszuulusienie
Tagansiisinnu laud nazindadendt nsvhauvedlafaung N13NYINA889AU BINITNETEUY
Uszamadiunans lawn 81nsuindsee anssnien1iedn win1ig HELLP Syndrome d8ns1n15tin
foslundgadansss uidunneiifauguuss dwaldiinnngynmannviedeiinvemdaiansss
wazmsnlunsssle dady maﬁaaﬁ’w‘%amﬁﬁﬁ]ﬁ'ﬂLﬁ@iﬁﬁ@ﬂéﬁ%ﬂiiﬁlﬁ%’umigLLa%’ﬂw’]as;i’mmSﬁw
AnudAydustuin Wmmaﬁwmwﬁﬂﬁﬁﬂumﬂﬁm3wmmaLﬁaszj"m{]mﬁul,t,asgLLaw@aé?amiﬁﬂm

EN

D

.
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Az HELLP Syndrome aiingnunadaafinruiiaganudlafenfunesaisy n13dads o1nisuas
DINTUARS UAYHATDIVBIN1IE HELLP syndrome don1sansaduagnisnluasss ileannsnaunu
nsneualunmstostusasguandianssdldiussaviam Tnequalivdianssiueuin fnnua
dulafinuazranisnsrameviosu foRnsiAetes ldun Platelets AST ALT uay LDH agnasieiiles qua
Tilasuetesiunisdn srauauAuAulaine NS N ¥ILaEN1SAAMIUNATILALIIINET FRRTY
aunmwaamsnluassfesndlnddn sufisUssanuivavany i niieumnausunsnaenetisUaende
ANAIUAUTULIIVEINTIE HELLP Syndrome naspaanuazti1syisnisiinnnzdnainanuilaings
LazAMEANRDANTIARENA

LONEI581984

1. Lisonkova S, Bone JN, Muraca GM, Razaz N, Wang LQ, Sabr Y, et al. Incidence and risk factors for
severe preeclampsia, hemolysis, elevated liver enzymes, and low platelet count syndrome, and
eclampsia at preterm and term gestation: a population-based study. Am J Obstet Gynecol. 2021
;225(5):538.e1-538.e19.

2. Ara S, Balgopal Singh B, Birla N, Bank G, Albanie KEYWORDS T. Incidence of Hellp Syndrome in
Preeclampsia and Eclampsia & Maternal and Perinatal Outcome Including Morbidity and Mortality.
Medical Science Gene Bank, Tirana Albanie Gene Bank, Tirana Albanie Gene Bank,

Tirana Albanie. Indian Journal of research. 2015;4(7).

3. Abdullahi FM, Tornes YF, Migisha R, Kalyebara PK, Tibaijuka L, Ngonzi J, et al. HELLP syndrome
and associated factors among pregnant women with preeclampsia/eclampsia at a referral
hospital in southwestern Uganda: a cross-sectional study. BMC Pregnancy Childbirth. 2024;24(1):626.

4. Kongwattanakul K, Saksiriwuttho P, Chaiyarach S, Thepsuthammarat K. Incidence, characteristics,
maternal complications, and perinatal outcomes associated with preeclampsia with severe
features and hellp syndrome. Int J Womens Health. 2018;10:371-7.

5. Khumsat R, Wongwananurak T, Boriboonhirunsarn D. Incidence and Risk Factors of HELLP
Syndrome in Thai Pregnant Women with Severe Pre-eclampsia. Thai Journal of Obstetrics and
Gynaecology. 2008;16(4):192-8. Thai.

6. Phianpiset R, Boriboonhirunsarn D. Prevalence, Risk Factors, and Pregnancy Outcomes of Early-
onset Severe Preeclampsia among Severe Preeclamptic Women in Siriraj Hospital. Thai Journal
of Obstetrics and Gynaecology. 2017;25(1):26-34. Thai.

7. Haram K, Svendsen E, Abildgaard U. The HELLP syndrome: clinical issues and management. A
Review. BMC Pregnancy Childbirth. 2009;9:8.

8. Cunningham FG, Leveno KJ, Dashe JS, Hoffman BL, Spong CY, Casey BM. Williams Obstetrics. 26th
ed. New York: McGraw Hill; 2022.

9. Petersen EE, Davis NL, Goodman D, Cox S, Mayes N, Johnston E, et al. Vital Signs: Pregnancy-
Related Deaths, United States, 2011-2015, and Strategies for Prevention, 13 States, 2013-2017
[Internet]. 2019 [Cited 2024 Dec 13]. Available from: https://www.cdc.gov/mmwr

10. Elvedi-gasparovi¢ V, Beljan P, Gveri¢ Ahmetasevi¢ S, Schuster S, Skrablin S. What affects the
outcome of severe preeclampsia?. Signa Vitae. 2015. 10(S1);6-12.

11. Khalid F, Mahendraker N, Tonismae T. HELLP Syndrome. StatPearls Publishing; 2023.

12. Judy AE, McCain CL, Lawton ES, Morton CH, Main EK, Druzin ML. Systolic Hypertension,
Preeclampsia-Related Mortality, and Stroke in California. Obstet Gynecol. 2019;133(6):1151-9.

RYFEITHANGNIITUN TN 78 aUuN 1 unsiAu-Hunay 2568



50 ansIaing Uues uazAny

13. Espinoza J, Vidaeff A, Pettker CM, Simhan H. Acog Practice Bulletin Clinical Management
Guidelines for ObstetricianGynecologists. 2020.

14. Melese MF, Badi MB, Aynalem GL. Perinatal outcomes of severe preeclampsia/eclampsia and
associated factors among mothers admitted in Amhara Region referral hospitals, North West
Ethiopia, 2018. BMC Res Notes. 2019;12(1):147.

15. Van Lieshout L, Koek GH, Spaanderman MA, van Runnard Heimel PJ. Placenta derived factors
involved in the pathogenesis of the liver in the syndrome of haemolysis, elevated liver enzymes
and low platelets (HELLP): A review. Pregnancy Hypertens. 2019;18:42-8.

16. Gardikioti A, Venou TM, Gavriilaki E, Vetsiou E, Mavrikou I, Dinas K, Daniilidis A, Vlachaki E.
Molecular Advances in Preeclampsia and HELLP Syndrome. Int J Mol Sci. 2022;23(7):3851.

17. Adorno M, Maher-Griffiths C, Grush Abadie HR. HELLP Syndrome. Crit Care Nurs Clin North Am.
2022;34(3):277-88.

18. O’Brien JM, Barton JR. Controversies with the diagnosis and management of HELLP syndrome.
Clin Obstet Gynecol. 2005;48(2):460-77.

19. Trainapakul C. A Case Report Atypical presentation of HELLP Syndrome. Region 4-5 Medical
Journal. 2559;35(4):283-90. Thai.

20. Tongsong T. Obstetrics. 6th ed. Chaingmai: Department of Obstetrics and Gynecology, Faculty of
Medicine, Chiang Mai University; 2021. Thai.

21. Souissi R, Haddad Z, Trabelsi W, Baffoun N, Boubaker M, Kaddour C, et al. HELLP syndrome:
utility of specific classifications as prognostic tools. Crit Care. 2007;11(Suppl 2):P383.

22. Boonyakiat S. Somchoe P. Panyapinijnugoon C. Nursing Care In High Risk Pregnant Woman.
Bangkok: Sinthana Copy Center; 2022. Thai.

23. Chantanamongkol K. Nursing care for women with comorbidities during pregnancy. 2nd ed.
Pathum Thani: Rangsit University Press; 2017. Thai.

24. The Royal Thai College of Obstetricians and Gynaecologists (Internet). Management of
Hypertension in Pregnant Women. Bangkok: The Royal Thai College of Obstetricians and
Gynaecologists; 2020 [cited 2024 Aug 15]. Available from: https://www.rtcog.or.th/photo/cpg/OB-
63-021.pdf Thai.

25. Trirapongsawat K. Sarin A. Practical guideline for survilance and education in hypertensive
disorder of pregnancy. Journal of Regional Health Promotion Center 7 Khonkaen. 2021;13(2):1-6. Thai.

26. Lertsakornsiri M. Concepts and nursing care for pregnant women with complications. Bangkok:
Chulalongkorn Products; 2022. Thai.

27. Prasitwattanaseree P. Nursing and midwifery: women with risk conditions and complications.
Chiang Mai: Faculty of Nursing, Chiang Mai University; 2022. Thai

28. Suvanich P. Nursing care for parturients with hypertension due to pregnancy. Singburi Hospital
Medical Journal. 2018;27(2):25-38. Thai.

29. Punprasert R. Nursing care for severe pregnancy-induce hypertension : case study. Singburi
Hospital Medical Journal. 2020;29(1):17-27. Thai.

30. Chiaranaithanakij P. Nursing care for postpartum mothers with severe hypertension: a case study.
Vongchavalitkul University Journal. 2020;33(2):12-23. Thai.

Royal Thai Army Medical Journal Vol. 78 No. 1 January-March 2025



51

UNAMUNUIY

24
14 1 o/ 1'% =~ L4 4
m'szmuifmnumanmumauaa’twgqamq
wInua AsarUseia’ uag Asen Seswmidvigna’
'AUIIYANARSEF1Y NIAIBIYIANANT ANZUNNEAARSTIINEIUIATINNEUR uInendewiing

UNAnga
amgduiwiumanduniedenfunisfinuiutusenianeduuarnisgadomiand
o Fadudgmiinuteslunduussrndaeny eugnuesnneilulasogosas 11 81 14 amdenan
p1aneliAnnguennmsiuyusanuagngueIn1sigeety nnenmwanin mMadedin dwalidnisiuiu
y038nNsuotlsmeauarATEvIEnIE weBan eI IAnneduTutunandaiiletion
Wy mMawFsunlasesdussnauresinieendaniouasluiu uazmaBsuulaseosluu uuvnenis
Fadenngduimtuinandnniedesd1edeinuuimanisitiadvaindonnasiaufurosaiay
The European Society for Clinical Nutrition and Metabolism (ESPEN) W& European Association for the
Study of Obesity (EASO) uanensinuamesusudumnanduietiosdmiudaeny unsdnw
wuulallden 16uA nsfudsemuommssmiuniseendidinefivansay Yaguseasdiflefumand e
araudausmondunile uazanUiualuiu ogdlsfnunisnuilagldenddlifinistusedungurgeeng

(%
U ¥

seiu e uiyngamunglunisnuninunenuluraiewiyuvesniizdusiuulanduiiedes laun

a

Al ANNYN KansEnu MTINdELaENIINW

LIYFITUNNINNISUN 2568;78(1):51-62.

lAsuguatiy 3 nsngipu 2567 unlvunadu 20 duips 2568  SUavdaiun 20 duims 2568
AosnsanuITualuiane Asa (3099511 AMLUNNERaNTISINGIUIATINIFUA 4 INeaguina E-mail: sirasarama37@gmail.com
Tel.0816404373

RYFEITHANGNIITUN TN 78 aUuN 1 unsiAu-Hunay 2568



52 nInua AszUsena uag Asan Teanvavana

Literature review

Sarcopenic Obesity in Older Adults

Pornkamol Tiranaprakij M.D.", Sirasa Ruangritchankul M.D."

'Division of Geriatric Medicine, Department of Medicine, Faculty of Medicine, Ramathibodi Hospital,
Mahidol University

Abstract

Sarcopenic obesity is a combination of obesity and loss of skeletal muscle mass. Sarcopenic
obesity is a common problem in the aging population. The prevalence of sarcopenic obesity in
older adults is 11% to 14%. This condition contributes to metabolic and geriatric syndromes,
morbidity, and mortality, resulting in increased hospitalization rates and healthcare expenditures.
The pathophysiology of sarcopenic obesity includes changes in muscle composition and quality,
and hormonal shifts. Sarcopenic obesity is diagnosed by the criteria proposed by the European
Society for Clinical Nutrition and Metabolism (ESPEN) and the European Association for the Study of
Obesity (EASO). The treatment guideline for sarcopenic obesity is non-pharmacological treatment,
such as appropriate diet and exercise to increase muscle mass and strength, and to decrease fat
mass. However, pharmacological treatment has never been approved for older adults. Therefore,
we aimed to update the diverse points of sarcopenic obesity in older persons, including definition,

prevalence, consequences, diagnosis, and management.
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1. unid1 (introduction)

ArduTiuInandaiietion (sarcopenic obesity) unmziinusanfuseninsnsdunas
msgudemandnie 9tinsalnntululssnsgiangitilanuandutiymilddgmeduasisua
AMugnUeIn s mTvInanduiletosluggiengiosay 11-14 uasnuauynfivinTuidieany
1Nty nzdandmdimansznudegunin wu lsamasmiuedn lsavilauasvasaidion amgnmwanm
AMsUTIEU auAmTinugas Simmadetinfidiugetu dagtudvlifuumensitaduamedui
fundnileresiidanu edslsinuluunanuidduumamsitadeandennassiufuresaunay
The European Society for Clinical Nutrition and Metabolism (ESPEN) it&¢ European Association for
the Study of Obesity (EASO) T,mstéTstzusﬁi"mﬁ’uimdwmsamawaqmw‘hmuné’mﬁal,t,auﬂ’muﬁmﬂﬂﬁ
29403AUTZNOUTINIY LmemisﬂmmavmusammmuLuauaammummma dulugJunssnun
wuulalgen ﬂﬁvﬂa‘ulﬂmaﬂﬁiwivmummﬁamumsaaﬂmaamsmmm zay Fanssnwilaglden
galyilasunissusedlunguigeens ‘ﬂafguul,t,mwmﬁﬂmmazmui'gmunamLuauaaummwmﬂwma
wazdilaifamluszdvanna unanudidumsnursdeyanesanmussnmgdusuiumandudetios
gUAnsal wuamnanmsAansesuaznsitade waznsinw Weluussleniluguasnuinngdiusuiy
wanduiletesdniugzenglve
2. A131NAA1Y (definition)

MsinAuYesnzIandLietes (Sarcopenla) MY the European Working Group on
Sarcopema in Older People (EWGSOP)' ERERE miwumiamaamaﬂamLuaiamwmiammﬁuaa
mudausindaniie WaY/130 dussanmuasndnsiile (physical performance)

amzdluggeeny (obesity in older adults) mnefs MsATmesinsazauvedlusiufitaund

NIOUNLAUAIUNG G‘ﬁqﬁﬁmajma%’wﬁawm%ﬁﬂ lagUszifiuannawsiiinaniense body mass index
(BMIY*® wavUSunanesifunveslusiu (body fat percentage)
AzdusiUIandLietes (sarcopenic obesity) #1eds N3 ufUIeINIZEI (obesity) 7ifl
U‘%mmﬂa%ﬁuﬁmaﬂmﬁuﬁqq (high body fat percentage) wazamazananduileties (sarcopenia) i
msqayﬁamamﬁ”mLﬁaéauﬁUﬂ13amaaﬂawmLLs‘ﬁQLméumﬂa”mﬁa WaY/130 AN1TANAIVDIANTIONINNA
dedmansznumanain®

3. 4ayan193zuIAINe" (epidemiology)

Wosnndagiunasianadmiunmsitedunneduhutuinandiotios (sarcopenic obesity)
Tudszmnsgasogliuida é’qﬁ?uﬁﬁamaé’msvmoﬁwmsuaam’gvﬁﬁqLLmﬂﬁhqﬁuiuLLGiavﬂivL‘vm W‘U’jﬁﬂ’l’lllsljﬂ
maam%musamumaﬂamLuauaaiumauﬂwmmwmmwm&Ju'mm’] 60 U Sovaz 11 9 14 waziile
mameummmﬂmaamuuummawumuﬂu PNNTANINUIIFEIRY 75 T NUANUYNAIEa WY
wandniletendeuay 235°

4. wsn%anﬂW%aenﬂazé’auiauﬁumané”mLﬁaﬁaﬂiuﬁjgamq (pathogenesis of sarcopenic obesity
in older adults)

weSanmueInIsinnnzsusmfumanduiletes (sarcopenic obesity) ARINVIAEEYR
wu mMaBsuulasesdusznauesimenindundeuasluifufiduiusfuogfiunniu nsdsuntas
50T TITANTZUILNTRIHAI NS 1970
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4.1 mswﬁ'ﬂuuﬂm@mmwu,a::mﬁﬂsznausuaana"wﬁa (changes in muscle composition
and quality)

31NN1ANYINUIMNGI1Y 50 U uanauiieazanacdesay 1-2 el waziinisiiiuduves
lsuuumLmsﬂmﬂuﬂmmuama INNTLUIUNTT myosteatosis dInaliAIuaINIsalun1sNIIUves
n&uiiieanas uamrmumq‘mmﬂﬂuaamaslwmiaﬂawmﬂammmﬁuwmmﬂm %30 Fast-twitch
(type 1) muscle fiber ?3@Lﬁummaﬁﬁcﬁdﬂwﬂﬁﬂé’mLﬁaﬁﬂ’mmﬁmﬁﬂaﬂmg

4.2 nswWisuuwlasvasiudiv (changes in adipose tissue)

LlIE]EﬂEJlI']ﬂGUUWUﬂ’]ﬁLWiJsUuleENU'iiﬂmbLsUiJusmaﬂNﬁi‘ﬂm@ﬂ'ﬁ@ﬂLﬂ‘U“UENi’Nﬂ’]ﬂ“UH’]@GﬂLLU‘UL'iE]N
LA LNISNAIBEITNITENIEY (inflammatory cytokines) wu IL-6, C-reactive protein ag tumor
necrosis factors’ mmaqums@amaawgauuﬂﬂqmiamasuaamaﬂm:uLuaLLazmazmaﬂmmuauaa

4.3 mswasuulasgasluy (hormonal shift)

p1gfifiuunntuiinisanasessesTuudanisiiivle 3o anabolic hormones wu growth
hormone, insulin-like growth factors 1 W@y testosterone v‘iﬂﬁlﬁmmiqm?{amaﬂﬁmﬁal,l,aﬁmaw
nszvaumsaalsiu. Swdulimadisuressesluulunguifiunisaans wie catabolic hormones iy
cortisol Asmalsiiinsamedmedusiilundanie

4.4 nizmun'mmwmzywéﬁmu (energy metabolism)

miamawaamaﬂﬁmLﬁ@iuﬁaamadamﬂﬁﬁmiamawaaé’m"mmmmmmwé’wuﬁu%m (basal
metabolic rate) LLavmﬂwaﬂmus'gmaai'mﬂ'miul,mau'ma@aﬂ (total energy expendlture) mﬂﬁuaua
wumwaqawammiamawaaamqmﬂmmmmwawuwumuiaaau 1-29n 10U 9 mmmwmu Gumuwiuﬂam
mmaumummsamawmamwmsmemmwaamuwumu mﬂﬂiymumimmanaawa”Lmnmwawu
mumuLLUaagULUulsuuuauamwmu

5. NANTENUVBINNIEEILIILTUNIANAaiatiee (consequences of sarcopenic obesity)
amgduuivmanduiodeslungulssansdaiengdmansenuliifnnisdudulsama
wmuedn' uazngueInsigeey” laun massisuns A amgduain amganugRaunmes
Amzaveaden LLauﬂﬁJLﬁﬁJﬂﬂJiiﬂﬂWWGLUHW'{L“USU?G]U%‘\]’I’JU
uaﬂmﬂumaumuiamumaﬂamLuauaamwammumam’auammw " unsiRLTuYeIEnTT
nsupulsameIuIa AeylaTIng warAaAMTIRTLY wazdwmariiunisifinaisywnaninuazsne
M3deTin® ilewnanlsalanazrasnidon lsannudulafinguaslsavasndenaues

6. MsAANTBILAZNNTITTENIZEIusAULIanA ety (screening and diagnostic approach
for sarcopenic obesity)

PNVORNAITIUAUYBIANAN The European Society for Clinical Nutrition and Metabolism
(ESPEN)’ wag European Association for the Study of Obesity (EASO)" kagwlINIINITAANTDINIA
n&ie91n The Asian Working Group for Sarcopenia (AWGS)" wetunaunsfinnsesaznsIdede
amzdusuiuandaiiotes (sarcopenic obesity) FaununIwg 1+
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A1SANNTDY

®  angdiu: arliurans BMI: body mass index) W3 atduseutel (WC :
9y
waist circumference) Tagutanamiauyesa
® amwmaniuileey: ToyannUseIRUALWUUARNTDY LYW SARC-F

v
o Tasdoslinaaosdosiuny

nN53TsY

-

@

P an o ' < y 2
NMFUITELUUNDNITIUIRY LU9aNL U 2 YUADU A

1. msnuresndunijoats (skeletal muscle function) Taefimsvszifiu
mmu%mawmﬂﬁﬁmﬁa (strength : handgrip) 1BL/13 0ANTTONINUDY
ﬂﬁ}m!ﬁ’a (physical performance) 134 chair stand test

2.  o0sAUsEnauYeesnene (body composition) Tasilsziiiviiumiesay
voelugiu (body fat percentage) $yufumsanasveandwiie

(muscle mass) Tage1feIAI 09191521311 191 BIA W38 DXA scan

v
N o

Tnefesilvantodesiuiy sagldsunsitadendu sarcopenic obesity

ILYTUVBIDINTG

(staging)

N

SEAUYINMIEDAUSINAVNRaNA1UL e YR USTLUAINNANTENUADDINIS

aa 1 <)
VNG BRIRIRINGRLL[R]

a

seeedl 1 (stage 1) : Lilinansznumendiin

szeefl 2 (stage 2) : THANTEMUMIAATN 15U MiAa TsAMIVean
(metabolic  diseases) Tsanalanaznaoaiaoauaz Tsan1aau
o9 (cardiovascular and respiratory diseases) #3oHANTENY

aeanuangnlums1933nlses13u (functional disability)

BHUAINN 1 LEASTUNDUNITANNTBILALNNSINIRYNILDIUSINAULIANAUL LD LD

6.1 N1SANNTBINTIZDIUTIUNUNIANAULLETRY (screening for sarcopenic obesity)
wugilidnsdansesmsluguvuiaslsameiuia lewuzididn1sannsean1IedusIuiuLla
nanuLileties (sarcopenic obesity) A9l

6.1.1 AnNIIN1zdUlULg9918 (screening for obesity in older adults)
Annsoenraulugasengledlifviluianieviodusouninimisenl® nsdnwideyalulne

55

WUINIAANIeIN IS INdMIULa e Ine N gaulawinsUTEEIuEUTEULEIEY I > 80 URWAS

1

WIS > 78 [gualuns'

7
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A9 1 LAALNSINISANNTDIN1ILDIULAEAUTNIANULAZLAUSDULDD

Uszwe/gine Auilaaniy iUTaULD?
Alansu/ms’ IHURLIAT
dmsuitiansnnizdiu dnsvidadunnizaiu
LnaUTIAING > 30 fone > 110, fudla > 105

(international

definition)

GUEOETElY > 30 fne = 110, s = 105
s uAzUWUETN > 25 fane = 90, fwds =80
Uszineilne > 25 f1e 2> 90, fnds = 80
Usinfinmi > 25 o1 > 83, fuda =76
Usznadtu > 25 dune > 85, fuds =90
Useiaiy > 28 funeg = 90, fuds =80

6.1.2 ﬁmnaaqmazmané’wLﬁaﬁaaiuﬁjgaa'\q (screening for sarcopenia in older adults)

n3InvUIRUeY (calf circumference)

AN AWGS 815118 < 30 WwuRilums uazlund < 33 wuilues uansdannandeddunsiin
amzananduiotes’ Yszmnslnefinnsuiuinasidansostasdiianudssienininnnzung
ndunilotion inasflufe < 35 wufes uaslufnds < 3¢ wufiuns®

WUUARNTDN (validated questionnaires)

wuudnnsasdmsumsUssdiunmzanandnilotios 1A SARCF inauwinmznandundetios
SARC-F score > 4 aguuu’’

6.2 M53daseuazdinisusziiiun1izdusauiuuanduiladios (diagnosis andmethod of
measurement for sarcopenic obesity)

Mé’w’mz}’ﬂaEJﬁmﬂiaamwé’auuazmwmaﬂé’mLﬁaﬁaaLLazLeﬁ’ﬁmmsﬁmwﬁ’a 6.1.1 uaz 6.1.2
fuavagldfunisUssiiudensifiadunmednsmtunanduniotes midadunnediudniuaa
nduiletosudady 2 du ldunnsussdiunsiauesndiuiioans (skeletal muscle function)
LaznsUsEiiuesdUsynousnanie (body composition) Inadesdivaasedusynouisauiu faueand
WAUANA 19 uazas1ed 2%

6.2.1 N15UsEEIUN1SINUYBINATULIBaNY (skeletal muscle function)
Ipgausndentelateunii serinenisUszluAmLUISNISwaINALteaNs wsonsUIERUALTIONN
99519018 UINNNUTIUDATNEY D oINTANURAUNRYDINITYINUNAULITLeaNe fen1sIen 2>
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A15199 2 N5INATENMITDIUTWAULNaNaUL et

e =l T
myin GEORAD) inousin1satade
Y18 VT

= o 2 J -
ATTUTELEIUNTTVNIUYRIna3Laa18 (skeletal muscle function)

ANnuLdaus 590uUfle (handgrip strength) (Alan3u) 28 18
W &

natle

aussonmomame | anudalumsiiuuszaznig 6 wes 1.0 1.0

(6-meter usual gait speed) (WAT/AUT)

nsantia 5 A1 (Guail) 12 12

{5-times sit to stand test)

N15Usz1EU short physical 9 9

performance battery (SPPB) (AzLLuu)

n1sUszifluasdusznauinanie (body composition)

i J
@naniie Dual energy X-ray absorptiometry: 7 54

(DXA scan) (Alanfu/iumns®

Bioelectrical impedance (BIA) 7 57
waluiiu USnnfasazvailysiy

inusleLEvigawim > 30 % > 40 %

inousfuszmadiyu > 20 % > 30 %

InausiauUszINANINE > 27 % > 38 %

6.2.1.1 MsUsziiuanuudussvasnanuiioans’
ussUudle (Hand-grip strength)
& aa aY vo a a a I3 1% & =
Juasnisilasuanuiouunniignlunisussidiunnuudausaveanduieaisiiosnin
MladregUagndussduiienaduiusiuanuaiunsalunisiedoulmiwaznsinfainsusedniuanas
N A a Y A a a ay vo a " Y A
ussfuilouszifiulneldipSasiio Handheld dynameter 4 2 yiaflasuanufeu laun wissvinusetuile
Wilnau3e (Smedley) Ml Tatuvingu Wndaauvugn Tuinsuwwanies Tneiiasedowaioanussdu
nile uazvilalanseda Jamar) ninluinlslaglvigiesedenean 90 aemudioanuselu lnensaedisiv
9 ~ v & v A Ql' ¢ v a v Y a a o a N A Ao
ANLINUUBYUBY 2 A LLaﬂsUmmnﬂij Imammwﬁma < 28 Alansu WAEYS < 18 Alansu dussuiionen
6.2.1.2 N135ULUAUNITANINYDITI9NTE (physical performance)™
Tnedonyidalatants
N13an1a 5 Ae (5-times sit to stand test)
AUrgisHINYIdenenentadlignaniind naunts udiandudiulval videiiiasiuau
AU 5 AT wazN13dunan lnswuzduinaniindnig lulide Tudnwinuy inasinisusediudi > 12 3wl
NUEDIANTIANINVDITNNTANAS

RYFEITHANGNIITUN TN 78 aUuN 1 unsiAu-Hunay 2568



58 nInua AszUsena uag Asan Teanvavana

WUITEE 6 LIAT (6-meter walk for gait speed)

fhoduseiosfuduszerna 6 wms Meonnuwesaiuunivesithelagliiiheausoarh
T¥gunsalvaeiiu (sait aids) lemauund Tnsinasidade < 1.0 m/s mnefanssnnInyedasnanien
uiiFoasziingz ansudanaluggeengiiinsdonidouriodoasinnidey deeramuuniulugzseny
fd1u flervsumumsulanamsedulddrasmindalse

N13UsELIU short physical performance battery (SPPB)

n15UszLIU short physical performance battery Lﬁuﬂwﬁmmagnuﬁ%’ﬁgﬁumuiﬁau,awmmj
URUR Insuvsmsineandu 3 @ fe 1.) nsiaanuaiunsalunmssds (balance test) A n1sEuin
Fafu Guvimdeniueimils (semi tandem) uagBuwingoru (tandem) 2) Msianaifu 4 wasuan
Fudnnsifu 3) myinnisan-ds 5 ads Tneinauridafe < 9 Azl et aussan eI INEs
fasengiidinaminsussifiuanuudusiondnuile uas/vienusiUssliuaussanmndnuile
oglaegmils JaagldunisuseiiuesAuszneuuesnanie

6.2.2 N5UszIliuaeAUIZNaUYB9319M1Y (body composition)*®

nsUszifiunsdusznevuetsane inisdseiuianandiuiediunaunn (appendicular
skeletal muscle mass: ASMI) wazUsinadlasilusnane fosUsaifiunasdinasivaosegrdaeiiisnis
Uszdfiuaniedesile Dual-energy X-ray Absorptiometry (DXA scan) %#3© Bioelectrical Impedance
Analysis (BIA) flannsnadl 2> usegnalsfmulagiudmiudgeenglnedshifinasidmiunsidadenns
Frufitaiay
7. ms¥nwaizdausufuinanguiiodes (treatment for sarcopenic obesity)

nsSnamusutuandaiiedesiiddyfonsnulaglilder (non-pharmacolosical
treatment) léuA oonfdsmeuazanglarunmsfimvingay i’mqﬂizmﬁtﬁaLﬁ'umaﬂé’ﬁmﬂf@ AL
wswasnduiile waniieliAanasundinusofuduay (nesative enersy balance) dswaliany3unas
lusiu tagtudslsifiouazmsrdaildfunisiusesuasideyansinurinmnzauiunsinwaie s
Safunanduieteslundugaony esmndesialunsfinyuasradnades

nssnenlnelilden (non-pharmacological treatment)

AMulavuIN1s (nutritional intervention)

nssuUsEMUOIMINGNUey (hypocaloric diet) fiusgansninlunisandsunalusiu wsena
WliAansanaweunandniesiusewuiy ImaLawwaﬂwqﬁqiuéﬂaﬂﬁﬁﬂﬁazmaaﬂﬁwuLﬁaﬂaa ety
wuzthlRanndseusmisaeuasliiiu 500-750 AlauaasdseTuainndsuemsneiuinislasu
Wioantnin 0.5-1 Alanuseduannt wseUssanadosas 8-10 vaswhnindalugag 6 Wou niefiansan
anndauemnsietuas nasuainanasiuas 200 AlauAas’ warUSuTUALAILILNEEL?

Umnalusuifisamedeiulunguigeeny fo 1-1.2 nfuseAlansuvesimingdeu ioas
anmanandanide anuannsalunsvihauresndnie selanmnsadinlusiuligedu 1.2-1.5 ndu
senlanduvosimtndase uld &liilsalnese

nselusius sy 828U (leucine) (2-2.5 nfusetu) anunsatienisasdusiundiie

uraBeunazInTuAnsaiuluggiengivininiui22 wudeaiuteyanin American Academy
of Geriatrics 57891UARSIHINTUR (vitamin D2 or D3) 1,000 IU SafuupaiBesludihegeoiefiiinng
WI0INAUR InasnensEAUInIdUANINAIT 30 ng/ml
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N1599NANAINY (exercise)

nseenfdineviauelsdn (aerobic exercise) Treliszuuilanas nasmdenineui iy
UsinallaTnmeusse msvinauweseulyl wazaussonmnnsinauwesndanile vasifioafudioanniy
?TaﬁusgéuuazﬂszmumiﬁmmLﬁmmsamwauﬁaﬁahﬂu Ingasrniseundielaniugiiniseeniidanig
siauelsdafiiauussssiuUunansegnetion 150 wniisedunnnt vsermuusesssuvtinegnstos 75 wndl
sodun9i Tnesogamssantdsnenuuuelslinfuusiluggeogie oontdsdailldndandetalmg
iy s e viemsdudnseiu ludgsengiilidderurielsnyszsdh

nseenidievinfiuanuudusndiuie (resistance exercise) unsoenidaittieiiui
AL ausILazanand e éfm%’uﬁmmaﬁﬁﬂnuéﬁui”mﬁ’umaﬂﬁmﬁaﬂaa LLuuﬁwmsaaﬂﬁwa‘”ﬂﬂw
smm progressive resistance training faviay 2 ﬂ'ﬁﬂ duauwlumﬂu) aaﬂma\‘imﬁ 8-12 ﬂﬁx‘i IWEJLimu
71 50% w84 repetition maximum (RM) wazndsaneanidneetssoiios Seroaiutudy 65-70%
989 RM aua1nu® lag 1 RM vimaaqumuﬂquwmmsasmléﬂwmmq

N1509NANNINEUUUNENNEU ﬁgqgﬂl,wumiaaﬂﬁwé’amajLLUULL@Iﬁﬁﬂ'ﬁ'wﬁUﬂ'ﬁaaﬂﬁwé’qLﬁaLﬁu
ﬂmuLL%QLL’NGUmﬂéJWLﬁEJ (combined both resistance and aerobic exercise) ﬁﬂizﬁw%ﬂ’lwﬁaﬁamﬂﬁm
wandunilenazanuansolunisinureindmiideans uenainivaglunisaaneanalytuuinninns
sonidanefissrdalayianie

8. una3u (conclusion)

Azdusufuandiletes (sarcopenic obesity) LﬂuﬁmmmmwﬁﬁﬁmLLawwummﬁu
iuﬂaumaﬂaﬁa WeBanMwRIn TSI AUInand ey laun mnﬂaauuﬂammmwLLauaﬂﬂ‘UiuﬂaU
sUENﬂa'TlILuaLLa”VLSUQJUGnlI@’]EJWlﬂﬂSUU m'ﬁl:daEJuLLiJaqsuaﬂaa%‘iuuua”msauuaaaiv ﬂ'ﬁL‘LJﬁEJULL‘UﬁQﬂﬁ”‘U'JU
N1IONLEU Lﬂmﬁmmiﬂ@ﬂiaflLLawmmu%aam’Jumummﬂumaﬂmmuauaﬂugqmﬂq Ten13Useiiiunig
A529M159UYeINdEe TundvesruudussweanduionarnsUseliuaussan meessneniey
sufumsUszdivesAdsznouvassamerananduileuazUsinalatiu nshuanedusuiuina
ndundletiosluffgeongiunmssmvuuulldoldnn mslilasunsedramnzausuiumsseaniidame
WUUNALNEIU ARN1TRRnnIdInteuliaLelilna (aerobic exercise) SAUAUNITODNAANRIN1BTTAFI 1
snandnunile (resistance exercise) vedilutlagtiunisnunmeususvinandundetioslaenislien
ET@lﬁ,Jﬁﬁﬁmﬂamamsﬁﬂmﬁ%mLam
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unAuALAY]

udnnsiugulunmsuszifiusesTsa Wosennszgnainniw
5983me1 (FUNDAMENTAL CONCEPT IN THE RADIOLOGICAL
EVALUATION OF BONE TUMORS)

fann F[evUATIEN
NoeedAnsTH Tsemenuanseanginauag MAYSIEIMe1 MeGuuNEmanINIEINNa1

uni (Introduction)
° & s o = & a
nsTunUssvvediiesennszgnaiuesAniseusislan (WHO) Benseunauiiiesannszan viin
719 9 131 60 il dn1suiauenisIkunAivainvaevdluduneneTIngwaraenasgnsean’
fauinlutagdu amemsfauinalulaglunisnsiaitadelsaniensegnuazde aruisaldaimain
A e a & v A < A ] v 5
mauudwaninilunisyssidiuanusuusswesseslsaiissannsegnlaluegsfuasiduiiunsvanoue
winuddgresnsidnnenisd SiadianudiAgeginivaiunsansidiiaduladausviaeglingg
ShwseAuUgugil deduilevnvesunaaiuiyn i azidunnisudananimeneise lagaduusnaznain
wannsiugiunaAglunsimseiseslsalunsegnainnimenaisd wazdiufiaeadunisuiananin
ense fegruaadlielsaliiatennszgn Fulevinnsuseliiueg19gnAewILTURBULAY A1HN50YINNTS
Fadele wiselinidaduusnlsalasgaiulamunannisviessdine

LIVAISUNNENNITUN 2568;78(1):63-72.
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wdnnrsiugrulunisussifiuiiiasannszgnainaimied® (Fundamental concept in
the radiological evaluation of bone Tumors)

1. %’;UGIQUﬂ’]iiJizLﬁuﬂ’a’m'a;ul,lﬁﬂ‘da\ﬁaﬂiiﬂ (Aggressiveness evaluation) Fadunisuszdumudisu
nanglueeniiniguen (Inside out) Usenausme

1.1 sUuuumMsyanensean (Pattern of bone destruction)

1.2 mim3sJuLLﬂaﬂ/mivTﬂmsms@ﬂ%u’uuaﬂ (Cortical change/destruction)

1.3 MIneuaussueaievunszan (Periosteal reaction)

1.4 ﬁamﬁaLﬁaéauﬁﬁuaaﬂmmﬂuaﬂﬂiz@ﬂ (Soft tissue mass)

2. fumsumsinszimauvnuasise ndnunzianzusUsznisvaaiiotennszgn (Characterization
of bone tumor) FsUsznousy

2.1 MmaAsuudadasiaiadulssumvasnssgnianislulazmeusnanseslsavaiiosen
nszan (Internal/External Trabeculation)

2.2 ¥iiavosansiiadraainwadidosennszgniiusnguuninisd (Visible Tumor Matrix)
wazihdeyadildsuluiinevisiuiuoguesiinsuaziumisesseslsa letnlugnisitdadousnlsa
(Differential diagnosis) wazmsIdaseviensidasutudy (Provisional diagnosis) faly

Iu%umaul,lﬁﬂ L'%Im’mmﬁmﬁﬂizLﬁummwmwaﬂiaﬁﬂﬁﬂ (Aggressiveness evaluation)

74 4 sumou Tnesuanmeluseninnisuen awansavenldiseslsadnaniidnumzeusuussos
vieunnifiedla nedidfutureunsusadiudel

1. sduuunsvitanensean (Pattern of bone destruction)

amienaisdnszgn lidesdmnsllumsnnanumshanenszgniduinatios uasanindesd
mMahanevesnszgnUnAlULdUszaNa) 30% fa 500%° Fsazanunsaszyuina ATnshanevesnszgn
lpannamenaisd lngguwuunsvinanensegn (Pattern of bone destruction) #11n15WUI8s Modified
Lodwick-Madewell Grading System anansauuseantalluy

E
32UUN1TIRFUIUUNTTINANeNnTzAnUasilasan A1u Modified Lodwick-Madewell Grading system®

o o = . o &
3gAU (Grade) A185u1e (Description) AMUAALAL (Comment)
| am | a = w = 4 & = ) o v & 4
1A nqufifiseelsavuialveg dveuwta mundauy il saglsafioidulat eeunfdmduiiosan
drlsznavvaeadaunenli (Well-defined flaifreusa

geographic osteolytic lesion with sclerotic rim)

1B nguiifiseslspuualvg fvouwndnau wiliflveuuds | dalngseslsadnaziloseniilifeuss il
(Well-defined geographic osteolytic lesion with a nmsifladsuenlsn 919TIuiamIULNsNIEIEYal
. . N & = 2 oA =
sharp margin without sclerotic rim) ;JzL":‘d'lUwﬂ‘szﬂn LazUzLILUASAUT)
wiinlzalain
e ' v orar . ' ' 5 '
2 nquiifiseslsarualve fvauiwslidaau (Geographic mmamﬂmmﬂmﬁaamﬁlﬁwLL‘N LAluns
. - - - . . . aa W o [
osteolytic lesion with partial or circurnferential il- | 3fladsuanlsa Arsfisantaanuduldla
. @
defined margins) SCRHEIRR60
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k'
TTUUNTAAFURUUNITINANENT2QnUaaiindan Ay Modified Lodwick-Madewell Grading system®

33AU (Grade) A1esune (Description) AMAALIAY (Comment)

3A mMaasundatanizitvasouseslsn mswdsundas | mewaundananizd visn1sdeuwdaudla

] : . = a @ & v ) oy ' = = & a ]

sUuuurautesseslsa viomafinsesiluBevunszgn | vaniuly Yrenfannsiintuvesfanssumis

moluiiunduSes § anmsasrafamunmanesid Faam uazasiiuanuasdylunsiladonzds
L . R . o

longLsgfoLilad (Focal change in margin, changing NIzHNUINTY

rmargination, or progressive endosteal scalloping

on serial radiographs)

o T
Sisiowo 1 =

& o P & )
3B s08lSATUIANALAZ VU ALENHEAL AL ﬁgﬂtﬂll LlWIQﬂ ?J'?.I‘L!"Ifr?lL’ﬂf’l‘ﬂNﬂﬂﬂ?uﬂﬂsxﬂ’]ﬁluﬁxﬂ‘i:ﬂﬂﬁ’lﬂfﬂu
o = 1
uuananzuaz saglsnvuindnaziben NIzgnN WAz3Lan ¢ Miangy 1Uﬂ33%ﬂ%~]ﬂ€]€|‘] 17

(Moth-eaten and permeative patterns of osteolysis) | meluanuinuiiianung luguinaiiung

3C sealsafins2anulagnnannamensisd NaNTIATINITAEIeUnfvsaliauUn®
. . 2 aa w4
(Radiographically occult) 70 aTa'ﬂ“Lum':@n%mu lalunsasmitedsiu

' 1 -
qawu ﬂﬂﬂﬁ]’]ﬂﬂﬁuLL&JLﬁﬂﬂl‘Nﬁ? MRI San1s

fhgamsdaineynialndnseu (PET)

2. mmJﬁ'auuﬂawaaniz@n%’guuan (Cortical Changes)

nszgnduuen (Cortex) vasnsEgnIzensduruLazyIiiamuIfigaiiviinunasnszgn
(Diaphysis) LazazAne ) maaaLﬁalﬂﬁw'%nmdauﬂmasumﬂiz@ﬂ (Metaphysis kae Epiphysis) lalfinsggn
%u’uuaﬂﬁu'%nmﬁﬁaﬁﬂﬂﬂqué’aaﬂszaﬂéau (Articular cartilage) msmqawaqﬂis@ﬂ%uuaﬂQWﬂﬂwaiu
(Endosteal cortical thinning) Msunsasananeluanafidnunedudunss (Linear) viogunsedunseinde:
(Half-moon) n1surauuutdundu (Lobular thinning) ﬁﬂwuﬁu'%nmﬂmqmz@ﬂ (Diaphysis) 138171
nsnadienszgntuuenanneluiliidnuusdunduadioin viewdenvoswad (Endosteal
scalloping) @slunsdififinisnaiionszgniunenainaneludnasluinnnd 2/3 veserumunvasnsegn
fuuenaziFunit Deep endosteal scalloping’ #sfoiduniisludnunrseslsaiidaruuus afnmuly
lsauziSanseeneeuviinnaulagsiaun (Chondrosarcoma)

n1svhanenszgntuuen (Cortical bone destruction) annnmaneLssligaiureiioswes
GuAvresnszgniuuen (Cortical white line) Tun1asUn azdesiifvntaiiane

nsasenszanduueniul (Neocortex) vunelsnszanduuoniu gnunuiidenssgnduuenil
wu msTtkmesepnuasnszgniuuen (Ballooned cortex) nmsiiisoslsnuiswineg ety
3. Periosteal Reaction (M3nevsuasvasdaunsign)

é’ﬂwmwawﬁﬁ%mL?J'aﬁ:msz@ﬂﬁLf“ﬁ'msﬂ’aﬂﬁ’*uLﬁaaaﬂﬁuagﬁﬁ%mmazﬁ&’mnmﬁuaqmia%’wq
LLamﬂummmi’?ﬂmmgmmLLazswznawaqmzmumsmqwm%’%mmﬁLﬁﬂﬁu Uﬁﬁ%mmd’]ﬁlﬁ
gnedueliidueguilag Ragsdale’ uazaniz uazansauseenidulsziandeiilos (Continuous),
Y1n%9(Interrupted), kagdudoau (Complex) ﬁ’m%’umimimauauawaqL?J'aﬁ:msz@ml,uwial,ﬁaq
(Continuous periosteal reaction) Lﬂuﬂﬁﬁ%mmsa%ﬁmszaﬂmiLﬁ'?i'auﬁumzaﬂ%ﬂuuaﬂﬁﬁaq&uuw
saniios lasorafiudumanuniiuvesnssgnduuen Fafuieatesiunszuaumsiilaisuuss (ndolent,
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benign processes) M3asnszgnivakuusioidies iiRanssumsdinmunndufonisadrensegnlml
Fue7 (Single lamella of new bone formation) @sinidunsrurunisdila suusuruiu UjAzen
Horfunszgnadindannsanuldlunszuiunissing 4 Wu nssgndniauiinie (Osteomyelitis) v
157 Langerhans cell histiocytoma Tumsma‘uauawmL?J'aﬁ;’msz@ﬂﬁqw,mmﬂ%{u Wi n1sasansegn
Tyivianedu (Multilamellated new bone formation) w¥en1smevaussvandorfunsrgnuuunansty
AANEINEN (Onion skin periosteal reaction) ‘?g\‘iLﬁﬂﬁ]’]ﬂﬁm'ﬁﬂi%é]:umSLR]%EIJL@UIWU@QL?j@ﬁuﬂizﬂﬂ‘g’l"’]
waznIasensEgn sl uuduAdevUIL (Aggressive spiculated new bone formation) Faduaadides
asdoifeiulsaFanszgn uaziunafudunsnevaussweuderunszgniiviatas (nterrupted) n3e
Fudiou (Complex) NnUszlan fegrsnsnevausiveudevunssgniivinasvianis fAesldsuns
nandaduiiay fe uwwuflentuduyuaumdsuveseoauy (Codman angle)® @1 Ernest Codman

&z

I¢osunednunziiduatusnlula a 1926 Iufunaisuameaderunsegniifisusaniiounsuds
(Trumnpet shape) Fedeusousuuureniiosen dunmenssdasiuduiiufiamasd L?J'aﬁmw@ﬂ
sniatuannisiiseslsalunszgniuseniuanmednululugdnuuen Sadudyanamesnmsviiaensegn
g umazsuusslulsauiSansegn danulsvesluuziSenszgnadn Usugll (Primary bone tumor)
yiinooanlownslaun (Osteosarcoma)

\\\x
s

r g\

i

;:|

|

[
S
“TIT

Al 1 uziSeanszgnaiineeaiilonslaun wanamsneuausweadovnszgn (periosteal reaction)
¥iin Codman triangle mw%nmﬁQﬂm%iumwé’m%”m fanvazaanensuda(Trumpet shape) nMweu
121 Tngegmilevuinavesseslsndl Metaphysis ¥99n3zgn Distal femur feANLBYLATIERNINIINTIAS]
n1saeusidEIngINTEanLazde (MSK Radiology) 310 NA.UN.USUNE Nugiia uay ua.ngy.550uv
|nIseEnia Mg SiEImmeNszanuazte MATYTIEINGT ANTUNNEMERS I INeFeaaIUATUNS
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4. f’]’au‘uaaLﬁaL?iadaumnma’lunsz@nﬁ?‘iuaanmagmauanns::@n (Soft tissue mass)

m'swusuaaﬁaulﬁaL?iaa'aumﬂmaiuﬂiz@ﬂaaﬂmagjmauaﬂﬂiz@ﬂ sonuluiledieseu 4 frades
fnnuifadastuseslaafidauguuss wu usdansggn uenanidmuldlunisindonszgn
(Osteomyelitis) fananunssnauveaiaiieseu 4 wiaiuues vildnmenusdiidnvaradefouls
msLLsJﬂizm"mmmqsuaqf’w’aumﬂml,%w‘%amsé’mauam%a Vle1nANANLENTLIE N0 19LAEN
9719004 U T IRLaZNITNTINTINIBUITIUAIITUINIY

dmiunsuseliunnuTuLsvesseslsa (Aggressiveness evaluation) audduT 4 Tafinan
uud 1A sunuunMsihanensggn (Pattern of bone destruction) MaUAgunUay/mevhatenszgn
%y’uuaﬂ (Cortical change/destruction) msmauauawaalﬁaﬁumz@ﬂ (Periosteal reaction) wagNouvBs
iesenitooninegnisuennszgn (Soft tissue mass) didslavhtonisgnineglunduiiinaguuss
iﬁﬁa’i’lLﬁuiasﬂsﬂﬁﬁmmqmlﬁﬂ (Aggressive bone lesion)

¥

Tumor Matrix (81591g3199nwadLlasennszaN)

1Y

ansfiasnnnwadiilesannszgn (Tumor Matrix) uesAussnaudAgyiignuaioenunainieas

v Y

dosenuarazanegmeluwadiilosen fediunumardylumsvenefuasnsgnatuvesiiosennseg
asandlifieunduddsenevlulasadaganiaveniosen uidsdivinadenisvhauveaead
Tagsov saudansedunsaiyivlnuagnisunsnizaisdndae arsfiadsanwadidesannszgn
(Tumor matrix) Ssaunsansranuldannmvedsdimenanansouuslandu 3 naulvae Téun

1. ansfia¥raseninadieiiionszgn (Osseous Matrix) Tnsandeiwadiiendn Osteoblast G
wihilun1sa$1s Osteoid matrix vilviseslsaiidnwaurduniiumiiouands (vory-like) viodv1ndung
919ndefeumel (Cloud-like) BafnaziiiuldAfigalunzidinszgnuiinesaiilowislaun (Conventional
osteosarcoma) uagsanunsawiulélu esennsegnudineeaiilouaalnun (Osteoblastoma) waziiioson
nszgnuinesaiilesn (Osteoma) uenanidsdl iiosenlunguadiiimununain Fibroblast Faududau
d1Agylun1583519 Woven bone/ Fibrous bone/ Metaplastic Fufloduilosenazndnansidon Fibrous
Matrix Tneansfiduanslunga Osseous matrix Wuiienfudsdidnuuzdifiussdtosndt Osteoid Matrix
Tunmssdastuadenszaniiiuth vieuduih (Ground glass matrix) Ganulglulsa Fibrous Dysplasia

2. ansfiarseeninAdunszneeu (Cartilaginous Matrix) Tuszmitsnsadnanszgnund wsunng
WinAulavainszgneeu(Cartilaginous physis) agiianisasensegnuuuidulnmeunsea (Endochondral
ossification) Wefliwaditiosenuesnszgneeu Cartilage tumor Lissenazasuansiieanunadnenssgneou
Tnenszuunmsuuuidulareusseailiifusueu SwzdsmaliAnguuuumsaiansegneouiilsifuszido
ﬁﬂlﬂgjg‘dLLUUﬁuaamiﬁa%qaaﬂmﬁﬁﬂwmsLﬁ“fJuNLLmuLLaxdauIﬁﬂ (Ring and arc pattern) U3IuMnIs
assfinunfidugauunaian Bandn Stipples Usnaiifivunalnguazsiuiuazdenia Floccules

3. msfiadueenunanadieseniidonanin viefinsmeveasad (Dystrophic Matrix) u
wanaNnsavauisnluiadefiuindu douanmvdelimsmeveusad shwmulumadluiu (Fat) vide
wadvetedaiReamu (Connective tissue) Snwarfidhunduuvieuduiidauiiugad (Patchy area
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of increased opacity) uuvaiagaludiu wu ietenvetludulunsean (Intraosseous lipoma) %150
Y9UBI5081IAIINNTVINLGEAVEINTEAN (Osteonecrotic area)

91gvasUIsuazAuvsvassaglsaluvanszan (Patient age and lesion location)
mMyiesesiveuavessenlsa (Analysis of lesion margin) wayMsROUAUBIYBIRRIATEYN
(Periosteal reaction) Felanunsausziiufanssuymatinld ieannsnssyansiiadenuadidesen
nargn (Tumor matrix) fayanunsnssynduvediosenanammeme sine1fiamenzadld engues
Alreuasiunisvasseslsadutadedidglunsitade Lﬁaamﬂﬁaﬂaﬂmz@ﬂmwﬁm 1ANUYNVDS
lsALANF9iuA1NYI9018 (Specific age groups) WAEAWMLITDITOEITANIULLIEIILAZLUIVINNYEY
n3zgn Feseslsavansvinaziinszeimudnvaziumidunszaniideutrslidnuazians’ Jaanunse

]

seylanghaeiielunszgniiiinanuend (Long bone) Wu NEANUIUYETEY

AW 2 wae3 LLame‘hLmu'aLﬁaqaﬂuazwm%amwsuaqﬂszaﬂ (Bone tumor) Aimutagmasiums
(Location) Ansinszgnuing (Long bone) lunguithefiengiiosnin 30 U uazengunnnin 30 U

uaﬂmﬂﬁmmﬁaﬁ%mﬁwaﬁaaiiﬂluﬂ'iz@ﬂmml,mmw (Location in transverse plane) A
Ustlovd lunsitiadeusnisald Tnsamnsauudldiiu 1.seslsnfloguinmnsegniuuen (Cortical lesion)
WU L‘ﬁa\i@ﬂﬂﬁ%@ﬂ%ﬁﬂ Osteoid osteoma 2.508l3ATIoEfNLFNTAvOULBNYBINTEAN (Eccentric location)
Y L‘ﬁaaaﬂﬂﬁzaﬂ%ﬁm Non ossifying fiboroma (NOF) 3.':?@aiiﬂﬁaEUJ'U'%nmmﬂﬂmwamw@ﬂ (Central
location) i uziSanszanviinesaiiles1slaun (Conventional Osteosarcoma) {uv

Qe

TunaudelUitayanlasunmuamnTiusiednlugnsiiadusenlse v3e n133tiadelsa
nsnlladeyanidfaieanes dafiegnnsusediuseslsailiasennssgnainnmsading
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728819015U52LUSa815AUBIaNN5LANIINAINSIE INE

Wndvieeny 9 U §91n15Uanviuasigndennniu 2 Weu neunilsameIuna AsaanImentsy
WeAU AP U Lateral WUAINM

&

AMA 4 anenIEIAIUEIY AP uay Lateral view vaagUieeny 9 U

f8g19nN159UBaTLUANALINYLSE

1. Gﬂzum@umiﬂizLﬁUﬂ’J’]MEULLN“UENiEJEJIiﬂ (Agsressiveness evaluation) Fadunsuseidumudduann
aulusonunsuuen Wy Left Knee AP, Lateral Radiograph Usznaumas

1.1 uuumsyinanensegn (Pattern of bone destruction) mqﬁu%nm@]ﬂm%%wgﬂqumi
ﬁﬂa’lﬂﬂizamwu Ill-defined geographic osteolytic lesion and moth-eaten osteolytic lesion f‘ﬁ'magj
lun1sviatensEansEau 2 Wag 38 11U Modified Lodwick-Madewell Grading system fusin
Metaphysis 984 Left Proximal tibia n15Usziiiugduuunisinanenszgnlidnmuqaiiguussiign
(Most aggressive bone destruction area)Iuﬁﬂasiwﬁﬁdﬂmim’nﬂu 3B m14 Modified Lodwick-
Madewell Grading system

1.2 ﬂ’]iLU§HULLUaﬂ/ﬂ13ﬁWaW8ﬂi%@ﬂ%uuaﬂ (Cortical change/destruction) wu Cortical destruc-
tion YaLauyNAY Heasumth fhumds dly uasduuen

1.3 mimauauawmﬁaﬁmsz@ﬂ (Periosteal reaction) ﬁmimauauau?jaﬁumzaﬂLLUUGUWWU'N
(Interrupted) wangwiialain Codman triangle, Spiculate, Sunburst and Sunray

1.4 ﬁ’auﬁmamﬁaanmasﬂjmauaﬂmz@ﬂ (Soft tissue mass) AMNANLBNBLITNULNVOINBU
LﬁaLﬁaéauLLazﬁmiﬂéﬁsm‘f@ms@ﬂ (Osseous matrix) ?juaaﬂmmauaﬂﬂiz@ﬂminwu%Lﬁ]umqéﬁwﬁﬂ
(Anterior) Anuuean (Lateral) WaN199MUNAY (Posterior)
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2. fumeumsliaszvmanvnvesseslsndssznoude

2.1 Mmadsuudadaseiadulohaueansegnianiglusagnisuen (nternal/External Tra-
beculation) lifaeUssidliu Internal/ External trabeculation 114;3‘1]383’18% ilesanguiuumsiians
nsgANLUU Ill-defined geographic osteolytic lesion wag Moth eaten osteolytic lesion
(msUszdiulushdeilfiameiu Well-defined geographic osteolytic lesion)

2.2 asfiadrsnmadiiesannssgn (Tumor Matrix) luftheseiiadsansiiadeenuindreie
nazgn (Osseous Matrix) ¥l Osteoid Matrix Sfiduidvnitundiends (vory-like) wazngudu
21499 AN (Cloud-like)

Tumpugarinuasudayauaziinazidaya

foyarnammenasdiioriissmiuieyanty Wulthedinery 9 9 Jvaguléindu iesen
voansrgniifianuguusimunsUssidiuasuii 4 Fade vt daufuvesnssgnuansn (Proximal me-
taphysis of tibia) FsdBuazwUasTiannLadidasennszgn (Visible tumor matrix) f¥nwausdn
I¢fuansadeiilonszgnutin Osteoid matrix vhlvseslsafidnuarunsdiuddnuueduniiu wiloundis
(vory-like) W3edvudunguarsadneioums (Cloud-like) wazthieyaillésuluiinsgiisamivengues
fhouasiuisuesseslsn meldadelsadusiuninnimenuiss (Provisional Diagnosis) 3efindaifiu
uzifanszgnuiinesaiilewislaun (Osteosarcoma) fidrudureanszgnuaisan (Proximal metaphysis
of tibia) 1nnflan wazkdswanisitadelsaduduanamienessi evnlugnsruaunissnugaeliun
fuunmdeaslsUanditeliiluteyalunmsfiansansnwiihesoly

d3U (Summary)
] aa o v P o o v a Y & ad
nsdansinliademeninenasdlugiienilymasdenesuuinunszgn galdiduisusnluns
n399319dy (1" modality) #93INN150539519Me Aelunmienaisdveuilesennszgn Nlasunisuseiiu
96190 NABINUNANIYINTT Ineni1sUseiiiuaduguuswedtlsa 4 idelaun 1.3Ukuun1siatensegn
(Pattern of bone destruction) 2.nsiaguLUawisensianensegntuuen (Cortical change/destruction)
3.N3RaUALaIBNERYINTEAN (Periosteal reaction) 4. 1ilaidegeuigusanliuennszgn (Soft tissue mass)
FuiumsUssdiudnuaiiawanizuusensveilosennssgnlaun 1.mMsfsuiuasEinuaseddus 1w
aelunsean (Trabecula) war 2.a157ilesennszanasUuINUsINguumenaisd (Visible Tumor
. (% g.J/ v 5 = o [ aa o . . . . =
matrix) ¥§aINTUTIUTIMTeYaTivae Wieihinaglitunsiladeuenlsa (Differential diagnosis) %38
mifiadelsatusiu (Provisional diagnosis) 1N nssdinents uagltiduteyandnuseneaulunisifiade
[ & v Y 1 a
wazaTasnulsailesennsean lugUaelmdueeed

AnAnssuUIENA

TmidvenansnuvouAmog1gatIse frimans19138 weunnguslung vugiia uas
e ans19138 unnendessiiu wiSeznua Aduiussiunalauszuuvesisesenansdiilendne
AR arALg AvuesyhulunstenesvauitaeliidiRnaadlaegnadns
Tuiugussdinenszgnuazde uasdunngiuddylunisiniunanad uenant Srmidseveuna
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