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Exploring Hepatitis E: A Comprehensive Review
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Abstract

Hepatitis E virus (HEV) was first recognized in 1980s from an epidemic of unexplained non A and
B acute hepatitis. Currently, HEV infection is one of the most frequent causes of acute viral hepatitis
worldwide. Four genotypes of HEV, 1, 2, 3 and 4, commonly cause human infection. Genotypes 1
and 2, prevalent in developing countries, are transmitted through contaminated food or water.
Fulminant hepatitis may occur, particularly in pregnant woman infected with these genotypes.
Genotypes 3 and 4, found in both developed and developing countries, are transmitted through the
consumption of undercooked meat. Swine are the most common animal reservoirs. Various clinical
syndromes range from asymptomatic infection, acute hepatitis to fulminant hepatic failure. Chronic
hepatitis may occur in immunocompromised individuals, and multi-organ extrahepatic findings. The
diagnostic facilities remain limited globally. Currently, there is no specific therapy of HEV infection.
Most patients recovered following supportive care. Ribavirin and PEGylated-interferon-alpha may be

considered in certain cases of HEV infection.

Key Words: Hepatitis E virus, Viral hepatitis, Acute hepatitis, Chronic hepatitis, Ribavirin
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I¥adudniaus eglu Hepeviridae family uag Orthohepevirus genus Usznauluae 4 species A-

D° aflnfinelseluiyudie A 39 8 anewus® aneusi 1 uay 2 wunmsindeanisluuyud aewusi 3

uaz 4 wunsAndeaINdmigau lunyuazmyln® aewusil 5 uar 6 wulawgluvyth aeWusil 7 uas 8 4

swmmiuuwéﬂaamﬂsi']uﬂ'ﬁ%’wszmmﬁauazuumﬂgglo

Thfadudnaudifulidavia RNA anelien Alifivasnsiu suinenn 7.2 Alawua

Jaonuldvaregludenvosfifnde fustinlihiadiusniaudogsonlignianslnsssuunidudu
Tae genome vashi¥asusniaud fdumia open reading frame (ORF) fiddiyfie

1. ORF 1 19nenswanisas1elusaud laii saiulaseadis 1oy RNA helicase, RNA-dependent RNA

W12 gqgnsanudl

13,14

polymerase’

2. ORF 2 Inenswanisadslusiudiisrtulassasaldun capsid §anuinduidmned dyues
wouRvoRtuseneuyud yhlndudhmneglunmswannfagule!
3. ORF 3 lfheasianisairslusiuinuamglubiadusniauduinfiiuaontiy TnevivthilAadesdu

ASHUSFA, N559ATIN LazNI5BNMNLARLIUIUWY
STUININY

wumsindoliasusnaudlumsdiomeaeiug 14 lnedeyaannisesdniseundiolanwunisia
dolaasiusniaud 20 duaudel TnedRndemanidonnsuszan 3.3 dueu wasdisenudiededi
44,000 aulud 2015 Andusnsinsidediniesay 3.3 PpansideTinanhsasusniausmnn 8

hifadudniavBaneitus 1 uas 2 nulunguussmaneldm wu varefiudilueds, uewin, Windln
wazUszmanaUng fupannana®® wumsszuinadausnludl 1955-1956 fussmaduiie TERnde 29,300 51
» Gasorunienisiulssmusmviedduiivuiiougaanseiifidelata shldAanssniauesiuuuy
deoundulaglifinenureimisdniauuuuiiess f8mnndedingdlunduiinedinsssuasman uddslsl
nsunalnidaian’

hifastusnaudaneiug 3 uay 4 wuldslunguussmamdsiamuuasysemaianiud f5euns
Anudeluglsy 2 unuied? Fasorndnidaulnensiulsemuiofivudioufedelisa fdni¥slsandn
Ao wazdanuludasodnsu 1oun nyUn, NTEAY, WNE, WNg, N304, 17, 1N Lazkdd ™ lviAanis
Snuavresiulifinadeundunazioss

Tudsemelnenueugnueshiadudniaudannsnagiiduiuegifesas 14 laeifumsdsaly
Uszrnsmelneiinndriunsinasinislugaed 2007-2008 Fewuinanugnvedhsadusnaudaaslu
el Fenudulvyduemaudanunasiiaudelunslivilnadony shlvoumuldihdadusniaus
Tudszmelnefndeandaidau® lnedidnisdsafe ny
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v v

1. Fecal-oral transmission fiastarunnan1ssutseniueimsniedanfivud ougaansedfidelfasy
anwaud wuluaneiug 1 uag 2>
2. Zoonotic transmission Ainsarunsdudatudaiialnensauaslnedon wu mefulsemuiefiugslan,
HAnSuTanuY [Dusu?!
3. Person to person transmission nuldtesunnidleiUeuiieufunsindenuudue

3.1 M3Aafenuiigan nuauRaUnAlumMInusNIRAUNTIE T

3.2 msfnseanmslisuden wulddesninfesay 1 vesmsinlenunlulszmasinge? fisey
MamaneUseneluglsy, Su uazdUu dundlngmuluaeiiug 3 wag ¢ gUhednunlifionnimied
omstiosusansnsovhliAnnmsindodesslaludiaoniduiush®

3.3 MsfafeanNsUgnaueielg s

AINISHAAININI9AALN

1. msfndelh3asusnauduindoundy
fhwdulvglifionnis fiwufomsuansegiisosay 530 vowRniloramun® Téun
1.1 Prodromal phase #il4, saunae, Uniiloonui waveauldendou Uszanm 1 dUavinouasnud
RRFIVARN
1.2 Icteric phase #91n15Aindnuaslaanisdiiu® nan1snsianiaiesluinisnuan TB (total

(%
==

bilirubin), AST (aspartate aminotransferase) ag ALT (Alanine transaminase) g3vu
1.3 Convalescent phase 81n15.180ATU
AUawlisadusnaudaneniug 3 war 4 eeliennissuusatdesndtateiug 1 wag 2” eniuludaseny
wazhUhediilsaduisesuivausainnzduneeunduls guisnsassinnunsinidelisaiudniaud
aneiug 1 ddnsinsdedingedsdosar 20 Fafaldain anzassiiluiiy, nnzuwnsndouainnisiie
\daneanuwazniesue’® msnusniianlasulisaannuisaniiloniaia Winnan, AusnEULavIdeTInma
aaeala’’ fssaihisadusniaudiduanmg v liifadunedeunauluddiendlsaduisosseginn 3
I A v a aa = v 38
wuhildnsndeTinasdisTesay 70
2. msfaelifanudniauduinGess
v AY o o v = o ! Y] v & A v o SN oo o 39 Y. 14
Auregiiuiu 1w fienmesunisugnateeteny, dlisussiidisveneaiiundn®, duieeyle?
ilszAu CDA (Cluster of differentiation 4) fnd1 200% Wudu llaansamdalisa Tusreniels viliia

¥
LYY A

fusniauidefuarduuds Favuanglumsinideladusnaudaneiug 3 way 0% lneagitadonnedld
denmanuhidludenaviegaasziiunatunii 6 Weu® udlugtieiléfunisugndeeisy mamnsa
wul$aludenuuiu 3 Weu msfinnsanizuinuld®
fuasdulnylaifionisvienunisdniauresiuisandntos onsiinudesiigaainnisindelita
fusniaudFedsfe deunds® deyanndiheildsumsgnitseteswud fmsdadesesmnliasiy

v a

Snaudaneiiug 3 fedevay 20-50% wazviliSevas 10 Anduudsly 2-5 3%
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3. 9INTHARINIBUBNTUIINNTARTB SR USLaUS

hiusudniaudvinlinineinisiaunAnsusnsiusmselaluraisedens nalnnsAndalansiuwy
0 wideifnnnmsmevausmsndduiusadolfauandunannliyalaenss

3.1 9IMSHAMININTEUUUTEEY

Guillain-Barré syndrome (GBS) LﬂﬂiiﬂﬁizuuﬂmEJU%Z&'W]QFWTWaWEJﬂ’IEmfﬁﬂ’liaﬂL%@U’N‘Uﬁﬂ47
wlfesluamsuaninisuanduresdthefndeoliadudnaus Meedaidsundunas 03e® wuldluyn
yiavedhia fseaunsny GBS Iiisdesas 5 veamsindoliadusniaudaeiug 3 lulssmadengy
uazrfama® nvazvnanadnvesiiiieuaznadwsnsinuazivilioulustan GBS MAnanaumndu

wenwileluan GBS Semuunnngiiduwusfumsindelisasusniaus 1wy facal nerve palsy,
polyradiculopathy, neuralgic amyotrophy, encephalitis, mononeuritis multiplex, viral meningitis Wu
AU Neuralgic amyotrophy (NA) fnusauiunisindohda sxdlormsngosdiuvesssnisuazinaiy
RaunfATiunnIumLs brachial plexus®

3.2 9INTHANINNIZUULADA

amuindadensiiosnsguusmuldludtiefidaidolfasusniaud aeius 1 uway 3 wuideundu® §
F189UNTUANYINU autoimmune hemolytic anemia, aplastic anemia, pure red-cell aplasia $2us8Tu
UN9318°%
3.3 9INTUANINISIZUULY

sl glomerulonephritis lévislugthendduiulnfuazniduiuunndas dalugmulunise
delhfarusniaudaneiug 3 Rinrnnalnnismevaussesniduiusiodeliia® wuaudiniusldvasuin
19uA membranoproliferative glomerulonephritis, IgA glomerulonephritis, membranous nephropathy,
cryoglobulinemic glomerulonephritis kag nephroangiosclerosis™
3.4 9INTHANINNTLUUNIUAUDINNT

fsnunmaissuseusniaudsundulufinefindelhdasusnaudmeiug 1% Tneflnuguuss
feefsunansuazinuilimeanduseusniauideunduananvgdu’

AN5197 1 9INISHENINIBUBNAVIINNITANLYD LITAAUDNLEUDINIVUALRLUNAULALETDFI

STUUDIYIL 2INTITHENINIARUN

syuudssdam Guillain-Barré syndrome, neuralgic amyotrophy,
meningoencephalitits, mononeuritis multiplex, myositis,

Bell’s palsy, vestibular neuritis, peripheral neuropathy

szuula Membranoproliferative and membranous glomerulonephritis

IgA nephropathy

STUULADA Thrombocytopenia, monoclonal immunoglobulin,

cryoglobulinemia, aplastic anemia, hemolytic anemia

izuuﬁuq Acute pancreatitis, arthritis, myocarditis, autoimmune thyroiditis

AntkUaga1n EASL clinical practice guideline on Hepatitis E 20188
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A159u9RelsA

hifasusnaudiisseziinianedsnegil 2-6 dUnw® Jagtuiinsmsameiesufoanisiinsudeld
Tunsifadelsn Tnedvensnsaamidohialnenseiio n13ms99 HEV RNA (Hepatitis E virus riboneucleic
acid) %39 viral capsid LLazﬂ'maiaaﬂmaé’am‘%ﬂ'ﬁmaauqﬁﬁ:mﬁumaﬁ"mmewialf?}/ah%’a wi ey ey
fodiramanaaeuinsgulunismsiarialan

]
=

M19199 2 gUrenadsnansandensaalafaduaniaud

F0ULNNANNY KU2891A25690529

Fusniauideunduiilaingvanive
sefiasdunnzdusnauannsideudldiusy
;:Jﬂ’;aiiﬂéfuL‘%’a%’ﬁﬁmsﬁwmmw’aq
fthefifiufiaUnfivisssuutsyam saududian ALT geu
Neuralgic amyotrophy

Guillain-Barré syndrome

Encephalitis

14

RANNUUNNSTBY AUENAUAINA1IT
APnuRaUNAUeIA ALT 881953959

sintUasann EASL clinical practice guideline on Hepatitis E 20182

1. mansradelifasiusnauslnenss Wumansefidanudimeguddaoilosh

1.1 HEV RNA Wumsnsiannsgiugsgalunisidadelhiadudniaud anamuldidudenuazganse
Tneidunsianuil 2 dUanindsiudenssdenseglduiu 4 dUaniludenuas 6 dUnsilugaansy® dalvg)
THlunsmsaduasgddutuunndes iileddadeliasusnaudifesuasddddlunmsfinniunissnuldde
doswngithenduisnandnesalimugiiduiudedolia’

1.2 Capsid antigen detection 1¥lun53lade lhSadudniausnwidndeundunazisess asanulaly
Foandsinde 2 daiuandonsedlduiu 4 §Unsi denulidosas 91 uazanudunizfosay 100%
idesaniiseligunnidensiouiisuiunisnsan HEV RNA Fadumadendililunismsadendanseile
Wadylhfadudniaud
2. mansagiiduiusedeliaiusnaus Wunmmaiiieudunzgeusiiiruieansa

2.1 Anti-HEV IgM sisaamuil 4 dUnwvindsnisinidouasionegliuiu 3-4 e Tuveseerauius 1
9 Ysvendamsiintoideundu Sanuli¥osay 80-90 lufthegfidutuund Sosay 85-87.5 Tufthegidudy
unnses wagANuIuNESesay 99.5%

2.2 Anti-HEV 1gG as1anul 4 dnsindsnisiinidoniansegldumnmans? Tneflsedugiduiuiugaduld

(=3

LY

AusTEghamaInIsine daiulifesar 80-90 ludUlsndduduund Sesas 15-45 TuureniAuiu
Unnseas wagANUINNIETeuay 89-98%
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Wesnmsnsiagiiauiusieelida dudlanuiganssiawnndensidadenisiawelifadudniaud®

Y

F9AITNTIVIIUAU HEV RNA #38R5aNUNNSIALTUIDISEAUNT AN

Y ]

AT5199 3 KUIN9IN15ATIINRIISERUDNLEUD

ﬁﬂ']u::’ﬂ'ﬁaﬂt%a N15897M599
mMsAnaIdeunay HEV RNA
HEV RNA + anti-HEV IgM
HEV RNA + anti HEV 16G
HEV RNA + Anti-HEV IgM + anti HEV IsG
Anti-HEV IgM + anti HEV IgG (1fisi )

HEV antigen

msAndeisess HEV RNA (Anti-HEV) W11n1 3 1heu
HEV antigen

msAndaluaiin Anti-HEV 1gG

finwUada1n EASL clinical practice guideline on Hepatitis E 2018°®

M19199 4 wumensitadeuenlsavesgUlelasadudniaud

Y
A01UZNIRALYD AsIdadsuenlsa

miam%lalﬁ&mwé’u Drug-induced liver injury
Autoimmune hepatitis
EBV/CMV hepatitis
Acute hepatitis A,B,C
nshnideisesdludiie Graft rejection
Qﬁﬁ:&lﬁ’uunwia\‘i Drug-induced liver injury

Graft vs. host disease

Recurrence or primary liver pathology in liver transplant
recipients

EBV/CMV reactivation

sintUasann EASL clinical practice guideline on Hepatitis E 2018°°
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1. m3snwhifadusniaudsiladeundy
AUaweInslisusssdlngmeidlagodenisshw wuulseAuuseraduas SnwinueIns enviuy

Funefiinssniauveshiasusniaudednsguussvielinndunedeundu fnnsannsgnaesunude
1487 Seerumslifen Ribavirn S19aevilinmssnavsesdiuuazssiuliaanasldiinu® uidsddoya
aruayuliiisans

fhesnssifiRnidelifadusniauBaeiug 1 uae 2 edresunsfedamedunedoundu Tutaidles
a3 msvaniassnislie Ribavirin esannidesienuiaunfvomisnluassd enafiansaunlien
Ribavirin aesszdinse Seludslannagavineuainssingss ileandnsniadisinuasfinnsannisugnds
sulufihefiitoud®

f189runslfen Corticosteroid Tugthsfuanedsundusaglianisviauresiuity uddsls
Yoyatifivswelunslimuugir®
2. masnwhsasusniaudvindeiilultheugnisetens

msﬁmimwammﬂmlﬁimmawwnaﬁ'uﬁ'aanqm§(ﬁ' T-cell L% cyclosporine, azathioprine,
mycophenolate mofitil, tacrolimus 1usiu aggelvigUaedldsunisugnanseisizdszivlafaanasng
Aundlane 1 Tu 3%

luftefidmnmmudohiadusnauuiunit 3 doundwiueinagll #91sanly Ribaviinuuin
600-800 fladnsu 1uszeziian 12 dUni Taeildnsinisiiin Sustained virological response (SVR) 8l
Yowar 78%° dedsuidiuldarnnsnnvliny HEV RNA sisluidenuazgaunss drdwmsanulifadusniaudd
12 §Unindanssnwanansafiansanliien Ribavirin seiflosauasu 24 §Unild Jedefidreiialoniaiin
SVR loun Usunaudimdonu1iuila lymphocyte g9°° nsanasuesszdu HEV RNA = 0.5log;o IU/mL®

fuhsugnaneduiidndoldasusniaudiediuarhinovuauswionislden Ribaviin enafiarsanl
PEGylated-interferon-alpha uszeginan 12 dUni® wslianansalildluduledivgnareeioazadngy
i e, dugou, Wala wavdeon esandfivlenainnssesiue Tzl
3. msfnwhfadusniaudlugiegiiduiuunmsedus

msfmwifthghiasusniaudFesitldldsunmsdgnaiseteas wu Uaeiesled, fihelsadeniisos
1¢5uenand (usfu T91897un 9l Ribavirin, PEGylated-interferon-alpha videmslieniia 2 sfiadiu o

frelain SVRS ™

nsdaenu

1. vdndsamssuusmuiledn i7iugdianues vy, uyth nne uasdnfvndug dnanuaziduilinums
yhaneide Tasmglufihenddufuunndes fuefiilsasuiods”

2. flhepfdufuunnsesmssuussmuiofiugafegamgiinnnd 70 ssmwaibea™

3. ifeyansfadelsadusniauditunisiuuinaden Salduuzihmsdansedhadadusniaudvey

a a [ a | a ) o % v 5g
UiﬁﬂﬂiquﬂﬂigLWﬂ@qﬁJﬂquLafJ\‘iLLagﬂjquﬂuﬂqwqﬂLﬂiﬂiﬂﬂ LYU ﬂqﬂ!u, Niﬂlﬂﬁ, a3Ng) WUy
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4. Imsimuriadudesiunisiageliadudnaudnusemaiu lngdesiuaiewus 1 wag 4 wazidein
aunsadesiuaeiugduglasig JUssavsnmiisesas 95 31neanadas 100,000 Au’ widrZuAsna1Ids
Lignldegnaunsuatemilan Wewinseasenisanyiiaiusely

4

A13799 5 anwaznenalinidiAyvasliSanududniaudnuaenug
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AnwaIEN19Aaln Aenug 1 uae 2 A8 3 uay 4
N13NTEENNYIAFGEAT UsemAnaaiamn UsgmamasiaLagUsena
WAL
SULUUVBINTSUNINGZANEY TsasznianaiAntuduniangn Aetuuedsasm
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Malignant spinal cord compression

vATEg aneru’ @iy Ju5ee’ stiud Insiusinua’

M ununengsmans drenisunng audnisunndnigyauniiven
ANYUNNYANENSASIITNYIUIE UNINeIaeUAng
*@191359@5 N NAIYISIE@INYN 1SINeIUIaATINY
ANELNTEAEANSASIIINGIUIA W INedeuing
woraseth.sai@mahidol.ac.th, sirigunya.roo@mahidol.ac.th,

tanun.jit@mahidol.ac.th

unAnge

Malignant spinal cord compression (MSCC) A® amensnadenssuuysvamladundsdaingin
uzSsqnanszgndundmiaidedodiafes dwaliduaofanmnanmisludunisedeulm nssud
pwan mstudedaaniznionannse manmsdidulsasndmielilifunssnuniviunaioiadsliin
amzunsndeu thlugaanmiinuazdnsnissendinianas Saduanzenidumalsauzisaifinnmddy
e fhedndudeslisumitadeiinniueslrmsfnuniunzailasuwndanaiysindn 1iun o1gs
wnndlansiss unmd¥edsne Ussamdasunndviodasunvdnszgndunds windvemansiluy wazans
Iesunsquamadslasiueiilenanissnuifdign

AdRey: nsnadenszuulszanludungy, uzdmnainszandunas, nmganidunidlsauzse

Abstract

Malignant spinal cord compression (MSCC) is defined as spinal cord compression associated
with vertebral metastasis or neoplastic invading surrounding tissue. MSCC may result in several
neurological dysfunctions, particularly motor weakness, loss of sensation, bowel and bladder
dysfunction. Rapid disease progression or delay in appropriate therapy are associated with high
morbidity and mortality. MSCC is an oncologic emergency that requires prompt diagnosis and
management. Multidisciplinary approach including medical and radiation oncologists, neurological or
orthopedic surgeons, physical rehabilitation and psychosocial providers is required for the best
treatment outcomes.

Keywords: Malignant spinal cord compression, vertebral metastasis, oncologic emergency
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MSCC wagliianusandeulmlddiuunnazdedinaslung 6 Weuanamzunsndeu léun pneurmnonia,
sepsis, venous thromboembolism 11nndNannnandmzisaes” {iheuzisadlonta 2.5-5% lazifn
A MSCC lunasnv2973n TudsemmanszeisninugdanisalvesUaeiiin MSCC Uszana 20,000-
30,000 18/0 wilavesuziFaiunsnsznensygndundsinuvsesigaludiaedlng WuA solid tumor (61%)
W wziSlen ussusiu wazusswougnuuin lag MSCC faduainisuanusnuesuzisananailafe
20-34%" dm¥u hematologic malignancy 1w multiple myeloma wuat@nised 11.1%" uziSaPu Wy
renal cell carcinoma, melanoma, sarcoma &g Non-hodgkin’s lymphoma wuldsesadun Iu@:ﬂamﬁﬂ

WU sarcoma, neuroblastoma, lymphoma Lﬂuuu%\iﬁﬁqﬁamiaﬁ‘uaﬂ MSCC wnwign® ®

ne3niavadnszandunaazludunas

nszanFuUNAS (vertebral column) ¥imiii Yosiusunsefiinseludunds (spinal cord) lag
1A59851997U anterior, lateral Wag posterior oA body, pedicles, lamina Wag spinous process AIUAGU
lydundevion{uade thecal sac ¥99919581719N520) ﬂﬁ’u‘mﬁmaz thecal sac Ao epidural space @4
Uiuﬂaumalwuuav venous plexus ﬂ‘iuﬂﬂauwaamwm’mama thoracic vertebra U‘iuﬂaumaﬂium
12 ‘iju A1UA18 lumbar vertebra 5 GU‘u cervical vertebra 7 “Uu sacrum 5 %‘u e coceyx 4-5 ‘iju nsTan
au%aﬂwaﬂmaﬂuw’mmW‘VI‘LJ’]I@EJ intervertebral disc wazA1unalag facet joints 914 2 419 L@TUAY
ufaussdae spinal muscles wa spinal ligaments A asfuAsvaINTENdUNEs (stability) 397 uagFus
nszgnIesTINAUeIAUsENOUBUTT19HY
ludunds (spinal cord) 1udauves central nervous system 7 #o1i99311 brain stem GRHGE|
spinal canal foufiazdugafisedu L1-L2 intervertebral disc Insdruta1saaua spinal cord Ao conus
medullaris wardau distal anifufediuzes spinal nerve findem19s 138071 cauda equina nelu
spinal cord Usznaun18d@I1uYad nerve fiber wag neuron I1UIULIA GLuwlmmﬁy%‘uaaqU spinal cord
tract fifimmiAeadastuennisuanseanie MSCC laun
1. Lateral corticospinal tract muquﬁﬁﬁﬂﬂﬁ’]m‘ﬁa (motor function)
2. Lateral spinothalamic tract $u3Au3dniduuan (pain) wazgaumall (temperature)
3. Dorsal column Fuidufiaasiden (fine touch) uay mmiﬁﬂmﬂﬂé’mﬁmmwﬁ’a (proprioception)
4. Intermediolateral cell group (IML) Ju nucleus ‘ﬁagﬂu intermediate grey zone 5$%314 dorsal
uag ventral horn 984 spinal cord Tuszau T1-L1 aelull preganglionic sympathetic neuron %4

AIUAL autonomic function VB4 visceral organ
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wesnLila
nsnadeavendulszamlvdundaialdnnmsunsnsyarevessdeludwuvtasing q el
1. Vertebral body metastasis 1 usiumiafivifliiAn MSCC loanndian (75%) Insnisnadonves
lvdunas natfalaain
1.1 tumor ﬁqﬂawulfil"ﬂﬂiu epidural space aunawlen thecal sac nalniinwuld 75% siansne
\Jen spinal cord N13A1U anterior way anterolateral nau fnLAna1n solid tumor A hematogenous
spread 3171 vertebral body Sto1anunisnszanevesuziidlunsegndundslsvarssedundenniuda 20-
35% Iﬂawuqﬁamiiﬁmaﬂ vertebral metastasis 71 thoracic vertebral mﬂﬁ?jm (60%) Wesnnidudiuves
ﬂis@}ﬂé’wé’aﬁmmazﬁ blood supply 410, #1128 lumbosacral (25%) wag cervical vertebra (15%)
muaau? n3ensal multiple myeloma ABLin soft tissue 370 lytic bone lesion waganatutd1buly
epidural space
1.2 Lﬁmmﬂmsﬁﬂsz@ﬂé’wé’qgiylﬁa stability Laziin pathologic fracture vl bony fragment
naLden thecal sac wulgl 10-15%°
2. 43L538na1191nUS I8 paraspinal area W1 neural foramen wula 10-15% vyu lunsdl
lymphoma, sarcoma, neuroblastoma
3. Intradural metastasis 141 leptomeningeal metastasis %39 nsnadenludundsaniiesonves
meninges LY meningioma, nerve sheath tumor
msnadenladundaainueiss Snidudnway extramedullary lesion namodlouzduiuladu oy
19Usn thecal sac waznatden epidural venous plexus nan1slnanduvesrasalionnlaziaoAd ALY
Ufin venous hemorrhage wazilugnmsvinidenvesludunas dlolvdundavindenizinismds cytokine
vangadln laun prostaglandin E, (PGE,) Wag vascular endothelial growth factor (VEGF) dswaliiinnng
L‘ﬁ'mﬁumm vascular permeability ﬁma%"waamiﬁéwmq ULAR vasogenic edema Tuusiiad white wag
grey matter Wawtiin spinal cord infarction thlugnisidemeetnennissieseuuyssaimludumnas

DINITLATDINIINEA

v A

amstandadusmsihfiddgfidesseiduitiensse Wewnnulduniigaiia 80-90% luves

o
A 1

39988 MSCC (1) Tnednasiindu 2-3 WouneunsidduuarasianuauRaunfnissyuuuszamaue
pinsuaandsoraduludnwug dull aching, localized pain Lﬁaamﬂum%‘qﬁ?faaS]qﬂammn vertebral
column aufinnsEmienves periosteurn Tlernsuravdsreqdunnntu (gradual and progressive
back pain) maﬂmmn%mﬁa@ﬂwuawmaﬁammmmﬁu“luﬁmﬂmﬂﬁu (night pain) HsaNiAnNIsA A
84 epidural venous plexus™ waglugranansiusismeiinnsmds cortisol luuSinasitan ermsunvilail
finyantaainnislden anti-inflammatory drug

gmstnenadudnuas mechanical pain feermsuanfuinniudlefimsiedoul fnsle e
LUS (valsava) Lﬁmmﬂmﬁﬂﬁqﬂa’lmmﬁﬂ vertebral pathologic fracture viainAuidemeseldode

(5)

50U°9 vertebral column auLAin spinal instability® 81n13UATTnloAARTUNTOLAIaI0E A UNGULAE

finlainwa1saensly anti-inflammatory drug n135nwInanABNIs stabilization wae surgical fixation

9 26



N13UsEYuIvINITUsEANUATIN 12
Uszdd 2567

UBNNLE1819NUBINTUINNE MUY radicular pain ‘Lumaﬁﬁé’uﬂizamgﬂﬂmﬁam 91115U081N
Juwuu sharp, shooting and stabbing LLazmamm%’wﬂﬂéﬂmaﬁaﬁaﬂmEJLﬁw%"]ﬂmsﬁwmﬁﬁé’(g)
91M1588ULTY (motor weakness) L ue N7 Usd lsnszazanan wuld 35-75% Tumgitade
MSCC Iﬂ&JmmiéauLLiﬂmﬁ]LﬁﬂlﬁﬁgﬂLL‘UU long tract motor level iag local motor level
- Long tract motor level Usgnaun e lateral corticospinal tract ag extrapyramidal tract N15nA
Wualvdunasusnuninayinliiie1n1599ulsauy upper motor neuron lesion 914LAgRUTeElIAL
sedusnitseslsratly 819mTIaNy spasticity way hyperreflexia $auge
- Local motor level nmsnatleausiies ventral nerve root #3e anterior horn cell agyildian1seeu
LILUU lower motor neuron lesion 813313V flaccid paralysis ag muscle atrophy iuszﬁuﬁ?w]
nsgapdeninuddn (sensory deficit) wulduszanns 50% lurairidads MSCC Tnsfisfauuy Long
tract sensory level Wag Local sensory level
- Long tract sensory level iinn1snatdenladunasusiied dorsal column wag lateral spinothalamic
tract ‘Vl’ﬂ‘MmJ’JEJanLaEJﬂ’l‘JiUi proprloceptlon P19RenuTenlIa Lay azul,aamiim pain, temperature
U sensory level mmmmmmum“mwmmw'ﬁasﬂiﬂaﬂﬂ 1-5 5AU msﬂmuamlmauummﬂmauaﬂ
ylAAne ns¥nduUatewintuan (ascending paresthesia progression) aun1siesiaves tract lu
Todunda
- Local sensory level tinannsnaideaidudszamn (spinal nerve) vilvilinnisideainusantuseeu
dermatome Tiasslnadulsyamiu uazerarliAne nistanuuy radicular pain
miqigL?mmmmmamamgwmwﬁﬂLLazﬂsszw‘ﬂaanz (autonomic dysfunction) IaguinLin
nsnatlenvaddulsyam sacral %ise cauda equina AyilvAnANRAUNAvaINsTUaedaaiveanisy
wulduszanns 50% luvagdfads MSCC SnnusaufunisnsianuanuinUnfniessuuuszamausg ns
m’sﬁ]‘wummﬁmﬂﬂﬁsuaaﬂé’mLﬁammmﬁwﬁﬂLLazmszwﬂaanzﬁmmﬁﬁ%ﬁmmmﬂu late sign V09
MSCC mnUapeliEUieenaiin complete spinal cord compression TunarhiAthluamdeliAty

N15M599519N18a2N15USZEIUNIIARLN

Qﬂwﬁaaé’a MSCC #paldsun13nsIRTNMENTEUUUTEAMLATUTIIUNTEANAUN A 108 19881880
WemsunisasnsnaDenvedludumnda ImamiﬂﬁmaamLLmﬂsz@ﬂé’wé’aLﬁamu%nmﬁﬂmﬁu A33903
FeuweIndniie N135u3Au3dn deep tendon reflex N15»373 digital rectal examination \ieUsuuiu
N19Y1191UV0 anal sphincter tone ﬂiﬂJVlENlﬂJVI’ﬁU’J’]N‘U’JEJLﬂumuLi\‘lﬁnu{’ﬂ@ AITAINYTEIRDINITAIUITZUY
LLﬁuGﬁ’]ﬁ]ﬁ’Nﬂ’mL‘W’EJ‘VIWHLLﬁ/iufl“lJax‘iiJuLiﬂiiim\‘]GﬂLL‘Viu\WIﬁ’m’]iﬂ biopsy Guul,ualﬁimsma LU NITARTIH DY
mmaaﬂ (superficial lymph nodes) lagtannzainus cervical wag axillary T BNINITUNT NSEREVD
uzifennaru wd UL nsAELA UL N15AENY BT o9 renal mass N13ATIININIY
hepatosplenomesgaly Tunselvos hematologic malignancy Hudu
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N5ASIANIGSIFING

Magnetic resonance imaging of the spine (MRI spine) with gadolinium contrast Hunisasaad
WU UAELDUAT09 spinal cord, spinal canal, vertebral column LLaBLﬁaL?jasaUﬂiﬁﬁ Ja8u gold standard
Tun15313d8 MSCC ws1ed sensitivity 93%, specificity 97%" mseiqmwimaL%’;ﬁqfﬂimal,awwmsﬂu 24
Fluadausiasds MSCC tileann 1 Tu 3 w81 MSCC finmsnadonvasladundslunanssssuuarluunenss
sedunsnandenludundsiiasdannsnsasanenslinsstusesiuiiinisnadendsa Szl MR
AaBALLINTEANAUNAS (MRl whole spine) wazvhluusnafiasdenisnadonvedlodundaninnisnsia
519718 g vertebral metastasis 1w MR nulduanwaig T1 hyposignal intense Wag T2 hypersignal
intense lesion LLa“aﬂamLﬂJﬂU‘w epidural space mﬁ]maﬁ]‘wu vertebral compression fracture $9uA28
lnaselsaaglaviany intervertebral disc uaﬂmﬂuawwmimwm MRI brain n¥euiulunsdifidonnis
@3d® brain metastasis”

Computerized tomography scan (CT) mﬁ]ﬁﬁmmﬂuﬂiaﬁﬁQ’ﬂaaﬁéﬂ’aﬁmhmiﬁw MRI A 3 pace
maker, prosthesis viaidulsandafiuay (claustrophobia) N15%1 Staging CT scan (CT chest, abdomen,
pelvis) fiuslemilunisdsufiunsunsnszaevemziSuarmiums biopsy lunsaifddlilatuideineds
19 grsuszfiunsnadenludundausiiilinga CT myelography &48aevi lumbar puncture waz
AnasfiuTaditnlulu subarachnoid space haa3sananin CT scan Faf sensitivity 91-97% ey specificity
88-100%" agislsfmutlagtiufinmsidesannniosnnenafinnneumsndouisunseinninismsa

<@
UTLIN

MRI Wy damudsmesedulszam ndensennienmsinidely spinal canal 1Jufu

Plain film spine Lﬁawmﬁﬂﬁﬂu‘uaq vertebral metastasis vléfl,m' osteotytic osteoblastic, loss of
pedicle (winking owl 5|gn) %30 vertebral fracture uuu sensitivity A1 i 9991NN15ATITNY osteolytlc
lesion mmmsamﬁaLuaﬂsumﬂu’mm’] 50% lnenudn 20-25% ‘ZJENNU’JEJ MSCC i plain fitm Unf®? ety
n130519 plain film BinuanuReunAdsliauisadamsidadelsala
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Dorsal column

Spinothalamic
Tract

Compressed
and distorted
spinal cord

A i 1 Faudasnienanssadamneay”®
A: Axial view LanIn183n1AU84 thoracic vertebra kag spinal cord
B: Thoracic vertebra 7ifuzi3auninszatausion vertebral body uaznabunludunasainaiguen
(extramedullary compression) sil¥gUaeflenmsgeunssuasidonnuddnndulaeiidun
MIUNTL389RI904 tract Tulvdunas
C: 7 MRI sagittal view Lans598l3A enhancing T2 hyperintense bone marrow lesion
7l T11 vertebral body uazananunaidoaludunds
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WYINTAIlSA

Motor function Tuaugiiads MSCC Lﬂuﬂﬁwmmﬁmﬁﬁwﬁ’mﬁqm ciﬂ’mﬁt,ﬁ@ paraplegia
Tnganized198auinni 48 $7lus flenatesundiazauisanduuniulaudazldsunissnen wasdl
median survival ﬁaaﬂ’jflﬁﬂaaﬁé’qmmsa@uﬁ 5-6 Wih"® uananiszeznanlunisiin motor deficit Al
A wandny Rades wazaniy lauusifihomuszosnaiiGuasds MSCC aufisthenin motor deficit sonidu
3 ngu fio 1-7 U, 8-14 U wazunndl 14 1y wmfwLﬁ@lé’%“ummw%’qﬁ@:ﬂwmmmﬂé’umLﬁulﬁ 35%,
55% Lay 86% n1uaiau? uaﬂmﬂﬁy@ﬂwﬁﬁmmi motor deficit s3m$2a18Tu 48 FalusdnlilAey
povauesion1sa1esed aunglesinnsdiiulsnegadunduvessruudszamsindusiug fu arterial
blockage %ﬂﬁﬂﬂfgj spinal cord ischemia l#159n791n58lU89 venous congestion Tunsdiins$nwdaenis
méfﬂﬁ"jqﬁiamaﬁuw”lﬁﬁﬂ'jﬁ
A155nE

M3NY1 MSCC finududounsnzsidunissnuinuvana1unigndn (multidisciplinary approach)
Usznaunigengsunmelsnueise unng$adsne Sedunng wndnndanszanuasludunds unndiveans
ﬁuwj Fauwnd nsidenismssnwlugisusiazse aasvinludnuazues tumor conference Llawau
A e liangn Tneflgauszasdvesnmssnuie

1. ?’(IuvjLLazﬂaqﬁummL?{amamﬁwwizam
2. AIUANDINTT 13U 8IN15UIN BINTTULATIINATILYINNAN N
3. Jesunzunsndouain immobilization 1y nsiAnduEengafy N1sARLNANATIU

ANSSNENTUAU

MsSnETuduYes MSCC Usznausnenssnumuenisuaznsli corticosteroid

ns¥nweInsUin guhedndedlasueingu opioids $aufiuen adjuvant analgesics lnguuInveIeN
uianlugUheflsitaelésu opioid infeu (opioid naive) wansfansnsdl 1 Tunsdlfthefitaslésu opioid
11ieu (opioid treated) enadasnsuuInefisnny fihefiflemsuanseduuiunaisiesuussenaldenud
Ul usmsmadudensild dmsustwiuan adjuvant analgesics Usynausae corticosteroid (19
dexamethasone) 811utn (gabapentin, pregabalin) Enﬂfjm tricyclic antidepressants gald5nweinistan
neuropathic pain &ngy bisphosphonate wi31aglifinsfnulugUae MSCC wio1atisane1n1siivuin
970 vertebral metastasis bo L15282Na198 98717 (Number needed to treat = 6) Iﬂ&&lﬁaaﬂqwﬁ(qwﬂ
Uszanad 3-4 duUnnn®®

HU3g MSCC sindan15ved)na1nA13e immobilization, autonomic dysfunction kay Had19Ags
910 opioid Qﬂaaﬁamﬂé’%’umiﬁéﬁﬁLﬁmwa waveszurelunay stimulant U senna, polyethylene
olycol, lactulose wananiienaansaulss prophylactic anticoagulant TugUae MsCC g losnnuin
FUnemzefisl MSCC flamansaamy deep vein thrombosis Uszanas 24%
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M13199 1 uanstayaeuiuiniazelysnuduaulun1ig malignant spinal cord compression
Anuwlasanienaisonsdamneiay ©

Drug Initial dose
Morphine
Immediate release 7.5-15 mg Auiilataamn 3 Halus v3e 2-4 mg damadudendiiievinnn 2 Halus
Sustained release 15 mg Auvn 8-12 la
Fentanyl
Transdermal patch 12 mcg/‘z?l"ﬂm wlgimilann 72 Flug
Neuropathic pain adjuvants
Dexamethasone 10 me Aundedavmadudond eluruineloy (loading dose)
uazlvi 4-6 mg AunFedamiaidudendmn 6 s
Gabapentin 100 mg Auuay 2 a%3; 300 mg AUNDUUDU
Pregabalin 75 mg NUIUAE 2 A%
Amitriptyline 10-25 mg Aunauueu
Nortriptyline 10-25 mg AuUNBUUDU
Bone pain adjuvants
Zoledronic acid 4 mg AaMududensvn 3-4 dUav
Pamidronate 90 mg AnMududansvn 3-4 dUanv
Bowel regimen medication
Senna unBugy Au 12 din Juay 12 ade
Polyethylene glycol 17 ¢ Auduay 1-2 A%y
Lactulose quInSudu Ay 30-45 fadans Juay 1-2 Ass

Corticosteroids

151 corticosteroid 1unssnwnssuiinsliluiuiiiasdoinguaed Mscc lesannfiusslew
WnuaziinadAssios N5l corticosteroid awann13a319 arachidonic acid Fsaan15a31e PGE, 17 wasg
VEGF dsualannisiiia vasogenic edema wazanlia spinal cord ischemia sraifu corticosteroid il
Uszlewilunisannisiinnnzunsndeuniessuulszamuazsg1eussnioin1sin uonaini
corticosteroid é’aﬁqmésﬁwamﬂ%mmmL%qmwﬁm Town leukemia, lymphoma A5LaanlY corticosteroid
iK1 blood-brain barrier ¢ tgtiuenfifideyaunigafe dexamethasone Tasvunamnzaudslsiwida

Sorensen LagAMEYININISANEILUU Randomized study 1wl a.a.1994 Tuauld MSCC 57 518 Wigu
S¥WINNISIA dexamethasone 96 mg iv bolus wagmemIefiu dexamethasone 24 mg 7N 6 s riow
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Ao 9 anruing1atly 10 Tu 1guiunsli placebo lnerUiennseglasunisanesadluvuin 28 Gy luvian
7 $u afnwmudn finan 1 Il dexamethasone ansnsanduunifulsiuinnitnguilld placebo
aghafiudndy (819% e 63%, p=0.046) uwismsmssentinesldunnseiufinalaglunsinui 3 11%
VoI UIAANATILAETULIIN dexamethasone'™®

ARINN13ANIUSEULTIBU high dose iU lower dose dexamethasone Iy Veche wazaalg Tud
A.7.1989 Laev1 randomized controlled trial Tuw U8 MSCC 37 518 wu11n1519 High dose
dexamethasone 100 mg iv bolus lifiAuunns9iu lower dose dexamethasone 10 mg iv bolus Tuus
vosi udavosszuudsza Idun niadu 8an1sUan waznnsndudlaanizga9se tnesisaeenguld
dexamethasone 16 mg Ao TusnAuN1TA18598 30 Gy genmdssiunisAnwives Heimdel uagmuglud
A.7.1992 finuinsv dexamethasone 96 mg iv Suazade leuiu dexamethasone 4 mg iv 9N 6 Al
Lifianuuanissiednsinaiulavesiisegralidedfg ™

nnangusnaglutagdunuiinislyl dexamethasone 10 mg iv bolus #uA3E 4-6 mg 1N 6
Falug 1Annathafesiosninnislst high dose dexamethasone wagiduruatiagtuiildfuunsuanedan
nad1fBefinuain dexamethasone fid1feyile psychosis, perforated gastric ulcer fidaaldsunisuga,
hyperslycemia, surgical wound infection waz pneumonia™® Tnesinaziinidlold dexamethasone nnin
3 FUawi mndauslusiosld dexamethasone szezea Aasli cotrimoxazole fraiaue dsanizuly
dexamethasone La1A15Wa1TUI N3 nwIRelUlaen 1N IAANT 9N15218598 Larosqanaun
dexamethasone a3nn9 3-5 Tuaungaty 2 dUaninasanlasunissnwidanais dmsunissne MSCC
Fren3H6in decompression Taglallsf corticosteroid SudslififoyannisAnuiluilagsu

NFSNWNANIL

UsENaUmMe N1SHIFA NSANUS9E mi%’ﬂmmL%faﬁlﬂummqéham Wiy AU
ASHIAN
1 v a [ = 19 [ v I3 a
ASESATUNUINEINTUNISTAEY MSCC ins1zatunsannlunisnasdenludundalasinsiwazi
Usgdnsnn lnedigausyasdmanisudly spinal instability, wilunisnafealudundsain uziimse bony
fragment, ane1M3UI0, WdAUANTIRLazUYANURaUNINsEUUUSEa T lANINge

Y |

UaNNT Uszlevuin1eeauvainisuidnmedsaiuisadadulioiialdidadsuzisslunsanadagun

2

(2
1A

a8 MSCC Tnedi §alinsunisitadelsausifaunneu wndaisiatsuinisnidataesmndideusd
Immawwdauﬁ@’ﬂw%ﬁ paraplegia wuiiu 48 $lus FeusTvasmsrirdnnounisaneSedlaun
1. \Aim spinal instability 91nwz15
Q’ﬂ:}a%ﬁmmiﬂmLﬁaﬁmﬁm?{aulmﬂuaa vertebral column wazau15auliLAn pathologic
fracture e @unsaUsEIIU spinal instability 1agle The Spine Instability Neoplastic Score (SINS) $19,115714
7i 2 TneUszfiunennstiandsuasdnunen1mmesed avwuu 0-6 nuneda stable spine, 7-12 wanefa

indeterminate Wway 13-18 1u18dls unstable spine lnail sensitivity 95.7% way specificity 79.5%%"
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2. AANSWAULUaIMNSEUUUTEEmMoEN95InLE
Qﬂfs817fﬁafmflwwizwﬂizafmL1JﬁauLLUaaadquamLéaﬂﬂalu 48 $21u9 Ineranizeg 199 motor
function uag bowel-bladder dysfunction A25ldFUN19HIRAlABLS Y LTl D99 InaMAYES spinal cord
ischemia #nLAR21A bony fragment compression 31A78 6‘5&@’11';sfﬂ3134'@1auauawiaﬂ'ﬁ%’ﬂwﬂmamsma
ESGTRN AN
3. anwaznsnadenlvdunasan MRI
annsouszdiunsnaifenludumdanin Epidural Spinal Cord Compression scale fann5137 3 Tag
High grade spinal cord compression (grade>2) 371 MR Tnusdaseusduresmsingin@
4. NSNILANLVBINLL SRR B ULFE?
5. qUenglasunisanedadinneu
6. uniSafilimovuauessonisaiesed (radioresistant tumors) 1y renal cell carcinoma, sarcoma,
melanoma

A19197 2 The Spine Instability Neoplastic Score (SINS) fiautasannienansdrsdavineiay

Location

Junctional (occiput-C2, C7-T2, T11-L1, L5-S1) 3

Mobile spine (C3-C6, L2-L4) 2

Semirigid spine (T3-T10) 1

Rigid spine 0
Pain with recumbency and/or movement of spine

Yes 3

Occasional pain, but not mechanical

No 0
Bone lesion

Lyric 2

Mixed (lytic and blastic)

Blastic 0
Radiographic spinal alignment

Subluxation or translation present a4

De novo deformity (kyphosis or scoliosis)

Normal alignment 0
Vertebral body collapse

>50% 3

<50%
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No collapse, with >50% of body involved 1

None 0

Involvement of posterolateral spine elements (facet, pedicle, or costovertebral joint fracture

or replacement with tumor)

Bilateral 3
Unilateral
None of the above 0

Total score

Stable 0-6
Indeterminate 7-12
Unstable 13-18

#1319% 3 The Epidural Spinal Cord Compression Scale finuUasainienansensdanuneay %2

Grade Description
0 Bone-only disease
la Epidural impingement, without deformity of the thecal sac
1b Deformation of the thecal sac, without spinal cord abutment
1c Deformation of the thecal sac, with spinal cord abutment, without cord

compression

2 Spinal cord compression, with CSF visible around the cord

Spinal cord compression, with no CSF visible around the cord

aﬁhﬂiﬁmmm%ﬁmimﬁmimﬁﬂ5@5\’@&@%%5&16’1’1‘1&@’38 laun performance status, comorbidity,
A3¥nW cancer MKW, visceral organ metastasis Wag prognosis V8 U3y wwndsndudesdann
szninUsslevifilaannnisuagn anumdss nzunsndeu wazlenadedinannisnidn faegaey wn
LﬁmﬁjﬂaaL{’JuﬁﬂaaﬁmLaawﬁaLﬂuﬁﬂaaszasﬁwﬁmmwsL%ﬂ%ﬁﬁiummﬁaaﬂ’h 3-6 LADU NITHIAABIAY
Lilsifnsnssendinuasaunmdinvesiie 1Wusu®

Tuwdmadansindaiuiaunarnvane TngaziansananduniuasUsinavewziidinaden
Togundadundn wunswidadudeousi laminectomy with instrumented fusion L evEENUT 119
ATUNGIAAY spinal cord WANAIA1NNTSANE randomized trial® way retrospective watgady?+?52¢
WU laminectomy $aufumsanesddu livilvgasdinstusmassuuussamilunndsduile
Wieusunisanedediiissegnuies esuneldannnisnsyanevesuziiani vertebral columnn dugniinly
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Abstract

Intravenous Immunoglobulin (IVIG) is used as a replacement therapy in antibody deficiency
disorders and as an immunomodulatory agent in autoimmune or inflammatory disorders mainly in
hematological and neurological patients. IVIG-associated hemolytic anemia is an uncommon adverse
effect of IVIG that remains under-recognized, despite widely uses of IVIG products. The incidence of
IVIG-related hemolysis has not been known exactly. Risk factors of IVIG-related hemolysis are non-O
blood group recipients, high-dose IVIG infusion, and IVIG products with a high titer of anti-A/B.

We report the case of a 62-year-old woman, blood group Al, who presented with symmetrical
polyneuropathy and sensory impairment that was later diagnosed as Guillain-Barre syndrome (GBS)
and received IVIG at a total dose of 2 g¢/kg as a treatment. After receiving IVIG within the first week,
she developed acute anemia with signs of hemolysis (reticulocytosis, spherocytosis, elevated lactate
dehydrogenase, decreased haptoglobin, and indirect hyperbilirubinemia). After receiving an oral
corticosteroid, her hemoglobin was gradually returned to baseline. This case report well
demonstrated hemolytic anemia after IVIG administration with known high-risk factors including blood
group A, high-dose IVIG administration, and inflammatory disease as GBS. Furthermore, the type of
IVIG manufactured which had a high titer of isoagglutinins was also one of the risk factors for hemolytic
anemia in this patient. Increased awareness of potential side effects of IVIG is needed especially in
patients who have risk factors for having IVIG-associated hemolytic anemia. After IVIG administration,
a complete blood count (CBC) should be carried out periodically especially from day 5 to day 10 to
monitor and manage this condition early.

Keywords: IVIG-associated hemolytic anemia, IVIG-related hemolytic anemia, post-IVIG complication,
hemolytic anemia
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Introduction

Intravenous immunoglobulin (IVIG) products are made by purifying pooled immunoglobulin G
(IsG) from the plasma of healthy donors. These products are used for two main purposes: as
replacement therapy in antibody deficiency disorders and as an immunomodulatory agent in patients
with autoimmune or inflammatory conditions’.

Currently, IVIG have been the proven-effective treatment in neurological disorders such as
Guillain Barre syndrome (GBS), hematological disorders such as immune cytopenias as well as in
dermatology, nephrology, rheumatology, ophthalmology, and others. IVIG-associated hemolytic
anemia, also known as IVIG-related hemolytic anemia is, generally, a rare adverse effect of IVIG
administration. Despite widely uses of IVIG, IVIG-associated hemolytic anemia is an uncommon
adverse effect that remains under-recognized.

Two different definitions of IVIG-related hemolysis have been used including a modified
definition from the Transfusion Transmitted Injuries Surveillance System (TTISS) and the definition
developed by the Canadian Blood Services and Hema-Quebec IVIG Hemolysis Pharmacovigilance
Group (Table 1)

Table 1. Summary of the different hemolysis definitions?

Modified TISS definition IVIG Hemolysis pharmacovigilance Group definition
Destruction of RBCs as evidenced by: Destruction of RBCs occurring within 10 days of IVIG
1. Decrease in Hb > 1 g/dL administration, as evidenced by:
2. Any laboratory evidence that 1. A decrease in Hb of at least 1 ¢/dL and a
supported the diagnosis of hemolysis positive DAT
(e.g., positive DAT, increased 2. And at least two of the following:
reticulocyte count, increased serum increased reticulocyte count, increased serum LDH,
LDH, increased serum bilirubin, increased serum unconjugated bilirubin, decreased
decreased serum haptoglobin, serum haptoglobin, hemoglobinemia,

hemoglobinuria, and/or spherocytosis) | hemoglobinuria, and/or spherocytosis
3. Clinical: jaundice, dark urine, back
. . . Exclusion criteria: history or examination consistent
pain was also considered if reported
with an alternative cause of anemia including
blood loss, other drug-induced hemolysis, anemia
associated with cancer chemotherapy, or hemolysis
associated with an underlying disease, negative

DAT, absence of other inclusion criteria, in

particular, absence of evidence of hemolysis
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Abbreviations: DAT = direct antiglobulin test; Hb = hemoglobin; IVIG = Intravenous Immunoglobulin;
LDH = lactate dehydrogenase; RBCs = red blood cells; TISS = Transfusion Transmitted Injuries
Surveillance System.

Comparing these 2 criteria, the modified TISS definition has a greater sensitivity rather than
specificity while The IVIG Pharmacovigilance Working Group definition is more specific for detecting
IVIG-associated hemolysis.

Clinically significant IVIG-associated hemolysis is rare, despite increasingly reported cases over
a decade. The incidence of IVIG-related hemolysis, ranges from 0% to 19 % in observational real-
world studies and 0% to 21% in clinical trials, based on a systematic review>*. Subclinical hemolysis
may be present up to 30 percent of patients receiving high-dose IVIG. Two mechanisms of hemolysis
have been proposed as passive transferring of antibodies (anti-A and anti-B isoagglutinin), mostly
immunoglobulin M (IgM), presented in IVIG product reacts on red blood cell (RBC) antigen,
predominantly ABO-blood-group system. The Ag-Ab reaction activates the complement cascade
followed by accelerated macrophage activity on phagocytosis of antibody-coated RBC°. The other
mechanism includes an antibody demonstrated as a positive direct antiglobulin (Coombs) test (DAT).

Risk factors for IVIG-related hemolytic anemia have been reported including both patient-
associated risk factors (non-O Blood groups, high dose IVIG therapy, underlying inflammatory disease)
and product-associated risk factors (high level of anti-A/B titer). Although hemolysis is usually self-
limited, some patients may require RBC transfusion and rarely lead to serious sequelae complications
such as acute renal failure’.

Here, we report a case of a patient who experienced hemolytic anemia after IVIG
administration.

Case Report
Present illness

A 62-year-old woman, with hypertension and dyslipidemia, presented to the outpatient unit
with bilateral limbs weakness that had developed over a few days. Four days before hospitalization,
she had bilateral numbness in both hands and feet. The day after, she experienced weakness in both
legs with unsteady walking which worsened on the next day with inability to climb stairs. Three hours
before the hospital, she had progressive weakness of both legs which she could not stand up by
herself. Then, she was brought to the hospital immediately. She had no muscle pain, dysphagia,
fevers, bladder or bowel difficulties. She denied any trauma or recent infection within 30 days. She
was currently on enalapril 5 mg/day, amlodipine 10 mg/day, and simvastatin 20 mg/day.

Physical examination.
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At admission, her blood pressure was 143/77 mmHg, pulse rate was 81 beats per minute, and
body temperature was 36.4 °C. There were no signs of heart or respiratory failure. Her Glasgow coma
scale was E4V5M6. Neurological examination revealed muscle weakness (manual muscle testing)
grade 4/5 at bilateral deltoids, biceps, triceps, hamstring, and quadriceps muscles, grade 3/5 at
bilateral iliopsoas muscles, grade 2/5 at bilateral extensors hallucis longus and tibialis anterior
muscles. Deep tendon reflexes of four limbs were all decreased. Sensory examination revealed
decreased pinprick sensation at bilateral all fingertips and toes. Mild dysarthria and dysphagia were
also noted. Other Cranial nerves examination was normal. Other physical examinations were
unremarkable.

Investigation

The magnetic resonance imaging (MRI) of the whole spine was done to exclude spinal cord
lesions. The results showed evidence of thick enhancement along the surface of the conus medullaris
at T12-L1 level with anterior cauda equina nerve root enhancement. No myelopathy, epidural mass,
or hematoma. Mild cervical and lumbar spondylosis with disc degeneration. Mild C5/6 spinal canal
stenosis with bilateral Cé6 nerve root compression.

Lumbar puncture was done- with opening pressure at 8 cmH2O. Cerebrospinal fluid (CSF)
profiles as follows: color: clear colorless, cell count: WBC 0 cell/mm?, RBC 3 cells/mm?, gram stain:
negative for organisms, CSF culture: no growth, CSF- serum glucose ratio: 0.49 (73 mg/dL /118 mg/dL)
and protein level: 138 mg/dL (15-45). Other basic laboratories including complete blood count (CBQ),
creatinine, and electrolytes were unremarkable.

From the patient’s clinical presentation and investigation, especially CSF that showed
evidence of albumino-cytological dissociation (elevated CSF protein with normal white blood cell
count), all of these supported the diagnosis of Guillain-Barre syndrome (GBS).

Management

Intravenous immunosglobulin therapy at 0.4 g/kg/day for 5 days (total 2 g/kg) was immediately
started (day 1%). She received 10% Human IVIG (Gamunex-C®, USA.) (10% caprylate-chromatography
purified) infusion at a total dose of 105 g (body weight 52 kg). The certificate of analysis of the IVIG

batch number focused only on antibody test results was as in Table 2.
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Table 2: Certificate of analysis Immune globulin intravenous human 10% Gamunex-C (Antibody test

result only)

TEST SPECIFICATIONS RESULTS
Anticomplement activity < 1 CH50/mg IgG < 1 CH50/mg IgG
Anti-D Titer 1:X Max 8 <2
IgA < 0.084 mg/mL 0.038 mg/mL
Isoagglutinin (Anti-Al Titer) < 1:64 1:64
Isoagglutinin (Anti-B Titer) < 1:64 1:23
HBsAg Antibody > 0.5 1U/g IgG 43 1U/g 1sG

During IVIG administration, she took her routine medication without being prescribed other
drugs. She had no symptoms related to IVIG infusion reactions. She was sent to physical therapy for
rehabilitation. The symptoms were relatively stable, with no complications.

Subsequent laboratory examinations found that her Hb dropped on day 6" after the beginning
of the first dose of IVIG. She did not have any blood loss, jaundice, or dark urine. Further testing to
evaluate hemolysis was performed on day 9™. The results showed negative DAT, decreased serum
haptoglobin, elevated serum LDH, and indirect hyperbilirubinemia. Urinary analysis (UA) showed an
increased amount of urobilinogen. Indirect antiglobulin test and antibody elution were not done. The
patient’s blood group was A (Al group) with Rh positive. Regarding the DAT method, we used the
polyspecific anti-human globulin (anti-lgG and anti-c3d; National Blood Center, Thai Red Cross) by
conventional test tube technique (CTT). Trends of hemoglobin during the clinical course and
treatment were demonstrated in Figure 1. Results of CBC and other laboratory investigations during

the clinical course and treatment are shown in Table 3.

Trend of hemoglobinlevel (g/dL)

12 12.7

10 10.8 11.1

8.9 2.6 8.3 8.7

Pre-IVIG  dayb day9 dayl1l day13 day15 day17 day21 day38 day66

— Hemoglobin (g/dL)

Figure 1: Trends of hemoglobin during clinical course and treatment
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Table 3: Results of CBC and other laboratory investigations during the clinical course and treatment

Laboratory  Reference
Pre-IVIG Day6  Day9 Dayll Dayl3 Dayl5 Day2l Day38 Day66

Parameters ranges
Hb (g/dl) > 12 12.7 10.8 8.9 8.6 8.3 8.7 11.1 11.5 12
WBC (/pb) 1’1 000 10,100 13,600 17,100 21,800 14,300 10,300 6,900 8,000 8,400

150,000-
Platelet (/pD) 450,000 293,000 263,000 266,000 286,000 267,000 250,000 254,000 210,000 270,000
RC (%) 0.2-2 9.5 9.2 15.3 2.1 1.5
ARC (cell/pl) 285,000 257,600 428,400 77,000 58,500
DAT negative negative negative
TB (mg/dL) <13 3.1 0.7
DB (mg/dL) <04 1 0.3
Serum LDH

135-214 459 190
(U/L)
Serum
haptoglobin  0.63-2.73 0
(g/L)
UA: Blood negative negative negative
UA: RBCs

0-5

(/hpf) 0-1 0-1
UA:
Urobilinogen  negative a4+ negative

Abbreviations: ARC = absolute reticulocyte count; DAT = direct antiglobulin test; DB = direct bilirubin;
Hb = hemoglobin; IVIG = Intravenous Immunoglobulin; LDH = lactate dehydrogenase; RBCs = red
blood cells; RC = reticulocyte count; TB = total bilirubin; WBC = white blood cell; UA = urinalysis.

Decreasing in Hb was recognized on day 6 ™ after the first dose of IVIG which was 1 day after
the last dose of IVIG. Hemoglobin dropped from 12.7 ¢/dL to 10.8 g/dL in the first week and
continuously dropped to nadir Hb of 8.3 ¢/dL in the second week after IVIG infusion (Hb dropped 4.4
g/dL in total). Reticulocyte counts showed reticulocytosis which reached maximal level on day 15"
after IVIG infusion.
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Peripheral blood smear (PBS) showed normochromic normocytic RBCs — with
anisopoikilocytosis, increased polychromasia and microspherocytes, increased white blood cell

number with predominant neutrophils and normal platelet count (Figure 2).
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Figure 2: Peripheral blood smear on day 9™ after first dose of IVIG infusion.
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All investigations supported that acute anemia with reticulocytosis in this patient was
hemolytic anemia from the supporting evidence as following: indirect hyperbilirubinemia, increased
LDH, and decreased plasma haptoglobin level. The patient had no previous history of anemia, no
signs of autoimmune diseases, no clues of hematologic malignancy, no family history of congenital
hemolytic disorder, no new drug exposures other than IVIG, and no infection during hospitalization.
Since PBS findings didn’t show ghost cells, Hb contracted RBCs, Hb leakage cells, or schistocytes.
Then anemia from G6 PD deficiency with hemolytic crisis, and thrombotic microangiopathies can be
excluded. After ruling out other etiologies of hemolysis, the patient had been diagnosed with IVIG-
related hemolytic anemia.

Then, she was prescribed prednisolone 40 mg per day (0.8 mg/kg/day) on day 10" for 10
days with folic acid supplementation. She was given adequate hydration and symptom monitoring.
One unit of pack red cell group O was transfused on day 15" due to fatigue while doing the physical
therapy. She had no further hemolytic complications. Before being discharged from the hospital, her
Hb increased from 8.3 g/dL (day 13™) to 11.1 ¢/dL (day 21*)). She continued prednisolone 20 mg per
day (0.4 mg/kg/day) for an additional 2 weeks. At the hematology clinic on day 38", Hb increased to
11.5 ¢/dL and absolute reticulocyte count decreased from 428,400 to 77,000 cells/pl. Thus,
prednisolone was titrated down until stopped in a month. One month later, the Hb increased to 12
g/dL as her baseline. Other markers of hemolysis (reticulocyte count, bilirubin, and LDH) were also
improved. Her neurological signs gradually improved and she continued rehabilitation.

Discussion

We report a case that well demonstrated hemolytic anemia after IVIG infusion as a treatment
for GBS. The patient had a significant drop in Hb as well as a lot of evidence of hemolysis
(reticulocytosis, spherocytosis, elevated LDH, decreased haptoglobin, and indirect hyperbilirubinemia).
After receiving treatment by prednisolone for one month, CBC gradually improved to a normal level
as the baseline and could be tapered off corticosteroid within one month.

Our patient had risk factors for IVIG-related hemolytic anemia. In terms of patient-risk factors,
they consisted of non-O blood group recipients (blood group A1), high-dose IVIG infusions (2 g/kg/dose
at a total dose of 102 ¢.), and an underlying GBS which is an immune-mediated disorder. While, the
risk factor related to IVIG product was high anti-A titer (1:64).

The majority of hemolysis observed in patients with non-O blood groups showed the highest
incidence in blood group A (range 20-100%), followed by blood group AB and B (ranges 17-42% and
0-29% respectively)’. No hemolysis was observed within the blood group O population in one clinical
trial®. This can be explained by the proposed mechanisms of IVIG-related hemolytic anemia that
passive transfer of isoagglutinin (anti-A/B antibodies) present in IVIG caused direct antibody attack on

A/B antigens of recipient RBCs. Patients with non-O blood groups especially in non-secretor
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phenotypes that have low concentrations of soluble A and/or B substances in plasma have an
increasing risk of hemolysis due to an inability to neutralize the anti-A and/or anti-B isoagglutinin.
With more anti-A and/or anti-B available to bind to the RBC membrane, hemolysis can occur. In
addition, a higher density of antigen A in blood group Al has more strength of the antigen expression
and more affinity of the antibody which increases the risk of hemolysis’.

A high dose of IVIG as defined by 100 ¢ or more in 2 to 4 days or 2 g/kg total dose increases
the chance of hemolysis as an increased amount of IVIG increases anti-A and/or anti-B isoagglutinin
levels present in the plasma. In one study'?, the incidence rate of hemolysis among patients receiving
doses > 2 g/kg was 32%. The study also identified other several risk factors for hemolysis, including
first-time IVIG infusion in recipients, and patients not taking immunosuppressant medications as in
our patient. Underlying inflammatory disease or autoimmune disorder also contributes to the
hyperactivity of the macrophages, which increases the capacity for hemolysis of antibody-coated
RBCs".

Preparation of IVIG by Cohn-like ethanol fractionation in original IVIG products or adding
immune-affinity chromatography (IAC) step in chromatography-based process were found to be an
effective method for reduction in anti-A and anti-B titers by up to two to three titer steps (reduced
by 87-90 % of isoagglutinin level) in the final IVIG products compare to lots produced without Cohn-
like ethanol fractionation or IAC''. Median titers for anti-A of < 1:16 and anti-B of < 1:8 have been
suggested to be associated with a lower risk of hemolytic reactions'?. Our patient received 10%
caprylate-chromatography purified immune globulin intravenous (IGIV-C) known as GAMUNEX-C which
is @ modern production method that has high purity and functional integrity but does not reduce
isoagglutinin®®. We reviewed the certificate of analysis of the IVIG batch number that our patient was
transfused, the test results of isoagglutinin titers are as below: Anti-Al titer 1:64, Anti-B titer 1:23
(specifications < 1:64 and < 1:64, respectively). A higher level of anti-A titer isoagglutinin of more than
1:16 could be one factor that led our patient to the hemolytic event.

We noticed the drop of Hb in our patient on day 6", and the Hb continued dropping to reach
the nadir on day 13™. The total decrease in Hb level was 4.4 g¢/dL from baseline (12.7 ¢/dL to 8.3
g/dL). She felt fatigue which disturbed the schedule of rehabilitation. Thus, she received one dose of
group O PRC transfusion to improve the anemic symptom. Evaluation of the severity of the hemolysis
according to hemolysis grading as per the Canadian IVIG Hemolysis Pharmacovigilance Group'®, our
patient was defined in grade 4 severity since the Hb falls > 4g/dL in pre-IVIG infusion Hb of > 10 ¢/dL.

The patient's timing of hemolysis is consistent with previous studies, occurring from 12 hours
to 10 days after IVIG infusion. One prospective trial found that 84% of cases showed laboratory
confirmation of hemolysis manifesting 5-10 days after the infusion’. From a qualitative analysis'®, a

mean Hb decrease of 4.6 ¢/dL (range 1-10 g/dL) was reported. Similar to another study'® from 86
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adults, the mean decrease in Hb in cases with non-O blood group with IVIG-associated hemolysis was
4.1 ¢/dL (range 0.8-9.6 ¢/dL). The need for at least one PRC transfusion was reported in 589% of
patients who experienced hemolysis. In IVIG-related hemolysis severity, most patients experienced
grade 1-2 severity (59%) followed by grade 4 (21%), grade 0 (12%), and grade 3 severity (6%).

According to the Modified TISS definition for diagnosis IVIG-related hemolysis, our patient
fulfilled the diagnostic criteria by evidence of a decrease in Hb more than 1 ¢/dL plus at least one
evidence of hemolysis even though DAT was negative. If using diagnostic criteria of IVIG-associated
hemolysis from the Pharmacovigilance Group definition, our patient cannot be diagnosed due to
negative DAT.

In our patient, DAT was done on day 9™ after the first dose of IVIG which was 4 days after
finishing IVIG. Most cases of IVIG-related hemolytic anemia have positive DAT as in the diagnosis
criteria from the Pharmacovigilance Group definition. We searched for the explanation for why our
patient had a negative DAT. In a prospective observational study', although 87% of hemolysis cases
had positive DAT immediately after finishing IVIG infusion, only 38% of these patients still had positive
DAT on 5-10 days later. In the remaining 13% of hemolysis cases who had negative DAT immediately
after finishing IVIG infusion, antibody elution against group Al and/or B cells confirmed the presence
of a passively infused isoagglutinin. This can be implied that DAT failed to detect the Ab-coated RBCs
in 139% of patients with IVIG-related hemolysis. At this point, we cannot conclude that the
patient was excluded from IVIG-associated hemolytic anemia because DAT on day 9" could have
already turned negative. Furthermore, negative DAT could not be implied that the patient does not
have isoagglutinins in their plasma since the antibody elusion for anti-A/B isoagglutinin was not
performed.

Despite the timing of DAT that could cause a false negative DAT in this patient, there is also
a limitation of the technique of the DAT test. Although we used CTT method, which is now the
standard method for DAT test, CTT method still has lower sensitivity compared to newer methods
such as column agglutination test. Several factors causing false negative DAT by CTT method include
low-affinity antibodies, low levels of bound antibodies, and poor specimen preparations'’. As a
result, the false negative DAT in this patient may also come from the limitation of the test.

In our patient, we prescribed adjunct corticosteroid as prednisolone for supportive treatment
because of high hemolysis grading (grade 4) and clinically significant hemolysis. The total course of
prednisolone was one month with the maximum dose at 0.8 mg/kg/day. Hemoglobin and other
laboratories gradually return to normal values.

Treatment for IVIG-related hemolytic anemia depends on the severity of the condition.
Typical IVIG-related hemolysis is self-limited, but those with significant symptoms or complications

require supportive management. There is no established guideline for the management of IVIG-
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associated hemolysis. Immediate discontinuation of IVIG infusion is required. Close observation
including monitoring vital signs and urine output is essential to assess the patient's condition and
potential complications, especially acute renal failure. Supportive treatment may include hydration,
oxygen therapy, and red blood cell transfusion as needed. If red cell transfusion is required, consider
giving group O red cells to prevent further hemolysis due to ABO hemagglutinins®!®. Corticosteroids
for immune suppression and/or plasma exchange for removing antibodies and attacked RBC have
also been reported as a treatment of IVIG-related hemolytic anemia™®?

Strategies to reduce the risk of IVIG-related hemolysis include prospective screening in a
patient with risk factors, i.e. non-O blood group, especially A1 and AB, high-dose IVIG infusions, IVIG
using chromatography in the production, or in a patient with prior episode of hemolysis associated
with IVIG. Since the onset of IVIG-related hemolytic anemia is within 10 days post-infusion, it is
recommended to perform CBC screening 5-10 days after the infusion. If there is a decrease in Hb, a
hemolytic workup should be performed, including reticulocyte count, DAT, total bilirubin, LDH,
haptoglobin, and looking for spherocytosis in PBS. Re-administering the IVIG with the same lot number
should be avoided in a patient with severe hemolysis.

Conclusion

IVIG-associated hemolysis is, generally, a self-limited adverse effect of IVIG administration
which may be under-recognized. Clinically significant IVIG-associated hemolysis is rare, but reported
incidence could be as high as one-third in high-risk patients, including non-O blood group, high-dose
of IVIG, and those who receive IVIG using chromatography in the production. It is recommended to
perform screening for hemolysis in high-risk patients. Among IVIG-related hemolysis with significant
symptoms or complications, immediate treatment is required to support the patient. Corticosteroids
are one of the adjunctive treatments that may be of benefit. Timely detection, assessment of severity,

and awareness of the complications are all essential for the management of IVIG-related hemolysis.
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Abstract

Hypertrophic pachymeningitis (HP) is a rare disorder, involving inflammatory reaction and focal
or diffuse thickenings of dura mater. HP can be Idiopathic, or associated with autoimmune disorders,
particularly 1G4 related disease, chronic infections eg., tuberculosis, infiltration caused by neoplasm
eg., malignant meningioma and leptomeningeal metastasis. Neurological manifestations are
associated with anatomical site and severity of pressure effect including headache, cranial nerve
paralysis, eg., facial palsy, abnormal vision, etc. Patients need prompt diagnosis and treatment to

reduce risk of complication and disability.

Keywords: Hypertrophic pachymeningitis, IgGd-related disease, Cranial neuropathy
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wanifleUFeuifisufuauiaun (Caucasian) Mekinian A lévinisAinwndeund dulssmansaea®
uTmdeyaiUls 60 518 nuensUInfsurSesay 72 WuaININTENNINYBIAUUSEAMANRISeYay 55
wavennsau o Teud anzduau andn 1 wazthminan eauldeneu
21msUInfATY

gnsUInsuzes HP wuldnanednuae Taenafionnisuimameiidiaietunesanniosas
67.9 warnue1NsUInTia 5 lasowaz 9.5 (3) TaensiidulsainazUinnaennavaeiinniswanivesie
VUALDIMED1N13ABITA (neck stiffness) dinlddmau Insanmsfinwinuiiiesiosas 1.2
21N15OUNIAVRLEUUSTEMENDS (cranial nerve palsy : CN palsy)

o1mssumavesdulszamanady HP duiusiudwmisazaugunssidulszamgnnaidon
o1msinulaun Wulssamanesd 2 (optic nerve) AuRnUARIUA W lNTRMS oLiLERAUNR, LdUUTEE M
amaﬂﬁl 3,4 158 6 (oculomotor, trochlear way abducens nerves) Lﬁumwsﬂjau, Lﬁ}uﬂizamauaﬂ‘ﬁ' 5
(trigeminal nerve) NM33uAIantuniiaUng, duuszamanead 7 (facial nerve) Summvasluntiuie
lower motor neuron (LMN) la'wn vauanluadyn, yudinan, WduUsramanesn 9,10 5o 12
(glossopharyngeal, vagus tag hypoglossal nerves) nauinunf

M19199 1 annswazeanisuansiinuluge HP Usewnslve Qiu uwaslSuea “

91713 Uszansing Uszmﬂszﬂﬂu UszrngnFaaa
(3euaz) Vet IHP | IgG4-RHP | AU IHP | 1gG4-RHP |  #Ue IHP
N (N=54) | (N=18) | vy (N=70) | (N=14) | viauua (N=18)
(N=84) (N=159) (N=60)
65 45 13 113 22 7 43 13
Uanfisue (77.4%) | (83.3%) | (72.2%) | (71.1%) | (31.4%) | (50%) | (72%) (72%)
FUNM 78 51 16 99 39 10 33 11
WuUssamanes | (92.8%) | (94.4%) | (88.9%) | (62.3%) | (55.7%) | (71.4%) (55%) (66%)
NouAuNIW 13 7 2 52 21 3 N/A N/A
HaUN® (15.5%) | (13.0%) | (11.1%) | (327%) | (30%) | (21.4%)
nianan 33 20 7 N/A N/A N/A N/A N/A
(39.3%) | (37.0%) | (38.9%)
NeURUN T 66 a6 13 a6 26 7 (50%) N/A N/A
(78.6%) | (85.2%) | (72.2%) | (28.9%) | (37.1%)
Fuanuian 15 10 4 N/A N/A N/A N/A N/A
lumhidaun@ | (17.8%) | (185%) | (22.2%)
nalyidn 9 6 0 11 5 N/A N/A N/A
(10.8%) | (11.1%) (6.9%) (7.1%)
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AAUaIuIN 7 (8.3%) 6 0 13 6 1(7.1%) N/A N/A
(11.1%) (8.2%) (8.6%)
DINTVNNY] 2 (2.4%) 0 0 N/A 3(4.3%) | 1(7.1%) N/A N/A

9INMINNIZUUUIZAMNDY

1Y

¥n 2(2.4%) | 1(1.9%) | 1(5.6%) | 14(8.8%) | 7(10%) | 1(7.1%) | 7(12%) | 2/18 (11%)
DOULTI 3(3.6%) | 1(1.9%) | 1(5.6%) | 38 (24%) | 14 (20%) | 1 (7.1%) N/A N/A
B’m’liWNS"]\‘iﬂ’]El
(51 5(6.0%) | 2(3.7%) | 1(5.6%) a2 11 2 8 (13%) N/A

(26.4%) (15.7%) (14.3%)

Yaminan 5(6.0%) | 1(1.9%) | 2(11%) N/A N/A N/A 13 (22%) N/A

*gInsnaentINsTEzaTdadelsa (symptoms during entire course)
IgGA4-RHP = IgGd-related hypertrophic pachymeningitis, IHP = idiopathic hypertrophic pachymeningitis

N15M5995719N18aZN15USZAUNIIARLN

Q’ﬂ'saﬁaﬁa HP S1dudedldsunisasinsaniemsssuulszam dWemaruRaundfiianisnasiu Tng
AT19n1InsIaduUsvamanes liun asanisldnau asanisueadiuiassiuaunudnveanisuesidi
(visual acuity: VA) M52ANTUBLIIUE (color vision test) N15NABNAN Gﬁaﬁ]m’imﬁusumﬂﬁmLﬁ’aiuwﬁ’l e
Swldndnszanm (Comeal reflex) nyaldBuidnsiifinund asansndunazmsliiisesnides n1msaa
LssveIndiens n1suduan nT9vem (eye gsround) Lﬁa@Jé’ﬂwmsmw%’mszmwmmué’mﬁmma'm
AuAuluaNedaani1Ung (papilledema) 3184N1I0TI981NTUAAINIENDIEIUAT (cortical Lobe sign)
U N19ATIAAOMIAINUNNT BIN9NTTA0ENS (aphasia) N19A338 UM (visual field) MIRTIALiien
n1saadeinuelun1sviiAanssy (apraxia) kagAII9319N1EN19TEUUYTEAM 3u 9 ldud n1snsrvaany
wdusevaauauLazy (Motor power) A3ATIRINEND W19 deep tendon reflex) uag plantar reflex 52183
fnsmsasmeliievnanuinundnis systemic disease lfuA nsnsiaresguratnadeytesiin (oral
ulcer) M3aTanIBaymsniaunIosundniay 8115 MADs (aundice) MRt aionsossn
\don (purpura) W3euKAUSIIME T AUTLS NMInsIInTesniay sufsmsaddentmaes Wudu
GaN

fnsteyaananitulszam nusmgaslne@itdeds HP wulrauvgues HP Adadeidungu IHP
Souay 64.3, 1gGA related HP Soaz 21.4 wag ANCA related HP Sesay 2.4 LLﬁ%ﬁ’]LWﬁl’gu‘] RGNS
wagi 1%

Tomomi Yonekawa fnwgaunasiudseinagiiu® lnesiusiudeyagUleianun 159 518 Mdady

9

HP #ausid A, 2005 9ufls 2009 U1 avnves HP Fadeilungu IHP $ouay 44.0, ANCA-related HP
Fouaz 34.0, IgGd-related HP Saway 8.8 wazlloTnszviluuiazngunuintungy ANCA-related HP wuld

v a

Tumengannninnayy 91gainiuazdnden1sniysiume Weleuiu IgGa-related HP Misinnuldun
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rilusmene wazdndennismsmdudiunmdeu sause®? wasdewSeudisusuauindun (Caucasian)
Mekinian A finwndeundslulssmeansaaa® ianauﬁagaQﬂaaﬁquum 60 578 faudt A./.2000 A1 2016
WUI1 HP 1ARN21n lgGd-related HP Sp8az 5 lsanasnidensd nia@usida GPA (Granulomatosis with
oolyangitis) Saeay 17 wirfu Tsa Erdheim-Chester fovas 17 uaziinanmsanidedalsn fovay 5 uas
157 Rosai-dorfman, Microscopic polyangiitis wag Neurosarcoidosis laglunsazlsanula Sesay 3 Auana

a
TuHund
M Thai MJapan WFrench
64.30%
8%
34.00%
30%
21.40%
17% 17%
8.80%
5% 5%
2.40% l 240% 240% 2.40% 3% i
| N M W BN [ |

Idiopathic HP ANCA related HP IgG4-related HP M.Tuberculosis Aspergillosis Neurosarcoidosis related Erdheim-Chester disease  Rosai-Dofman disease
HP

wHuASuaLansanved HP luusswnsing Quu waskSueg??

A15197 2 annpiivhliBeriuanosiunundniay (Hypertrophic pachymeningitis : HP) @2

¥

NILHALTD

Waa
- Jadlse
- lsnfn@enendsamy (Cysticercosis)

1
e 2D

- lsmaesl (Lyme disease)
- lsaevuausssnaunideTAsUlnAanda ( Cryptococcus)
- TsafaweliSautiaeviinead — 1 (human T-cell lymphotrophic virus 1)

- lsmdaenmevannuuaiiisuglaluwua (Pseudomonas)
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lsAnnniiAuiu v3e lsavaeniiensniau

- Tjﬂ‘ﬁLﬁ'm‘ﬁaﬂﬁuﬁmyjiuiﬂauﬁuﬁ 4 (Immunoglobulin G4 - related disease)
- lsavasadensniauvila GPA ( Granulomatosis with polyangiitis)

- lsavaendensniaurinlulasalaln (Microscopic polyangiitis)

- lsadedniauguinesn (Rheumatoid arthritis)

- Tlspwsmeela@a (Neurosarcoidosis)

- 15AULEN (Behcet’s disease)

- nguensluniu (Sjogren’s syndrome)

- viaoaldoauAIuTUIiuSnLEy (Temporal arteritis)
- 1A Vogt-Koyanagi-Harada disease (VHD)
lspuzSaudornuanes

- Iﬁﬂml,%ﬂlﬁaﬁmmm (Dural carcinomatosis)
- Isauleseniiaviuausd (Meningioma)
1 g
- IsauziSarentmdssusaieivauas (Lymphoma)
; ymp
- MINTEETRIL TN TEITdUY W deugnuiin Wy Insess Wudu®

Tsadue

- Erdheim-Chester disease (ECD)

- Rosai-Dorfman disease

- Intracranial hypotension

- msléSuevhumeiidesausaslvdundadussesanu

auvnves HP Anuldl loun
® |gG4-related hypertrophic pachymeningitis: 1gG4-RHP

IgG4-related disease (IgG4-RD) QﬂWUﬂ?ﬂLLiﬂIﬁﬂﬂ.ﬂ.ZOOl LﬁE]WUéﬂ’JEJ sclerosing pancreatitis 717
szav IgG4 luidengeninund® seundins@nwdnunnueativayuinansaiiiiaanuRaunalalunae
a¥o2r Ihun fiu sewtiane sewtnia Uon ln sevlnsess seudimdes vedhdsudeu @udenunslng
Hoydasies lusu® sounlull a.a 2009 fnswudthe HP vTedidnuuraruiaunivendevuauesiu
asﬂﬁﬁwmﬁamwmdﬁﬂiﬂ lsG4-RD Jainsldde lgG4-related hypertrophic pachymeningitis: 1gG4-RHP
Taglufheuneneeiafionmsmsussamidfissegaioidauld 1 1u 3 wievisseoratiszuudugnums
Sniausandie wieluuieseenafionnsmisssuulszamiissegafieniuitouwaznueinsseuudug
AYNAY
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Lu LX wazamz Témusmdoyadiae 1s6a-RHP fanun 33 596® nuiiomsiinulduiniigndo Uan
Aswy Sovay 67 sosaunfeaInsduninvendulsramanes fovaz 33 uazornsdufaandlunnsnd 1
sufemuerniamesenieldud dwiinan Vindlesmus devlnsesdfinnd fugeusniau ieydesios
Rawsiln seuthansuazsouiiaila Isaven 18ud interstitial pneumonia %38 tracheobronchial stenosis
s

nerSAndadivayaaiuanuin IgG4-RD LiAAINNIINTEAU innate immune system diefl antigen

Y 9
Y

Wgsumeuaznszdulvisianigasneni (antibody) Kun1e CDA+T cell uag oligoclonal IgG4+ B cell 7i
Raund vilmannsnszdulnlusuaa (fibroblast) vilviiiniisiia (fibrosis) ®
n53faduaslddnuwasnianersidundn 1 099101159529 serum IgGa FulafiAaulouas
AUz Tul A.A.2011 International symposium on IgGa-related disease lamuALLINIG
Ade 119AIDIFYANYULNNNETINGLAZAI1TNU gG4-positive plasma cell duduluiederigonan
N1589% immunohistochemistry
lnganyslaun1eanensingl (histopathology) 3 3 anwag'” lawn Lymphoplasmacytic infiltration,
Storiform fibrosis wagz Obliterative phlebitis Taelu 1gG4-HP 911uU 1gGA-positive plasma cell #e high
power field (HPF) 11nn11 10 1wad/HPF wazdndiuved 1gG4-positive plasma cell #io IgG-positive plasma
cell samaunnnindegas 40
mstadeanunsawtadu 3 szau loun
1. Histologically highly suggestive of IgGd-related disease lagofuanuuy 2/3 Y0INg15INe LAzl
wé’ﬂgmﬂmﬁuﬁﬂmu lgG4-positive plasma cell Twilawdorta 2 4o
2. Probable histological features of IgG4-related disease
3. Insufficient histopathological evidence of 1gG4 related disease
Tungueiae IgGd-related HP wuin CSF fidnwazla fn CSF glucose agflutnaumindvidesidntes
fszdulusiudnitageniunviondntion orafienléfaud 42 aufls 260 Sanfuriewdans uas TUsinaude
Besudaus 1 auil 112 wad Tnawadarulnaifu lymphocyte (10) 16Tinsdnenlng Della-Torre uas
Anue"? Tagdanisase 1gG4 luszuudseam (Intrathecal synthesis) 1agvin15ms33 CSF 9095U98 1gG4-
RHP 3 518 ilouifuding HP anauvndu 21 118 wud1 msldsedu 1gea Tuhlvdundsiiunnndn 2.27 3
ansusiawdansilugadnaiunsnidadedUie 1sGa-RHP 16 100% lnglinauinidien Tungu HP a1nawme
3uq 16 5% wazdildan 1sGaloc) 7 0.47 ugadanuildlunisitadedUae 1g64-RHP I 100% uaglaidl
NAUINTBLINAEAUY uianmsAnwgUieduauien nsnsInthldunduilonaununsnsanianes
Inendsindudeddzunmsigailunsinwfifiduouiienntuienmnsoanlddunnsgild
® ANCA-related HP
Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitis (AAV) 1ulsanasnidonuns
YUIALANLAZYUIANAIONLEU (small- and medium-sized vessels) laganunsaulsnuvinues antigen
1#un myeloperoxidase (MPO) ua proteinase 3 (PR3) uananniidsannsontsniungulsa lngnguiiny
Uae lelA microscopic polyangiitis (MPA), granulomatosis with polyangiitis (GPA) wag eosinophilic
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granulomatosis with polyangiitis (EGPA) ImaﬁqafmnfjummaawummsﬁLf“"{m%’aaﬁ’mzuwisafmléfﬁgﬂu
sruUszamdunasiazdas Wy lsavaenidonaussannsivasndonuaduaessniau sauduia
HP 19 Tnefidnwasn1ang1diIngmun1sunsnduvsasadonau (infammatory cell infiltrate) waglAnwain
(interstitial tissue fbrosis) lag HP @1aidwen1sunves AAV 16 wasnuitUszumsesas 15 veadUae HP
AANIONURAUINYDY ANCA Tuiden Tnerthelungs immune-mediated HP finunauInves ANCA Tuiden
Taofiglsifennsmaszuudug i anansadmeglungu ANCA- associated HP
fimsfinwlag Yasuhiro Shimojima Tutssmadiiu? sausimgfilhovniende 663 s1eiidady AAV

faustl @..2017 89 2020 TnefinsSuiieuthodu 2 ngu ldud nguildl HP wasnqudlad HP wuily
ngurUhefifl HP wumuynueslsa GPA 1InnI1 uazduWuSHU PR3-ANCA fidunauin saufsdusiudiu
oInsRaUnd Taun mslatudesanas, yiunasdnay, ledasniaunientsueadiunminund

Han1anensInelunguUie ANCA- associated HP 9znuanwarveaisiinUsunasn (massive fibrotic
change) InsunsnTuveasaasnauraiesiabawn neutrophils, plasma cells, eosinophils, monocytes,
macrophages, T cells ua B cells 53UT91ANULEURBABNEULUUTULII (necrotizing vasculitis)

Tunquevae ANCA- associated HP lu CSF aznuwwadLiadenuiuazseiulusiuiige safemunis
\isTureessy interleukin (IL)-6, C-C motif chemokine ligand 5 (CCL5), C-X-C motif chemokine ligand
8 (CXCL8/IL-8) uaz interferon-y inducible protein 10 kDa (IP-10/CXCL10) 1udu'?

® (Carcinomatous meningitis (leptomeninges meningitis)

Carcinomatous meningitis ﬁam’wﬁlﬁljaﬁﬁ\‘lLLW’immwLsﬁjﬂi;j subarachnoid space kagiN1EAANU
8 o uanosdu leptomeninges TnsugiSearunsnidg CSF Idernnisunsnszatsuniudon
(hematogenous spread) vﬁaﬂ'}iqﬂa’laﬂ(ﬂEJL‘i’JJ’l?”fLEdJIEJﬁ:QJmJENIﬂEJmN (perineural and endoneural spread)
wazyinlilAnAudemgsia blood-brain barrier nugUFn1saivesnsiiia carcinomatous meningitis 31
uzt5edanou (solid tumors) $peay 5-8 loun uziSeUen uziSudiuy melanoma Wa9INYOILLLS 1904
@109 1wy medulloblastoma, glioma @uanmnnainuzisudaiden (hematologic malignancy) wuld Soe
ay 5-15 loun lymphoma, leukemia™® m’iﬁgﬁ:ﬂwﬁ carcinomatous meningitis sinidudgaave s
szoging nandefieinimeinsallsanliftnusiayldsunisinumetnesings Tagenmsuazeinisuanves
Juogifusumisvassoslsaduiieniuanngdus

lunque{Uae Carcinomatous meningitis Wuﬁ'ﬂwmzﬁaﬁuaqumﬁﬁﬁ]ﬁfﬂﬁa WU CSF pressure ¢
117131 25 cmH20 Yeway 50, nuwaddialdonuiuiniu Yevay 33-79, wulUsiuas Seeag 80, Wy
nglaasn Jopaz 25-40 FednuaizdsnaniiwiudesenanaNzeRualsdEUNLUATISY
CSF cytology 1u gold standard lun153fiade wuzilidwsaslulsunadiuinni 10 mldiedalonanis
NULTAS NS MNHAINTITMAZAULATDINTEaIFELnlRY lumbar puncture $18n 2-3 A Taemu
sensitivity 70-90%, specificity 90-100%
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N33t
AINTANTIE LR

N1IMTIVAUDINLY WS UAUN1TRAF15TUSSE gadolinium-enhanced MRI fiaulalunisidads
1nNNIINIsuanuABNiawesaues Computerized tomography (CT) scan Tagtanizluusnaiilasadiad
YUIALAN 1 EuUsramanes veuinmi CT scan wansnmldlidniau wu sunglvanuFofuaues [y
#u lunsUssfiusumisasdnuasnsnszaesusldlunsinaunseniulsasuddeaunssnm
Tnednuuzdeviuauastugfnunafiiiuldann sadolinium-enhanced MRI nuldvsuuuidy (linean) wuy
Aaunay (nodular) Wienuaesdnuasniouiu Inenudnvaeiduwuunszas ledosas 60 uazuuy
@ uaranmaseaugiislaesiusiugiie 12 578 Tng Kupersmith MJ uasanse
wuindenudadndlagnunisnuidauazfind Gadolinium veudevuansigsuinanszgnaiussd
(sphenoid wing) Tugthennse nuauRaUnAuTIsdnsmvaeaiealdgiuaues (carvenous sinus) o

wrnzralasesay 40

av 50" TaunededuandifuiaBoriuauosdugafivuiditu udliaunsousn HP awmasie I
lugUengu Carcinomatous meningitis Fnwagfinuan sadolinium-enhanced MRI dnwaszdivd
§Aensny leptomeningeal enhancement T T1 Tngenanuiiu liner 38 nodular wenaniidenansam
wu hydrocephalus I wagifloiUSsuifisussninangy lgGa-related HP wuddnuarnsuudaveud sy
avsadunuunszane (diffuse) unndtungu idiopathic HP (27.8% vs 7.4%, p-value 0.031)
35U gadolinium-enhanced MRI e Urevelnegaig 59 T unuwnndaigainisuindsue
umiinan wardinmdeu wazfernisuanudildiungy orbital apex syndrome 1#finasdansaa
gadolinium- enhanced MRI WU soft tissue enhancement USLIed bilateral cavernous, anterior base of
skull, suprasellar region, left orbit/orbital apex ILa¢ encases the pituitary stalk
Taefinmsnameies foanmsiiuduiiotislunsidadousnlse loun
Lumbar puncture Open pressure 12.5 cmH20 Close pressure 9 cmH20
CSF analysis White blood cell (WBC)14 cell/mm? Red blood cell (RBC)41 cell/mm?
Polymorphonuclear neutrophils (PMNs) 33% Mononuclear cells (MNCs) 67%
Total protein 94 mg/dl, Glucose 55 mg/dL
Anti NMO antibody negative, Anti-myelin oligodendrocyte glycoprotein (Anti-MOG) negative
Anti MPO negative, Anti PR3 negative, ANA negative, Rheumatoid factor negative
CSF VDRL negative, Bacterial and Fungus culture no growth, PCR TB negative,
Culture for TB negative
Cytology: negative for malignancy cells
Anti-HIV negative, VDRL Reactive 1:1, TPHA Reactive
HBsAg negative, Anti-HBs negative, Anti-HBc negative, Blood for cryptococcus Ag titer negative
CBC WBC 7,400 x 10°/ul Hemoglobin 10.5 g/dl Hematocrit 32% Platelet 384 x 10°/ul
ESR 92 mm/1hr
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5UNWA 1,2 uans gadolinium-enhanced MRI Brain §thewielveeny 59 U unwuunndigeinisian
Avwe Whntinantasilnmdounaziionsuansdilaiungu orbital apex syndrome

U 3,4 wans gadolinium-enhanced MRI Brain nasndifUaeldsunisinw e corticosteroid 1l
s3ez1981 16 dUn ladin1shinau MRI
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N13ATIININEI5INGN

Tunsaifigalaildfunmsiteduogiauidn msfadoruaussuinuifaunfifiodsnsanime1ine
MnmsFadoriuauestugs (dural biopsy) ferfumsdnuitléunsgrugeanlunsifiads (old standard)
ﬁm’mﬁ’uﬂu‘[,uﬂfjmg’ﬂa&Jﬁé’aamimﬁm (surgical decompression) ‘Lumjuﬁ%’ﬂmé’wmwlé’wa (refractory
treatment) 3ensaifiasdelsaindonionsi5s Tnun539ast 19G4-RHP uaz ANCA- associated HP 9wy
Snuaeiafinanuiudinuidediasiu

MInsIetviEeIAEELBIuaylvdUWAe (cerebrospinal fluid : CSF)

Lﬁ@ﬁd’;ﬂiumﬁﬁﬂé’aLLemmmmaﬂiﬂsmq 1ud TsaRndessuuUszamaiunans Tsnuzss
lngg dnway macroscopic exam mm'ﬁmmwmuua“maq CSF N13ATI9MENADIgans ALl (microscopic
exam) N1589RTIAN10ALl LauA syunna (CSF glucose) seaulusiu (CSF protem) nsfeuiiende
GI’NE] WU NS890 acid fast stain (AFB), gram stain, Indian ink udu ﬂ’limL‘W’]m“Ua R Polymerase
chain reaction (PCR) nsdiasdeidatalsn, msdemsianiaead (cytology) tileniwagdusise Tunguvog
lgGd-related HP, ANCA- associated HP uag Carcinomatous meningitis 3¢ WuSnwasz CSF fafinaniunudy
Tuhvad19au
N13A329000

nsdansIalagadenanglauiusnene (serology test) dioadeuenlsadug 1oun lsGa level Tng
MIATAMISERU serum 1gGa level Tiduissitelunsatiuayunisidads esnaunsoliinauan
Wenuazkaauiieula Tnglamgluneneiinissniauifregnielussuuissamiesegafusiiiu
ilesanmsdniauenadninegnielu blood brain wag blood CSF barrier m3dsnsaaLiiausnlsa systemic
autoimmune disease oA Antinuclear antibody (ANA), anti-double stranded DNA (Anti-dsDNA),
Rheumatoid factor (RF), P and C-antineutrophil cytoplasmic antibody (ANCA), angiotensin converting
enzyme (ACE), anti-Ro, anti-La Wuduy

NSRRI TN AER 6T 5 loln Venereal Disease Research Laboratory test (VDRL) , Rapid
plasma Reagan (RPR) L 8RTI9%7 non-treponemal antibody Tu serum %5 8ns22 T.pallidum
haemagglutination (TPHA) %38 serum galactomannan Lﬁammmamﬂm’iam‘f@i’l LLﬂzWUﬁ’]Qjﬂw HP
D19UNIINUTEAU Erythrocyte sedimentation rate (ESR) qa%’ulﬁﬂ’izmm Sovay 421

nsdnesduan (Chest X-rays)
Wenlsanszuvdugnliinundlulensiuniele wu nswunsdalulen (fibrosis) Nieanuwuy
wululsafiflilolfievandniau (Interstitial lung disease) lungu §Une GPA sarcoidosis 1gG4-RD usiu

n133nEn

n3§nw HP fwiaummanuag Wy mniinnansiade msdnwaelisufiesideiising
sowdeiiug 1wy mndanveanidetalsamssnuenslrend e talsaidusy
du IHP §9lufinnsvaassuuugulaednguniunu (randomized clinical trials) Tun1ssnw n1ssnwiluy
Jagvunissnulaenisiiafissesd (Steroid) Sudunissnwiaiduusn (first-line treatment) lnglw
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prednisolone 0.6 fiadnsusonlansusoiu Wunan 4 dUam MﬁﬂﬂﬁﬂﬁuﬁﬂﬁaaﬂU%Uﬁﬂ&ﬂﬁﬂiﬁlﬁ%Uﬂﬂ 2.5-
5 dafinfusedu nelu 3 fs 6 Wow uaveradedlvignioauis 3 U anmsfnwimuingiiedesas 83 013
tnfsuzuazensinnfimsssuulszamitundanldfusafesosduuuiuussniu (uinen aglutas
60 i1 80 Aadnsusatw)® ufainns¥auidienislienagiidudu (mmunosuppressive) 31 1Hu
madenlaun cyclophosphamide, cytarabine, azathioprine, mycophenolate mofetil (MMF) 52159015
T rituximab (RTX)

33nwINguEllne ANCA- associated HP $nwilaei3alsf Corticosteroids tulfieniu soundsly
91U immunosuppressive agents tawA CPA, MTX uag MMF Tunsel refractory ANCA-related HP
91aNT RTX 1at

d1lun13¥nen carcinomatous meningitis Sinainwateds Wiua n1sie1eszune CSF Wisanng
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)

v [ (Y a
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A g aa v A = ] - A
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mruaae daulungy IHP waz ANCA related HP Jagdunissnuiiiidunissnwniusu fe nislien
corticosteroid s3ufaeNAYAANTUA199 uonIINLAITINITINYIME uiUIn, eriudn viee1nueInNs
71199 LDAAANNNINANIMUAZITNAMN N In AU
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Association of Sarcopenia and Diabetes Mellitus

Bules nnvaeya

WHUNEIEIAERS H1EN1SWIng AudnIsWmgngyauniten
AMZLWNYAENSAITITNYIUIE UINgIduuiing
Chintrai.tha@mahidol.ac.th

UNANEYD
Anznanailetes waglsarmnuriad 2 vildananuanusalunisviiiaias nanudedy
MsiAnAzusNYuLALIiLERsINNS BT Taeenziiauduiusfulusunes e finusau iy
waziieaTeeiu Wy nsEuIuNTSAEU (inflammation) A2zLA3ERB8NTLATY (oxidative stress) ANEie
auszfau (insulin resistance) adiposity tLag advance glycation end products (AGEs) wenaIN{ A1IvIa
néwidledestiiauduiugfunzunsndouvedsaunmiusndie snnsunsndeureasndenuun
Tug) uagauaLan

4 o/

Andn U 1N umaﬂmmuauaa IiﬂL‘U'Wi’]'Tu ‘INEJ']ﬁﬂ’]L‘lm ANNALNUS

Abstract

Sarcopenia and type 2 diabetes mellitus decrease physical activity, increase complications
and mortality. These conditions are associated in pathophysiology such as inflammation, oxidative
stress, insulin resistance, adiposity and AGEs. In addition, sarcopenia is also associated with

complications of type 2 diabetes mellitus including microvascular and macrovascular complications.

Keyword: sarcopenia, type 2 diabetes mellitus, pathophysiology, association
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NI

\wmuiai 2 (type 2 diabetes mellitus) 1ulsadessfinuldves inainauiaunfvesns
nd9BugAu wazn11zf odugAu' Taa11n Intemational Diabetes Federation” wud1 Tud n.a. 2564
Uszmnnslanfinsianuiummnuiiviedu 537 S1usne Tnemanisalinesdndy 638 &use uwaz 783 &1use
Tudw.a. 2573 way 2588 auandu drludsewelng nmsdrsirguamyssvulnglunisnsiasianie
aadl 6° Augnlsaumvululseyng G'?uwimq 15 YUl leRia1san a1nazen fasting plasma
slucose (FPG) w3o hernoglobin Alc (HbALc) %iseuse Rl sumsitaduazusetidlaagrmil fi¥euas
12.4 Tasmuaumn geandosas 26.4 lugveng 70-79 T wivmwiliAaazunsndounasssun® s Ty
vaondonruaEn wazaualng uenanisduiusiuansinandudetos mnmsmumusainssy
agaluszuu (systematic review) uagn1531AT1eMTI0ANI (Meta-analysis) wuindureiumuiaiig
Avsannziand uideves 1.55 wih eufunguiifdiaaund® uasmingvasumniuiianeng
néuniletios auifiusnsdeTimunnTude 6 wht

amvnanduiietios Ao nmzinanduiieanas vildauuduswendunile wisaussaan
yameanas’ dadunidlunguoinisfiwutesludaeeny? newanduiorzanamuoigiininiu duseng
50 ¥ andnaiileazanas Sovay 8 lunn 10 U wagvdsainery 70 U inandaiileazanasia Sovas 15 Tu
yn 10 ¥° lngnnznand i evosiiuanudssmasnisnnduninds 3 191" uona1ni sail nns
wdeulmresemesidn wuldias wasfiudnsnisdedisly 10 9

uneiuandlidmensfiauazauduiusfuvenisdeinnyl eliAanisnsymlndniy
Reatesiurilsaumuazanzinananietos siufennsunsndeuvaslsaumnu

nalnnsiialsaluimanusind 2 ’Lué’ﬂ'wﬁﬁqumané'wL‘ﬁaﬁaa
1) anvnanaunietesliiinislidnadesas
ndand oansiduetoasiilng i galusrenied funuamlunisldwdsruuasiinig 12
9NN13ANYY euglycemic hyperinsulinemic clamp Wui1 $98ay 80 ‘UEN‘IE’WHaﬂQIﬂa Qﬂﬂﬂﬂ’l“ﬁ'ﬁﬂéﬁmﬁa
ae'? dafudiifamendutedesasiinisliivnatiosas
2) Adiposity
dlonduil sanasazyilwd intermuscular adipose tissue (IMAT) b 1du Tng IMAT 93nds
sy WasuLUas extracellular matrix, USuslaeu free fatty acid (FFA) wHu bioactive lipids, waalUsiiy
wazdas1s inflammatory cytokine 1@u PAI-1, MCP-1 ﬁﬁﬂﬁﬁmm’;:gaﬁwgﬁmﬁwﬁyu1“ Yonani gawuin
IMAT ity Seduiusiu IL-6 way CRP Miiutu viliimudedumsifalsaummmuiiatu’®
3) NTPUIUNITONLEU (inflammation)
ndnilomeiifivuinanas fmsavadluduinniu dealinnumusalumssidnanseyyadase
anas wanseduliiAanssulunssnau’® dsoyyadaszlusumunisganduvesimanglaa viliiaa
dodumsialsauvmuiuty
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4) AMziATnReNdLATU (oxidative stress)
AMzIATERRaNTLATU Bunds maﬁaauqaswdwﬂmﬁm 284 Reactive Oxygen Species
(ROS) uar anasvesruansalunsida (antioxidant mechanism) 8 snanduilefianas viilwan
Ayasnsalumsida ROS'™ dwalmiin nssuniuitdedayaunseduvessiisudugau (insulin signaling
oathway) daaliAalsaumnuldunniu
5) Advanced glycation end products (AGEs)
fin1sfinu systematic review'® Tuauangiaud 30 YAulY wudh Tuiifinmeanandnietdes
il AGEs g ImsJﬂssmumsLﬁ@é‘?ﬂﬁm’1mfwmavﬁﬂﬁﬂ%mﬁ’uiﬂaﬁw‘%a%uu Waswdu Schiff base,
Amadori compounds \Wasudu AGEs FuduanudssiliAelsaumnulg?
6) mazgaﬁusgéu (insulin resistance)
amzmanduietesriliiin msavavvesludulundruidears nsiiivvesnisaats amino
acid lundnanioats uazn1sanasrasdndiu skeletal muscle type | fibers siliinn1agA o dugau?’
venaninnenduileiananinly amslulnaousderhouinnd wesfiunszuiumssnauamaldiin
Amyhodugau wuiu?
nalnnsianiazananduiiledesludiaslsaumauyiaii 2

1) amghedutau (insulin resistance) uag adiposity

a

ﬂﬁ’)z(ﬂ@@ﬂ%ﬁﬂﬂﬂﬂﬁﬁuL‘LJE]EﬂEJLUU{]‘\]?\]8Lﬁﬂﬂ%ﬂﬁﬂw‘ﬂaﬂ@@ﬂﬁLﬂ@mﬁ’l‘“ll')aﬂaﬁllL‘UE]L!@HIUN’LJ’JEJ

=

IﬁﬂL‘U’TW]’TuGUuﬂVI 2 uagn1sil IMAT VILWZLI‘U‘U ﬁﬁJW‘UﬁﬂUﬂ’TJuﬂE]EJu‘Uﬁu ? NTEUIUNITNITONLEU LLau [kl

e

&

vauvesndnieiiauni Tne Jadeiivhld IMAT dudu 1un mﬂaﬂmLﬂaaulwaLLauaaﬂﬂﬁaﬂﬂﬂa Y
FuAu engiundu s
2) NIzUIUNITONLEU (inflammation)

Tsawmnudulsafiieadesiunseuiunsdniau® Imamwﬁaﬁwgﬁuﬁﬂﬁ PI3K-Akt pathway
Ben57en wag dWiun13vhauued inflammatory pathway 19U NF-KB wae STAT3 pathways wludnis
nN3eA U ubiquitin proteasome system?® v liinsaanelusivluwadundu iliuaandudeanas
agnslsfimunsfnensEning ubiquitin proteasome system waznmznanauiietoelnense Selailina
wutn?’

3) AMzlATEARRNTLATU (oxidative stress)
Tsaummnuiimsiiudures nnzeioneendndu?® vili reactive oxygen species (ROS) 111n
3 lunsedfu ubiquitin-proteasome system dwmansdunsaanelusiiundunie®
4) Advanced glycation end products (AGEs)

AGEs wusnntululsaiunmu® da AGEs agihlmAnlusiulundudiodonansiu

dawansznurenisuafivesnduiie Wunszuiunsnay wasaneeisaeondwdu vhlfiAnaizina

nanuilateslomiudu®! danaliusavedndiuiloanas (muscle weakness)®
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5) aun3dluanld (gut microbiota)
aeidaunavesduns dluald vildTarsd ud uves lalnlndugasilsd
(lipopolysaccharides) %qqslﬂvi’ﬂawﬁfu@'aqmaqa"ﬂé’ﬁLf]uﬁ’aﬁaqﬁumsqm%umsﬁw Felsa uazds
wlanuaeuiingsnenie laeg lipopolysaccharides LazEsRwMET %Mﬂizéjuﬂﬁzmumsé’ﬂLaULﬁumw
AodugAu® waznnuduaunavesgauvisludild vili nanlvifuslinansdu (short chain fatty acid : SCFA)
anas waztiial inflammatory cytokine dwaldsausesnandnuie®?

AUFNNUSITNINAIZUIANALD TR LAZAIITUNINGDUVDIUININY
1) AMzUnINYaures vaendenuulnlig (macrovascular complication)
1.1 amzananauiletes funizvasaidionuds (atherosclerosis) TugUasumiuy
MSANINUI BRsINSAA NMeraendenuAIUsaABULTS (carotid atherosclerosis)
Tug sy Sunduludfluandudetes 1inandnisiiuves IL-6, TNF-OL uay CRP vilviity
nITUILNIONLEULAIAnNIENaaRaenLTs (atherosclerosis) nTu
1.2 amzananduiiletey Aulsanasaidenunsdiulatefu (peripheral arterial disease) Tu
AU UMY
% & v & ) a . . . =
AMMzInananulileuss way lspvasnidenuasaiulalsfu (peripheral arterial disease) il
nalnnisiieimdsuiunaisysznis Wy Msinnizisneandintu nszurun1eniau lulvasunssnaiu
L 991191 UNANI 99 (skeletal muscle mitochondrial impairments) N198USINTEUIUNITATNAULLD
(muscle synthesis) kagliunseuIuNITaaIena1uiile (muscle degradation)” dms@nunlugndlsanaen
WenuasdiuUaeiu wazlsaumviiu wudn dnsidsunlasusnaveananuilasesfdiuans dawali
Usgvdnmnisussmivesnaiuiiloanas Lazvilinauiellesanladedu’’
1.3 amratanaiuiletey fulsavaeniionayss (stroke) lugthewuminu
a = val & = v & o ra . .
umiﬂﬂmwL‘UuT,mmemLLazumaﬂmmuauaaagLm:u #1 adjusted hazard ratio walsa
& | o 38 o o v A a P~ I~ Y & v v
waeaianaNes Wity 1.13% lunanduiu dUieniilsavaenienaues dlemaiinnizanandaniletesls
wuiu Ineaugnassnzianduledssiduiusiulsanaenidonanemaniulsanasniionaues 1
LABU HUINDY F888E 50
1.4 anzananauiletes Aulsaviilauazviasniiion (cardiovascular disease) lugUagiuninu
wuluauldiumnu amzinanaudletes Wudadeideanalsarlawas vaondenliindu
1.89 i lsaladumaniiudu 2.59 Wi uaglsanasilowlaviadonindy 1.56 win® Inglsawlalas
waeaiandznulauniudn Tugiinzinandulletdesuazdiusiume® nalninngfiinauiiedes
zlindssraniznedugdulauinnin® uenandiinannisiiiy adiposity kagdin138nLauLs 8

(chronic inflammation)®
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2) AMTUNSNYIUTDY MapALdanIUIALEN (microvascular complication)
2.1 amzmandsiletos fu Tsalniniuimu (diabetic nephropathy)
Arinuesamzinanduiietiosiinndulugtasmiuiiilsalainumau
n15A N bidirectional Mendelian randomization study Wu71 n15anasvesnd1uLdl oduse9A
(appendicular lean mass) Wfiuaadssrasnisifa Tsalaanuminu® venandnnzmanduietos
duspiuauguussvedlsalanniumudnde Taeamzinandmiiletes uadlsalainuu dnaln

4,9 Ayl

naneg193AWYU endothelial dysfunction, protein degradation, fuha protein biosynthesis 1 u@w
2.2 amzmandiietios fu lsmdudszamaniunmnu (diabetic neuropathy)
finsfnwinmadusdudindnlni (magnetic resonance imaging : MRI) fa13 o9U5 100
veandanile (muscle quantity) LLﬁS@ﬂJﬂ’lW‘UENﬂﬁ’]&JLﬁJE] (muscle quality) Wu31® auldiuimnuiidlse
Fulszamanniumau axdiveuiinanezauninvesndmiiefianas waziin1sdinu systematic review
uay meta-analysis wuthelsaummuiilsaduussamanivmu wwilenaiinmzanandwiietios
i 1.62 wih® wanuduiusdumedunaiudalidaay Ls?ia'iwLﬁmmﬂgjﬁgLﬁamséaé’zgmwmﬁﬂﬂmﬁu”
2.3 Amvananannijertes fu Tsaummutusen (diabetic retinopathy)
dns@nuvmuInaugnves lwmuiun svesdiivasnidenadislnal (proliferative
diabetic retinopathy)®! ifiunrandssvesnsifnamzinandmietos luvuedivisnsfine wuin 47
amznanduiletion uaslsauimiu asdimnuynvedlsaummuiurentosnin 2 faiusnaasdosse
nsfnwlueuensaly

#5U

9

(%

A1ILUANAULBUBYLALITANTINUIRAT 2 TANUFUNUSIALIVDINUY NINEAIUNENS AR
o A Ao w v O PR ~ P & v = A A P a
wazladeideanddny danu mndUieiinnsianauiledes vse lsAwmuvilaf 2 33A3505338015A
194918 Ledtaduunarsnuleasualu
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Risk factors and Treatment of Sarcopenia and Diabetes Mellitus
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Abstract
Prevalence of sarcopenia and type 2 diabetes mellitus are increasing. At present, there is no
medication to treat sarcopenia. So, prevention of modifiable risk factors, early diagnosis, and

treatment of type 2 diabetes mellitus are crucial.

Keyword: sarcopenia, type 2 diabetes mellitus, risk factor, prevention, treatment
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St mngigiiaaesneilsiniu vilianuansalumsviisinsonney Wuanudedunsifaymna

MNBALALDATINSHFLTIN UNAINULLENILDaUTLE AL NS NI NTAINUNLIVBIN UVDIVI9EDIN1ILT
eauarrelanseunguanndy

Hasuidesvasnaianiazianduileton uazumanuiiadi 2
1) g1 (aging)

p1gfifind udutedndoeiiddgiigadadenidsronafntannzmandmdevesuay
Tsarumnuaiindl 2 mswdsuulameaisinetluggeeigfiddnyie nsanasesnatazmsvinminives
ndniloans amsnanduniletieswumniunueiganranstate wu agherenisaiuaig (anabolic
resistance) Aondnuiilefesenisnsefumsainslusiu fnadsunlaniavendulenduie lnedseny
sndudulendunieniod 2 aranasissiuiunazauin nisvinureslsinaeuniofiaund dswarons
¥eumasndmioats sty NAD lundiiloansanas ans myostatin Wiy ilrnsasandaileanas
growth differentiation factors11 (GDF11) &s¥iutinfindne myostatin Liindu uenaniiqaunislugl47
Wasuuadlumuegdiduaiunsiadensiaiuaiiadnge’

uanandl egifutudadunalnlunsifaumiueied 2 Wesminnisieuvesudead
anawhlinsndsdugduanas LLaszgzﬁa%uﬁauﬂmmaazaﬂmﬁﬂuné”mLﬁamn%u“

2) sofluuwmalnamelsuanad

spiualnamelsuanasszanndosar 1 wol duusieng 30 T uazdosay 40-70 vasfyed
91930017 70 T Sseduimalnamelsush Tnssosluumalnamelsudisiunsadradulondudorts 2
¥ia Wuravendulendudelnenszdunislinsnesilulueadndunie uasdinssdunmsuisihmonsad
wenaladdndae® nmsalnamelsuindauanudssteniainnzanduiotos fnsavauleiuy
Besionnzduamataziumnuyiing 2°

3) ymlamunns wagnginssuiienils (sedantery behavior)

Tutseng 40-70 T wumsuussyuemsanasiesay 25 ilimdsuilésuanas daaly
dwiinuazanandmiiletion wardsldsuasonmsliiisme Tnsamelusiu Fmiud arsdusyyadass
nsalusiulaidus Jsdenarionnuudussuazaussanimmnene’ varensAnvInuAIEIIAETEIMTYSe
anudssionnzvnasemsluggeengiiiduiumauainisfesas 50 uazdamuanizuinasemisly
Fuasumnunnninguitlifuumu®

Hn1sfnw systematic review Wag meta-analysis Wuiﬂwqaﬂiimﬁaﬂﬁ'\‘i L‘l/‘\ilmmml,?l'mmil,ﬁﬂ
amznandilotiosds 1.36 wih® uazdeyaainnsinu HUNT vesUssmauesiadfiiudeyaunids 117
wunguiiingAnssuiosds 5-7 FaluwieTu uazannnin 8 drlusdetu inaandsainuimauiad 2
unninguiitwgdnssuidlesisiosnit 4 Falusdetu Yevay 26 uay 30 mudsy’®
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4) ANEUIRIANTUA

Fonfiufdsmanosvuiaaziiuuveadulondundowind 2 luffivninduinudule
ndsiiloving 2 dnas wadlufu wasiarieanntu uenanddmusiuinduieadusmmalas Fediuase
natasnueavadnduniodusiszosuan lufgeorgnumsnainmiudldves Wosnvansiads wu nis
d37991nRIanaY InuLaLAnanaY LL@UIiﬂL%@%’WiNﬂ“ NNTANYILUUAAYTIN (cross-sectional study)
ludszimanivia ‘W‘U’J’ﬁuﬂ‘U’Jﬁ'mwﬂﬁNWUSLLUUNﬂN‘Hﬂ‘UﬂTJuﬂJ’Jaﬂa’]llL‘L!EJ‘L!EJEJI‘IJN?IQ@WEJ Tnglsidutveny
el fudlinaniy mmml,aaﬂaaaa quUUVa NMseenindeniy uazerdn'? uenanismuinnsueinidud
duiusiuaussonmnianiefianasdnge'?

10,,25-dihydroxyvitamin D3 nsgdunvaIBugALIINGUseu ANzueImaiuf Feilrnnsnds
uYAUANAS LLazé’qLﬁumsga%wgawhumqmiﬂszﬁumsé’ﬂLau NSANITLUININYINUIINIEVINIANEIY
Aifiumnuidsslsadiuamataziumnuyied 2 uinsAnwiveassuuugununavesnsliimiuifisuiy
gvaentugiedsaummuvidedihomiudslallinauidn'

5) quqvﬁ'
nsfnwiIeuiieuniendannmsfinu SarcoPhAge cohort Tudresaunmndnanielundu

901y Wuinauiiguyvidnnendudetesmnniinguilliquyn’ 236 wih wasnuanznduietos
JULSININNTT 268 111" TagansTeinenaraIsasaleInyms Lsﬁwq'mzt,l,al,ﬁamlﬂé’ﬂﬂé’mLffa Loz
oxidative stress Ingmsavidonsefunisadsansoyyadassyhlidunsamelusilungunidoas

varensanwmuIyvsiudladeidesvediuiminu ns@nwn meta-analysis ’Luﬁszmmﬁﬁu

e

a

W‘U’J’WNVlﬁUU‘VﬁVﬁ@LﬂEJﬁUUMiLﬁENLU’WWJ']UWlEJUﬂUmuLﬂEJﬁ‘U‘U‘Vﬁ 1.38 Wag 1.19 w1 suaiau’’ nalniie
mﬂmamammmm“maﬂamLua msmaawﬂau bbeYE mamamwaaawawamuaau

msshenzanandailetiseualsauvanu
1) mssnwnuulaltgen (non-pharmacological management)
1.1 11999NANAINTY

L'flumsﬂ%’uL‘U?{aquﬁﬂsiuﬁﬁm'mé’mﬂ'ﬂﬂﬁzﬁwﬁquaqmﬂgﬂumwmaﬂé”mLifaﬁaau,as
Tsa wwnu dafumsshwsusuusalunnizinanduietos

1.1.1 nseanmasniewelsia (Aerobic exercise) waglilyuelsla (Anaerobic exercise)

nseenfidsneuelsln dawaidenisauinnia™® vanenaln wu wisluinaeunsds

maané’mﬁamﬂ (skeletal muscle mitochondria) waziiuniswanseenvesiushiu GLUTAR dmsunniziia
néafietes nseaniidimeuelsiatiofinanuudwswenduiien dredumnndlunisiiu (cait
speed), Short Physical Performance Battey (SPPB) LLazﬁaaaﬂLaaﬂiuﬂﬂiQﬂﬁﬂ (chair rise time)?'d7un"3
sonfdsneilifliuelsda finsfinun meta-analysis sewing mssenidsnefifiaududugdluszozinan
§u9 (High-Intensity Interval Training : HIIT) fu n1seanfidsmediianududuiiunaised1eso o
(Moderate-Intensive Continuous Training : MICT) wuinlifianuusnansdulunisan HbA1CH d@rurianlu
nseenidine dhoenmdselugiadn wse 9 fasting state axdvanmaluiuldanindraiu?
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lunquanzinandudedesiinsfnwimuitniseendidsnieuuy HIT Winadna

LL%QLLiwaqﬂé’mLifaﬁumléfmﬂﬂdﬂﬂ&juﬁaaﬂﬁwé’qmaLLUU MICT? wazdsewiin peak oxygen reuptake
(peak VO2) 2 Gsazsadluauiitinandunileton®

1.1.2 mysanmasnelagltusesu (resistance exercise)

nseenmdanielagldussiuseduuiunats Yrefiunisiedesulng (mobility) way
Araudaussvasnduile (strength) vasrthsiuimiu luszepiian 1 9 Tae 6 Wouwsnazeeniidmnislag
THusesugIuIU 3 TudedUait waz 6 Wounas 1uiu 2 Juseduni lageaniidinig 11 v wazvinas 8
~ 12 ads v 3 190? uenandnisesnmdsnelngldusd g IGF-1 intu?’ § IGF-1 9s9aean
amzhedugAu@lavas mssensidimelnelusaiudunmssnwuuuldldeolulsaumm
wanfunisinunsaistesiunmenanduiiotosluitaslsaumueiod 2 ndae?
1.2 M53UUTENIUINIg

nssudsenulvsiulugiidulsaummuasdisauauiniauafiuinand o ® 3
n15Anu1311UsAuTT A Branched-chain amino acid (BCAA) ¥ 184l 1@us5an1Wn19n18 (physical
performance) Auud wsawosndanile (muscle strength) uazuaanduiie (muscle mass)”! Tagiinaln
A® amino acid %Lﬂuﬁaﬂszéju anabolic signal %Qﬂszﬁu mammalian target of rapamycin complex 1
(MTORC 1) waz protein kinase ann15¥1atslusain®? AuwedlsnuInIIunIssulsenIulysiu BCAA 9
Wisinsudseeslan insulin K14 incretin effect® s‘z‘fnéawaﬁiuﬁﬁLﬂuImmenu

JagtusinsAnwau TUsAuaniy (planted-based protein) 1Nt Jdnw systematic
review Wag meta-analysis WU L1UsAuINiY 9288n HbALc way fasting blood glucose (FBG) lannnin
Tsfuandni® uenanisanmnudssresnmaialsaumulugAdsilddulsaumudndas  lu
saziorfuludunnznanduiieves wuilusivanfisuazaindnildussloninonnuuduscvos
nanile (muscle strength) wazsnana e (muscle mass) Tiunnsneiu®

Tugidmiud amgdaiuis duiusfunemandnietios® wazuimiu Safufdiu
wanasmifindailelufitiedinnzinanduiotos winislimiufifssesadeluifivme® nanfe
msinmdanuuariusiufiiieme sudiniseentidiniesiude®

dmsuamnaiasudue fnsAnen systematic review way meta-analysis wui1 nsalasiulyl
Sulewwin-3 a18817 (omega-3 LC PUFA) getfiunaandiunile (muscle mass) wazanuudeusves
n&unile (muscle strength)® dwfulsaiummiuazdisanniizhedugdu uay FPG* daulnslulednd &
n13@nY1 meta-analysis nuinnisiasulnsluledind asdaeiiinsaandiuie (muscle mass) nsiauves
nanile (muscle function) wavthefinnuudsuswesndmie (muscle strength) dlesuusemuwan 12
#ai® dalulsauvnu wuimaedainglulefind asdaoan HbAIC, FBG uazannzhedugiu®

2) mssawwuulden (pharmacological management)
2.1 mslgeasiuu

Haqtudlifinsfusessesluudumedmiunmsdnmamesmnanduniotes msldeesluu

wialn-awnelsy (testosterone hormones) fusglewisomranduiiiouavanuuduswonduifodnaulu
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nquiiinernsesluni uidsslowilungugsengdvlidaiau®™ nsfny) meta-analysis w13l
gosluuma-Inamelsulufrisoiguinndt 60 3 Wuanssoamvsmendlifiuarudusmoanduiio®
uenanilfafidedinigemadrafseinisldeesluumalnamelsy Wy oafinanudsusdsioy
anvIn weuNTU AMwLdenty TIuds lsamlauayvasaion’

Selective androgen receptor modulators (SARMs) ﬁ%;ﬂammﬂaamﬁaﬁaﬂd?aaﬂuuLVIa
In-awelsu nad AR enISIAARUSNLEY an HDL, Sex hormone binding globulin (SHBG) Lags¥Au
gosluumalnawmelsusininslimalnamelsu widslildsumseyialildsnwanzmanduiietos
desnnansinwszozemdilidaau®

2.2 913NNV

2.2.1 Metformin

N9ANWUULARTINY (Cross-sectional Study) Tugftheiuwmiuiiongiaus 65 Jiuly
$1unm 132 518 fnnwananduidetios 38 e nslinszsionnesladain wuin metformin Wutlade
Hosfunmzmandnietios® 91nnsAnen meta-analysis ﬁsmmﬁﬂammm’m 16,800 18 An1zua
n&uiflatiosfenar 18 Awudn metformin Wutiafetostumuiu® nalnfinssnusend e duandly
A5

2.2.2 Sulfonylureas wag Glinides

nsAnelunaennnaesnuan repaglinide wag glibenclamide ann1sas19lusau
uaﬂﬁ]’mﬁy‘ﬁa%amﬂ Food and Drug Administration-Adverse Effects Reporting System (FDA-AERS) WU
inandniloanasiesaz 0.27 911 glibenclamide Weutunguitlalldldengy sulfonylureas %3e glinides
finudesa 0022 lutieszezina 8 (Heu®

2.2.3 Thiazolidinediones (TZDs)

TZDs Unazdwadinonduile nsdnwneund1dnudn n1slé pioglitazone 15
fodnsusetu u 4 Welufredilsndiuams tefuanuannsolunisliesndiauioieme uagmsld
wdsuveandunilears® nmsfnwuuuduluggengfifiiminifu 88 916 Taglisulszmuemsunaodii
wuinguitld pioglitazone $amifusenidimeuuuldussinudidnduiofninguithildsuen Tnew
auuanstamglunang® ogelsiny nadrufesiiddyves pioglitazone folinAudBeves
nszgniin® Seesldednesednseds ilesandthsameanandundetion fnilomannduuaznseaniings

2.2.4 Acarbose
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Development of the nursing process for peritoneal dialysis patients and their families: A
Multidisciplinary Practice Model at the Peritoneal Dialysis Unit at Golden Jubilee Medical
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Abstract

Patients with end-stage chronic kidney failure and those who decide to receive kidney
replacement therapy using peritoneal dialysis [Continuous ambulatory peritoneal dialysis (CAPD)],
which is a treatment method that emphasizes the participation of the patient and family in
continuous self-care at home. Specialized nurses play an essential role in helping to provide
successful peritoneal dialysis care, from giving advice, providing knowledge, teaching, solving
problems and complications, and building morale. According to professional standards and taking
care of discharging patients home safely, our service was provided at the peritoneal dialysis unit with

a multidisciplinary team.

Keywords: peritoneal dialysis nursing, multidisciplinary team, peritoneal dialysis unit
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Technological Society, Perioperative Nurse and Patient safety
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viossnda uaztiaue sMuandnvaziazinuefiduduvesmeuia vesihdrlugamalulad ielamunsald
Finuazvinu Ifegnailuszaniam uazitonadndgegniemnuuaendoveatitae

AdnAny: derumalulad, Anudaendevedile, nerutanieawidn, finyvenansneIuia

Abstract

Advances in technology, Emergence of new diseases and changing way of life are causing the
issue of technology to be inserted into daily life Including a greater variety of medical equipment.
Due to the incidence of unavailability of surgical instruments, Operating room nurses need to have
knowledge and ability. To be able to work efficiently from learning and improving their own skills all
the time. By creating a lifelong learning environment and sparking creative thinking of innovative
technology and quick access to quality information at all times. This article presents trends in the
global health system through the perspective of an operating room nurse and presenting the
necessary characteristics and skills of operating room nurses in the era of technology. To be able to

live and work effectively, For the final results is patient safety.

Keywords: Technological society, Patient safety, Perioperative nurse, Nursing skills
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Abstract

There are many generations of professional nurses today. In addition to being gsrouped by age
group, There are also segments based on behavioral characteristics that are influenced by the current
economic and social conditions driven by innovation and technology linked to big data. Therefore,
people in today's era are classified as professional nurses, Generation C. In performing nursing
activities, it is necessary to work together as a team amidst diversity. Both the characteristics of
different age groups Forms of work including the ability to use technology Such diversity can be a
factor that promotes or hinders collaborative work. Affects nursing outcomes and an overview of the
nursing organization.

Nursing administrators are leaders in setting the direction of nursing organizations' operations
in the present era. Strategies must be used to drive effective teamwork, consisting of 1) understanding
the differences between generations, 2) building motivation in the nursing team, 3) directing the
nursing team towards clear goals, and 4) managing work quickly and immediately. Keep up with the
changes in the era of technology. Understanding and considering the differences between
professional nurses in the health team and drawing on the potential of using the technology of
Generation C professional nurses to help drive and connect nursing practices of professional nurses
in health teams. To achieve the goal of caring for public health with the utmost efficiency. In line
with the digital era 5.0 in the future.

Keywords: Professional Nurses, Generation C, Teamwork, Nursing Administrators
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Abstract

The Golden Jubilee Medical Center is a government hospital under the Faculty of Medical,
Siriraj Hospital, Mahidol University. It operates and provides surgical services at the secondary level.
The goal is to operate the organization with quality according to international standards, aligning the
agency’s policy with the digital age. Through the work of writer, it was found that the management
of the operating room at the medical center relied on the SSB program to record data on operating
room usage. Additionally, telephone communication by nurses in the patient’s room was used to
convey patient information, following the practice were operating room nurses record information
manually. This approach led to several issues and data mistakes. Consequently, the use of the
operating room. Did. Not aligning with its capacity, leading to inefficient utilization of time and
resources. This resulted in patients missing opportunities for treatment and hindered organizational
development that could have occurred from the effective use of available resources. Developing
operating room management guidelines in the digital era to achieve sustainable management
excellence. and the Golden Jubilee Medical Center strategy is imperative. It must utilize digital
technology as a tool to solve problems and develop work processes. Digital technology is used to
manage the operating room appropriately and efficiently. It will help Golden Jubilee Medical Center
develop the organization for sustainable excellence according to its strategy, reducing errors from
operations. As a result, using the operating room is cost-effective according to the capabilities of
resources and personnel, including creating complete satisfaction for service recipients and

confidence in safety and quality in the organization’s operations sustainably.

Keywords: Use of the operating room during office hours, operating room management, Operating

room efficiency during office hours
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NANTENUVAINISEATIUNAFUNASNISUULAISILUULIIAIUY
HONANTIAIATIZINITUDIR1VDILADA
The effect of plasma preparation by rapid centrifugation

on coagulation tests

1

il Foaded’, yAnyad anseliley’

v g

Agua A558lnena’
b 23 gudwnatianisunnduarFadmaliauiuny
AMZIATANITUNE WNINYISuung

tassaneya.cha@mahidol.edu

unAnge

nMsnTalienginsudinvesdendunmmeasumaresu fURnmsidfyuasissiiusgrmisly
msUszifiugielsavaonidenausauazngulsaiilanadonideunduiionsiansunldenazareduident
wanzauuazUasndoregiae ielimedldsunansaaigndeuazsiniiiua sreliivaeldsunssnud
s itedddfnwnansgnusornimeaaunsuisiaresdonanmaiwsunataluuuisseiudae
nstumiesi 5,000 g, 5 U T,ﬂsJLU'%EJULﬁauﬁ’uwamaﬁmﬂﬁ%mmﬁgmé’wﬂﬁﬂmﬁmﬁ 1,500 g, 15 W19l
NnfUreiuzidendivesufuRnsquimaianisunnduazSidmaiauunni qudnisunmgnigaun
Aun AzIImMEmansAITIneIUIa uAnendending ensiansudsiiveaden 1uru 40 518 sening
FounanAuadunay 2566 nansAEnwINUIIA PT/INR way APTT vesnanainiiinienseiBisamudumiug
fuAsunsgu Tnedaduussavianduius () Wiy 0.9995 (95% CI = 0.9990-0.9997, p < 0.0001) uaz
0.9987 (95% Cl = 0.9976-0.9993, p < 0.0001) AUETU ALade PT/INR waz APTT ve93315eauiiniy
WANAIAINITNINTFIU (bias) 0.4 FU wag 0.3 TNT MUaU NMSIATIENTEAU Potassium (K) luwanasin
Fuugnstumisuvusinlddmansznudemadifindonunn namsfnuaiuayus mawisunaiasi
Luuisahusannatlunmswisananash ansoaanaimnsaaluiesujonisludesiuld 10 unit we
msvadevaenndestuIBIAsIL TelinsnunanTTldnatuiiosesiunuuimaiwiunasdiaeis
Azanidu nslanzgUislsavaenionausswazngulsaidlaniadondeundu ldeg1adusednsamunn
By

AddRY: MIRTIIBATIENsLdsivenden, Femmuiavdmsuiitie, nslumies
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Abstract

Coagulation tests are routinely requested as urgent tests by the stroke fast track service
system for effective management of stroke patients in term of anticoagulant administration. In order
to reduce the analysis time and provide quick and precise results, platelet poor plasma samples
were prepared by reducing centrifugation time from the standard procedure at 1,500 ¢ for 15 min to
5,000 ¢ for 5 min and the effect of rapid centrifugation on the coagulation tests was evaluated and
compared to the standard procedure. A total of 40 blood samples were collected at the International
Center for Medical and Radiological Technology Laboratory, Golden Jubilee Medical Center, Mahidol
University from patients who were requested for coagulation tests. The results showed that PT/INR
and APTT assayed from plasma prepared from rapid centrifugation procedure were correlated with
those assayed from standard procedure with correlation coefficient (r) of 0.9995 (95% Cl = 0.9990-
0.9997, p < 0.0001) and 0.9987 (95% Cl = 0.9976-0.9993, p < 0.0001), respectively. The average values
of PT and APTT assays showed bias values deviated from standard procedure as 0.4 sec and 0.3 sec,
respectively. Determination of plasma potassium (K) indicated rapid centrifugation procedure did not
significantly affect cell lysing after centrifugation. In conclusion, rapid centrifugation procedure is a
reliable and useful option to reduce analysis time (for at least 10 min) of coagulation test samples
requested from stroke fast tract service.

Keywords: Coagulation tests, Fast track, Centrifugation
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Boundu Taonslferaasiudeniigniu wielidenanmsonduludesdmiiniadonldidafian mngie
lsunssnwanglu 4.5 Filumdsilonnts 2 agdivananuguusiuaznsgadsls dafnaundnusedu
guamuisnd Sdldfimsiannssuuuinsmsunndaniduiiddn Ae sruutesmesuiiamsdmiugvae
Tsavaanidenaas (Stroke Fast Track) uaslsandsiievilanadondsundudiiniseniuvesadului
#iladau ST (Acute ST-Elevated Myocardial infarction Fast Track)® ifiewfiudszansamnisndeusnng
annMTNINgoU uazanman Mt uinsinyidesamedudentuisanmainnneunsndeu
fidsnadosiortie Fafosedonanisnsrameiesufjiinnsifievszneunisinnsannisldenluliuui
wingauiugUle laun n1snaaeu Prothrombin time/International normalized ratio (PT/INR), Activated
partial thromboplastin time (APTT)” Lﬁ@iﬁLmeéLLazQ’ﬂaaiﬁ%umammﬁﬁﬁu JsinsAnwinisaniian
nstlusedasnnfusoumsdunisuuudineg lutuseunainisuwatain platelet poor plasma
(PPP) Baidutunounsnvesnasiouietrnitetiluiinsgh laedaslinsasideumiugndesoutiluly
Junwnuf i

Chic-Hsiung Kao uazmag lﬁﬁmiﬁﬂwﬁﬁ’amﬁﬁﬂ%ﬂumi"amamﬁaqﬂmisﬁmmL%’Jiauﬁ
Fnafy Saus 4000 g, 5000 g, 6000 g, 7000 g Way 8000 g tuiaan 1 w1t L‘ﬁa‘u%’wqﬁzaznammmiia
poena Fanuinstiumisdasldanugiseud 6000 wazdindn uan 1 it fusinaundadongeiu
pgsiipdRynsana®

v MnuaranzliTsnunanside Weannanmnsiumisslagldnsldiaiostiumios
ausigdlagldninusaseu 7,000 ¢ Wuan 1 uiit anunsaldlunisw3ey platelets poor plasma (PPP)
Iolagldilidadoauasunn uazrnansnmsudsinmesdenlivnnarsainmseseunarauilngisunsgiu®
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o/

ngUszasA
1. ANINaNIZNUVBINITIMTBNNATALT (platelet poor plasma, PPP) 21n6i1881901599 Citrate
blood it uiesiimnungiseu 5,000 ¢ svaznafildidu 5 unfl senansialasmzinisudsivendon Tng
Wisuisuiunan32991n38u1msg1uma Clinical Laboratory Standards Institute (CLS)® ghennsiiu
Wiesdl 1,500 ¢ szpznaiilddu 15 i dewluldeu
2. 1ilpanszezalumsisondied1insald 10 Wit awnsaynisasianisudiveadendiiu
an52eELIalUNSIONANITNTIAALTOISUNSTLAUSNISUUULT IR

YBULVAVDIIOANEN

yhmsadondthemeameviomands o1gsaud 20 BTulU 1w 40 fegs Ailiddnsianis
yinday PT (NR) waz/vi3o APTT agndlangramiimiesd anunndfidmnnynaddnuasaniuininany
BoniiviesUiRmsgudimaiianisunnds quinsunmdnigauniun auzumeransAsuneuia
wAnenSeudina waanfivhuuudansesazlranudugenlunisiiuiiogs azn1snTITasIERnIg
wsmeaden wavaslinmsissiulnumadon (K) Wefnwmansenureanistusuusimuionnieda
Foaunnuairiiu saussnsifuswnundadenindeoglu PPP ionsaaeuduandadesiu PP 13K
widetioandn 10,000 wadsolulasans aunaeisuunandendidlaly pPP? waziNutayaluwuutudin
wazdniuiaslunouines

NIANUIUVUIAAIBETS (Sample size calculation)

INNUITHT UL NS UBITE a1 VINANTITATIINIT WS SveEen PT waz
APTT mhenduduil uaz INR iwnfNiﬁmmgmLLaﬁ%'fjuiaummL%qqL‘vhﬁ"u 40 5789 wazmuUNUNUD
EP09-A3 45 84 Measurement Procedure Comparison and Bias Estimation using patient samples(9)
foghedifien PT waz APTT Undwazfnund shunusiavun 40 feena
AoRnEN

1. inaainsAntaanidnsau3de (inclusion criteria)

fuasmeAmeviomands engiaud 20 BTulY A dnsranisnaaeu PT (NR) uaz/vie APTT
ogslaegamiavdong Tnuwndfidananynedinuaziniuuininasdeniivesjifnisqudinaie
ATLNNE

2. \naeiN13ARanild13uATe (Exclusion criteria)

2.1 fdhaAdenldsunsssifiuandnmeiiansunmg innsiizdeninduideaidesiuidn
waemenn feusidennudeile velunmsanziden dnsedurdilunismiundadudenvansnds
dlosnillemadiozldmedeiifidindosuntunn limnzausenisnsadnses

2.2 nswnsideadildnatlunsiadenuiu Weswnilemafiazldmegeiifiinnsudssiden (Clot)
Turaenden lUwvuNzauAan1sNSIANATIEA
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2.3 USnandeadinzldldiismelunisnsiadnsiezi

WUA79E74 citrate blood (3.2% sodium citrate : blood = 1:9) 91nKU18d9959931AT189N13
wavendensieas 4 ua. 18191NTeANBUENNINSESITIULED (R3E5TsUMTITeLandl 2023/231.1807)
wUsiapEns citrate blood ngtheeidafusenidu 2 dau uiazdrmhluwion PP nsdrumiaily
Huwiiead 5,000 g, 5 Wi Bndnmdailuduniod 1,500 ¢, 15 wift 1h PPP fiwdewldanuszitunsie
A51Z9 PT/INR, APTT Tnea3e93ins1esi CA660 (USEW Sysmex ﬂssmmﬁﬁu) LATATIITLAUI NN AL T 8
(K) Tuwanasn Tneip3eadinszyt Cobas C601 (U3E 15 lawenTuafngd Ussinawesiiu) usiuiwnds
\Fonfiimaeaglu PPP TnglA3adiias eyt XN-2000 (U3 Sysmex Ussinadiiu)

wiasilefildlunsdnen

TLASIENNANTIALAY ©2024 MedCalc Software ANWIAITUFUNUS Pearson correlation 1
FuUsEANS andusius () semI9351AT N PPP 919 2 35 Taeen 1> 0.6, r = 0. 4-0.6, r = 0.1-0.3 MU"BES
AETLSIERULIN Utunans waziies muda1su® warmuuanasesAade (bias) sewing 2 33 Tag

14 Bland-Altman plot TailadAgyf p-value < 0.05 wagtUsuiisuaiiasiziszaulnunades (K) veq
350uvis 2 35 fe paired t-test

NANISANEN

10814 platelet poor plasma (PPP) fildndsainnistu ddwiundadentosnitnmsifnun
10,000 wwadsielulasans ynq feg Aledsdnaundadeaiiviouannistumiss 5000 ¢ 5 unil 4
ﬂ'wLaﬁaLLaz?i’mLﬁmLuummg'mwhﬁ’u 3100 + 2,630 wadselulasans uaziwIouainnistumies 1,500
g, 15 UM ﬁﬂ'ﬂLa?ﬁ"aLLazﬁ’JuijmLuummgmwhﬁu 3,480 + 2,650 waanalulasans

nann1sudaiiveadonaindiesng PPP fimSeunuuiseaiulaenistumiosd 5000 ¢ 5 wad
NUIHAUFUNUS A UNANTIAF D819 PPP ﬁL@]‘%&Jmmﬁ'ﬁmmgmhamsﬂum"ﬁmﬁ 1,500 g, 15 w7 @1
duuszavBvosanduiug () Tusefugaunn r winfu 0.9995 (95% CI = 0.9990-0.9997, p < 0.0001) d113u
n1snaday PT (Fig. 1), 0.9990 (95% CI = 0.9980-0.9994, p < 0.0001) d19115U INR (Fig. 1%) wag 0.9987
(95% Cl = 0.9976-0.9993, p < 0.0001) @%5U APTT (Fig. 1m)
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Fig. 1 correlation of coagulation assay between 2 preparation procedures; 5,000¢, 5 min. and
1,500¢, 15 min. of PT (n)/INR (%) and APTT (@) assay (n= 40)

AR5 PT/INR wag APTT 90435439 liuansineannisunmnsgiu A1nnuuansevesaadesening
2735 39 A1 bias Ingld Bland-Altman plot 98sA@dunaIATIzRdA 0.4 TU9l drusunisnageu PT (Fig.
2n), INR &A1 bias 111U 0.05 (Fig. 2) wag 0.3 U7 dmsun1smagsy APTT (Fig. 2A)
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()
ol I . +1.96 SD
c 1.9
s |
Te) 0O C
Fore
E F ool o ° o Mean
Lo o 0.3
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Te] (o]
s T 1,96 SD
< | [ 1.4
2
'3_| L | ! | ! | L | ! O| ! 1
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Mean of APTT-15min and APTT-5min =S

Fig. 2 Evaluating of bias value between 2 preparation procedures; 5,000¢, 5 min. and 1,500g,
15 min. of PT (n)/INR () and APTT (m) assay (n= 40)

nan1snTIaszisEiuTnuadey (K) Fwiouannistunisuuuiseiuiiaieds 3.48 mmoll
(SD 0.44) Falaiumnsinsanistusmsgiu Ssflradssedu K 3.50 mmol/L (SD 0.43), P-value =0.3125

Table 1 Comparison of PT-INR, APTT, Platelet count, K in citrate blood tubes centrifuged at
1,500 g 15 min and 5,000 g 5 min of patients (n=40)

NIINAFDU (M18) 1,500g, 15 min 5,000g, 5 min p-value
Mean (SD) Mean (SD)
K 3.50 (0.43) 3.48 (0.44) 0.3125

NANTITTEAU K 9ndiegrananainfivonan 2 38 fendudseavivesandusiug () Tussfugsnn
r Wiy 0.9556 (95% Cl = 0.9170-0.9764, p < 0.0001 (Fig. 4n) A" bias iU 0.02 mmol/L (Fig. 42)
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Fig. 4 Correlation (n) and evaluating of bias value (V) between 2 preparation procedures;

5,000¢, 5 min. and 1,500¢, 15 min. of potassium assay (n= 40)

Uszleainldainnisinu
1. Msw3ey PPP 91nn13Uumies 5,000 ¢, 5 Wil Basannainisasiatuiesufufinisludesiule
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2. winUsgnoudunsnaunuluaudug aeluieslfifinis wu nmsameideusudiegns n1s
ATIVIATIEANAZNTTIENUNETISITU Y lAwmdlasunansaaniiitu JUaeldsumssnuiigiu lneans
Adreninmganidu fUielsavaendonaussasndulsamlavindendeundulasgaiiussdvzainuniu

dsduazanusiena

N19NA@8 Uy Prothrombin time/International normalized ratio (PT/INR), Activated partial
thromboplastin time (APTT) Wunsnaaeuiiunmdlilunisuszifiunmznisudevesdenlugtieiiions
adelsmdenvionnzauiaundisunuaunaszuunmsudsiveadoauarnmsazaisauiden wansa
yoamsnagauwaisshluinsanuszneudionislioazaeaudonfivanyausofitiouiarse aiae
Tsadenazldiumanmanazinvudulsedregisdeiiles uiguaensdaniau wu naufiielsavaoniden
aussuaznaulsailaviadendunguiifesnismsnumeenazasaudonogiaseinu ioano1nssuuse
Nnamzanesaiden wagmngtheldsumsinwiniglunat 4.5 Hlumdilonns sstisanensfiguuse

waznsgaydela ?

JEUUUIMINIIMsinmdanidudslssuudameiuiiavdmsudUiglsavasniion
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