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Simplify Anemia Management

Darbepoetin alfa

Abbreviated Prescribing Information NESP® (Darbepoetin alfa) prefill syringes 20, 30,40 meg. Nesp®, Novel Erythropoiesis Stimulating Protein, Indication: Nesp® (Darbepoetin alfa) is indicated
for the treatment of anaemia associated with chronic renal failure and cancer patients. Dosage and administration: The recommended dose for chronic renal failure patients, The initial Nesp®
dosage by SC or IV administration is 0.45ug/kg body weight, as a single injection once weekly. For patients with non-myeloid malignancies receiving chemotherapy,the recommended initial dose
is 500ug or 6.75ug/kg body weight given once every 3 weeks as a single SC injection. Alternatively, once-weekly SC dosing can be given at 2.25ug/kg body weight. If the response is not
satisfactory in terms of reducing red blood cell transfusion requirements, the dose should be doubled to 4.5ug/kg given once weekly. Contraindication: uncontrolled hypertension, known
sensitivity to products derived from mammalian cells, and known hypersensitivity to darbepoetin alfa or any of the excipients found in Nesp®. Precautions/warning: iron status should be
evaluated for all patients before and during treatment, supplemental iron therapy is recommended for all CRF patients whose serum ferritin is below 100ug/L or serum transferrin saturation is
below 20%. Interactions with Other Drugs:No evidence of drug interactions with darbepoetin alfa was observed during the course of clinical studies. Adverse Events: In CRF Patients reported
in + 5% of patients treated with darbepoetin alfa is hypertension, In Cancer Patients common adverse events is fatigue. Storage: at 2°C to 8°C (Refrigerate. Do not freeze). Protect from light. Do
not shake.

Further information, please contact

Kyowa Hakko Kirin(Thailand) Co.,Ltd o mnomg durbmilfimmzanuwea wmdasdaammanslin
323 United center Building, 20th fl.,Room 2003B Silom Road Tsasnimeazidoaiimdvhuonasdudmivauysoiuazionmsmiue
Silom, Bangrak, Bangkok 10500 Tueygn@luvonavi udl. 81/2555
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AMNZEAN I UUVITSINNLOUAVON

L4 C4 d
naawed aysal, Tamar Tnseuw
aimlanla anzunnemans s inesusTsnmans guisodn

unAago

miﬂandwrﬂm (kidney transplantation) iU n“Jumﬁnmmmgmﬁﬁwﬁ\ﬂuﬂﬂaﬂﬁﬁmaﬂmwL%a%“\mﬂzqmﬁw (ESRD)
fhefildsunmsgnanelanuidsannssesdinuazaumndinidng dafeuiufiheildsunaihdanaunlaseis
B thgtumsgudslaiildsumsgnie wohmsianmzadalauuidesennusuiiued (chronic antibody-mediated
rejection; CABMR) iuan maaAysBNINMLEeEIn Tranme cABMR @atiinmssn Lc\mﬁialmﬁiﬁ%’unﬂiﬂgﬂdﬂﬂaﬂwoﬁaLﬁao
M7 B cell way plasma cell QNNILAUANEIZDY allograft endothelial cells 1#%a%19 donor-specific antibodies (DSAs)
Tasmsnszfuaasmaisu viliAewendammiilauuuans Ae transplant glomerulopathy e1msuazeInsuans aulua)
fthesinazdl proteinuria uazmavheuzsslnanay dumyidedslfinausinia The Banff classification 2013 Fesipedl
ﬂinﬁy’\‘i 3 9 [dun morphologic evidence 983 chronic tissue injury, evidence of current 130 recent antibody interaction
with vascular endothelium ay serologic evidence of DSAs mstlaviutiuihdanuaAnain Qﬂaaﬁﬁmmﬁm LU
{heiidl DSAs rsuugnaela §ihefl ABO incompatibility #owwi desensitisation Llaflasfiumsiintie acute ABMR
uaz chronic ABMR shumsinniisimnziiiaiianiz chronic ABMR luflaqifudeyadslidaieu udaunsalimssnmn
wiloufunme acute ABMR 1# uenanil mslimssmnmamnsiitellaildsunsignawagunuiign Taud muew
ewsiulafinlvegluinnsiund nsldnagiifivenzan maviughiufiaedssmsfudssmuniishiausuazgndes
mingihefiradsegedannzadnlnenansiafontiodnnsasn DSAs uazmsvi protocol biopsies tiaAflady

uazl#ns$nen cABMR I@i52au

AanAny: NmraanlauuLEesy uouRUa, donor-specific antibodies, M3ugne1ela transplant glomerulopathy

unu

ﬂ'li‘i.lgﬂd’lﬂlﬁl (kidney transplantation) Juifun1s5nm
mm‘sgm’“s%’mﬁo‘lu@ﬂ’;ﬂ*?iﬁmaﬂmwL%"a%’qizﬂzqmﬁw (ESRD)
fiheiildsunsugnanslawuhidasmssendiauazammmw
Fmidand Wosuiufieildsunsihanaunuladeds
fuq' anmsfnETeY Wolfe uwazamy’ Wisuiisudnnis
melugtheivh dialysis 228,552 au, Jheiisamstgnaala
wazh dialysis 46,164 A waz§thefildsumstgnaelaan
fuinefidedin 23275 au wuhgtheiildsunmsgndeln
fidmnadedinedusielmiigada 3.8 e 100 patient-years
\feuSuifisuiunguiihedivi dialysis uazngugiheiisens
Ugndhelauazih dialysis Ao 16.1, 6.3 D100 patient-years
AR Purnell LazAue’® iNSANBLUL systematic review
Lﬁﬂ@ life participation‘zla\‘lﬁﬂ’m ESRD (Usznause physical
activities, travel, recreation, freedom, WAL work outcome)
wuhihefldunsUgnaiele § life participation Andgile
fivih dialysis

agiulaildsumsugnanelifugieasnsaieu
Tduunndu svannswauinedumaiianiinga

anudriuldvasideidofidtunaznsiienagidutuds
Uszinsnminnduanmsfinezey Matas wazamz’ vhns
Anmlugiieildsunmsgnaieledldsulanuiunit 10 ¥
Fu 2,20298 WuhdamMIseadinveslafideaunsarinnu
a%ﬂé‘f 1 25 1 (actuarial 25-year graft survival rate) ‘Luﬁﬂéﬁ'ﬂm
NngusNATiEaiFines (living donor recipients) uaz {lé3uln
mﬂ@'ﬂ%m&]ﬁtﬁﬂ%’?m (deceased donor recipients) fa Saas 43
waz 27 mwady swmgivih g delaanniigadensids
#FAmnnlsndudovas 51 Tu living donor recipients, $opas 53
lu deceased donor recipients 999AINIAB chronic rejection
(JTI’JZN&'@]I@ILLUUL%@%’G) Yawaz 26 U living donor recipients,
Ypwaz 28 Tu deceased donor recipients ﬁﬁﬁunﬂﬂ: chronic
antibody-mediated rejection (CABMR) F9lAMNEIAUNINGD
danmsseadinvevlnluszozamlutiagiuuumslunsinm
amsiifefianunanuanslidany Fodufinnzssmmumu
anufinmsasell Seiiimquszavdienumuanudizims
el cABMR sawsisznainen wendiniin wendanmaeln
DINNTUAZDINITUEAY MUY AaDAIUITNNTINET Ay
matlesiufishany
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s:uadné (epidemiology)

Chronic antibody-mediated rejection (CABMR) @g
mzadnlannnszuaunssniauiiinetnsse lasTnundduiu
fiTimnzaelaiildsunisugnais’ wulduszanuiesas 60
YNNG late graft failure NNNIANE multicenter study®
iotszifumendanwmsle Tufihefifinnie late-onset graft
dysfunction 91U 173 TEWUININTE cABMR fvdauay 57,
#3733 Donor-specific antibodies (DSAs) SpaaT 41, ATIAWU
C4d positive $oas 39 WaswUiiTg DSAs Was C4d Sowas 23
Tnegieuszanuedwmileiinsgadsladldfunsugnane
(graft loss) melu 18 Wausnmadnunuilefinugl late-onset
graft dysfunction wuinsaeay 63 189K cCABMR Laz
wiloludougfihed graft loss Moty 3 T° msAnmwas Wiebe
wazAuz’ MUTWETHY 315 Mefifianuididennzadaln
(n32alaiwy DSAs dawhn1stgnenale) Tasfnamavh protocol
biopsies kazm713 DSAs luiian Wan1SANEWLILAA de novo
DSA (dnDSA) 47 T Asifluderar 15 lapszaziiaais
f15uATI9Wy DSA fp 4.6 7 wé’\amiﬂgnmfﬂm (@nadisu
ATITWUAILA 6 B9 130 Wiew) Souas 94 89 DSA (i HLA
class Il Taafl median 10-year graft survival lunﬁiuﬁﬁiﬁﬁiwu
dnDSA ¥ewaz 59 Winuiungudliny dnDSA $ouaz 96
ANNLEBINSIAR dnDSA reudgnaneln Ae euies uaw
{972 Human Leukocyte Antigen (HLA) mismatches
wnlasiawie HLA-DRP1 &aumnuidoenisiin dnDSA
movasignanela fe msiusnlbishiauaauszsvannagiily
Wdenariiuly wuedsdsiewas 49) lugdthefinsiawy dnDSA
snansouvslénfu 3 ngu Toun ngadi 1 (14 Tu 47 1) 7 acute
dysfunction fa iamelu 2 Wau wuidesay 80 §i C4d
positive) Foviavuafuenlaimiiane, nguil 2 (15 Tu 47 30)
§1 indolent dysfunction @e infiszEzANUINNT 2 LHau

Interaction of antibodies with
cell-surface antigens

A

O OCSa
CSao O

MHC or other
Antige

2 VWF

£ P-selection 4 Tissue factor

4 PDGF

2BCLXL 4 DAF

#BCL-2
4CD59

Thrombosis

FGF
& Proliferation

Complement component

4 Chemotactic cytokines and chemokines
(IL-10,IL-8,CCL2,CCL5)

Leukocyte migration

Resistance to complement

(wundeas 39 § C4d positive) LLazmg:uﬁ' 3 (18 Tu 47 718)
fimshoueslnaeil (wuihdeuas 57 § C4d positive) sunga
filsif dnDSA Wy 268 T8 §i 55 318 71§ allograft dysfunction
Andusesas 20 ﬁ!\iﬁmmﬁﬂm recurrent glomerular disease,
cellular rejection, LWa¢ BK virus nephropathy ﬁJ’mﬁg\‘muﬂ 315
Mewuhgydy graft 22 M8 swsaulng 14 91ef dnDSA
Tawaulng) 10 Tu 14 #f dnDSA fiswmman cABMR 38
Anifiusonas 71 Awdefilsisl dnDSA gadeladldsunsgn
dwmnmmqﬁu TAun IFTA (Interstitial fibrosis and tubular
atrophy), cellular rejection, diabetic nephropathy iaz BK
nephropathy

weansmida nasmsditiuvovlsa

cABMR sfntAnndenistgnaislaluiuszozwile
nenSanneedlalu cABMR aswudnusasaay Transplant
glomerulopathy (TG) Taswendmifiadadninannsii B
cell uaz plasma cell gnnszduliasny DSAs Fuan®
(;JiJ'ﬁ 1) ntufimsduiuzes DSAs ez class Il HLA
antibodies) AUHLA class | LLag class Il (Human Leukocyte
Antigens) #38 non-HLA antigen U1A989 allograft endothelial
cells (EC) TuszrzusnhIWinadniay mMsuineevload oy
#umenaln @ 90 antibody laumse duAU cell-surface
antigens Qﬂﬂﬂﬂ‘sn‘izé’u complement (W1UNY classical
pathway) Insiams Clq uas C4d alloantibodies S9N
funsiin TG Tu cABMR 38310 cellular Fc receptors %38
wasniwiliiinnsdniaulae Inflammatory cells finee
Fofinaiintr wassaiiles amIdenusioasiviai§y
uifindusansaizduplication 289 glomerular basement
membrane (GBM) LLE\]Sﬂﬂ'I‘SLLEmLﬂu‘lflmﬂ‘i%’u“llﬂ\‘l endothelial
cell 98y peritubular capillary (PTC)

Capillaritis

FcyRlll

Cba or C3a receptor /\ FcyRI
g Py
IFN-y 4 .
TNF @ —f
Granzyme B . FeyRIIB

4 Adhesion molecules
(VCAM-1,ICAM-1,E-selection)

4 Chemotactic cytokines and chemokines
(IL-1B,IL-8,CCL5)

Leukocyte migration
and adhesion

JUN 1 uaavivwendiiilngey donor-specific antibody-mediated endothelial injury 68 renal allografts Ainaanan Farkash and Colvin®
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masnifiuzaslsaudeoanliidu 4 szas™ wisgnaeln
32zuINfinINTIaNY dnDSA fiau SelifnTasuuday
gpanendannle sspsiisoenuidl PTC fimsasanzes Cad
(ﬁ\‘) dh split product 11 C4b) By Lﬁﬂmnﬁmim:ﬁu complement
HIUNY classical pathway & cABMR #i C4d negative
ForAnshunalnduiilales complement szasinwufimssniay

U8V endothelial cell N9 glomerulitis LLag peritubular capillaritis

Graft : +/-C4c, capillaritis. glomerulitis...
1

Blood : De Novo DSA

MTzprivilvuazaavazd i uanveIn1s (accommodation)

v
& @ a

srpsfianfidnsusnendsnmwoaslnuunies fe TG vl
IFTA (subclinical rejection) wazszeeia graft dysfunction
finauiingunoy creatinine wazamanwulusiuluilasizinUn
(clinical rejection)ﬁgﬂﬁﬂsﬁﬂiﬂﬁoﬁ’lLﬁuﬁialll ﬁ%ﬁﬂﬂg\j graft
loss Tuﬁqm (;J‘lJ“?'i 2)

I v

Clinical : graft dysfunction

e
Graft : Chronic pathology (TG)

Transplant
Accommodation

No C4d With C4d

Time (not to scale) ——»

Graft loss

Subclinical

JU 2 uaAvilv natural history 989 chronic antibody-mediated rejection finlLUavsaN Colvin'®

wensamwuovla

1. N13ATIABNE DIaNTIAUSIINAT (light
microscopy;LM)"

Glomeruli : TG Aednunuziinulanfigases cABMR
FainANeY TG Ao § duplication W38 multilayering T
289 GBM (@1nni3peas 10 289 glomerular capillary loops
Wulddaindondie PAS w3 Siver (sUnwii 3) Taedilsis
ANBULIANIZTDY de novo %IB recurrent glomerular disease
wInNANEULIDY chronic thrombotic microangiopathies (TMA)

Tubule lfidnsazIaME WU tubular atrophy 81392WL
LL'IJULQWW317i‘VI%E]ﬂig‘:ﬁ]ﬂiﬁ?'\ﬂﬁﬁlﬂﬁlﬁtﬁﬂﬁnﬂﬂqiﬁ tubule
PALEDA Lﬁﬂ\‘i"@’]ﬂWﬂ']%ﬂﬂ']W‘ﬂﬂ\‘i PTC was glomeruli

Interstitium [Nf&n®UzI@WZ UAlu cABMR 92198
fibrosis [@upy wazwuimmendanwazlUlumeideniui
N134AA tubular atrophy LYY fibrosis ¥WUH mononuclear
cell infiltrate Tevanuany ﬁg\‘i small lymphocytes, plasma cells
LLAC mast cells

PTC : fiwegndanm 2 wuuiiduiusiu cABMR athe
BFALaU An multilamination 89 PTC basement membrane LLag
capillaritis aehvlsima MsUszdiu multilamination ﬁmmmu
A13U921HUAN electron microscopy (EM) PTC mononuclear
cell capillaritis Tu late biopsies WuNFNWUETALRUAL DSA,
glomerulitis LLlag C4d deposition m\‘iﬂ%\‘im'««vmwwuﬂ%mm
289 PTC anay %ﬁﬂ'ﬁﬂﬂﬂ\‘i‘ﬂﬂ\ﬁﬂ’ﬂuﬁuq LUy PTC per unit

area W late graft biopsy WUIN&ANWUSHU interstitial fibrosis
WAz graft dysfunction fixnduuslaildduwusiu cABMR

Arteries : arterial vascular stenosis (Husnuuziaw
ﬁLQaiu late graft rejection ‘[ﬂsmmﬁyﬂulﬁmnﬁv’\a antibody
vin T cells vipvivg fimsldidfivainvats Tdun chronic
allograft vasculopathy, sclerosing transplant vasculopathy,
graft atherosclerosis LLag transplant arteriopathyl,ﬂu[;fu

2. NSATIANILNABY immunofluorescence (IF) %38
immunohistochemistry (IHC)"

Glomeruli : 3NNSANBIWUINANTRLENDDY C4ad
WWndoumann GBM wealddopar 6 nmsdean IF ldwy
MIazaNYey immunoglobulin Wiawulddnties wniiu Igm
8199=WUT mesangiumuaznasn GBM [6ithy

PTC : wuiimsazanany C4d [dszanadonay 50
DN graft ﬁLﬁ‘;lu transplant arteriopathy #38 glomerulopathy o
fRnuUE pattern WU linear WA circumferential ({gﬂmwﬁ 4)
wiflounvly acute ABMR mafi C4d finszanil capillaries
anavn1dlaTUNIINNITAARNTDY antigen expression,
endothelial complement inactivation, complement fixation by
the DSA avelUuaz/3e loss of PTC

3. NMIRTeRIENdaIganTIAUBIaNATaU (electron
microscopy;EM)"

Glomeruli : fimstasuuaswe ultrastructure (g‘ﬂm‘wﬁ 5)
NUANBUZAEY TG Usenauaqy glomerular endothelial
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swelling, subendothelial widening Wag GBM duplication

@ @ . . . g .
Tazpnawfiudy multilamination 289 GBM 1 capillary lumen
Ts1#iu basement membrane iYnf 2rawuUaNBULIUN
LaAVivN1U1AL5UBY endothelium [AWn loss of the
normal fenestrations, mesangial matrix [WNTU UNASNIWLINH
mesangiolysis §i focal effacement 98y foot process #3pa19
zfunuy extensive 16

PTC : wuaN&0ILas basement membrane multilamination
Falalléiu pathognomonic &5y ABMR Sefimafineniievn
ANNINUWIZWLIN severe PTC lamination (lamination wous 7
Fulu 1 capillary uazeoud 5 duly 2 capillaries) # positive
predictive value 115U cABMR 3pwaz 50usattwuingd Cad
positive 38 capillaritis TWilnivaninnain cABMR WNdu

JU 3 uamedneureedn1siin duplication w3a multilayering V99 289 GBM tlandas PAS uaz Jones silver stain. (83LAT1ZMATWIN

WALUN.§FU WFIBBWE AULUNNEFTRNS NNINRBNAAR)

o 25N
2 /" Y .
0 20s it

UM 4 usAy C4d deposition i glomerulus uaz PTC lapn1sdandiedl IHC (euemsiawan wruw.gdu 1997998 Ansuwnemans

WINERUNTAAR )

zﬂﬁ 5 31] electron microscopy waas Wi glomerular endothelial swelling, subendothelial widening W&z GBM duplication (41%),basement
smembrane 989 PTC & multilamination (31) (agmsﬂ:ﬁmwmn WELUW.§ U WIBBWE AUZUNNEAERS NiInenaBNfing)
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oxmslia:oxmsiiaav (Clinical manifestations)

cABMR wuldipevadsmsugnanalaly 1 1 wupnugni
51 fle¥aaz 20” omsazAedudesly wazliwwizianzas
(1) Usznausiy proteinuria usnsiinuldvss Ussano
ASOWiNA proteinuria ¥NN9Y 1 NFNABTULATEIRIZTWY

nephrotic range proteinuria [aa2ulungn1svieuzeela

Snazieundlapsdesiamnsomamvndumedunela

msdUuodd (Diagnosis)
Chronic, active ABMR #inausinsitiasdaumy Banff
classification 2013" Tagwusiv 3 Famuansed 1

A5 1 1nawrinms3fiadun1az Chronic, active ABMR sy Banff classification 2013

aa v v Q"l ¥ _ac
MIAIUIRDADIATIIWUNNG 3 D™

1. Morphologic evidence of chronic tissue injury, including one or more of the following:

e Transplant glomerulopathy(cg>0)°, if no evidence of chronic TMA

e Severe peritubular capillary basement membrane multilayering(requires EM)®

e Arterial intimal fibrosis of new onset, excluding other causes'

Evidence of current/recent antibody interaction with vascular endothelium, including at least one of the following:
e Linear C4d staining in peritubular capillaries (C4d2 or C4d3 by IF on frozen sections, or C4d>0 by IHC on paraffin sections)
e At least moderate microvascular inflammation ([g+ptc]>2)°

e Increased expression of endothelial activation and injury transcripts (ENDATS) or other gene expression markers of
endothelial injury in the biopsy tissue, if thoroughly validated

Serologic evidence of donor-specific antibodies (HLA or other antigens)

For all ABMR diagnoses, it should be specified in the report whether the lesion is C4d-positive (C4d2 or C4d3 by IF on frozen section; C4d>0
by IHC on paraffin sections) or without evident C4d deposition (C4d0 or C4d1 by IFon frozen sections; C4d0 by IHC on paraffin sections).
In the presence of acute TCMR, borderline infiltrates or evidence of infection, ptc>2 alone is not sufficient to define moderate microvascular
inflammation and g must be > 1.

Lesion of chronic, active ABMR can range from primarily active lesions with early TG evident only by EM (cgl1a) to those with advanced TG
and other chronic changes in addition to active microvascular inflammation. In the absence of evidence of current/recent antibody interaction
with the endothelium, the term active should be omitted; in such cases DSA may be present at the time of biopsy or at any previous time

posttransplantation.

Includes GBM duplication by EM only (cgia) or GBM double contours by LM.
> 7 layers in one cortical peritubular capillary and >5 in two additional capillaries, avoiding portions cut tangentially.
While leukocytes within the fibrotic intima favor chronic rejection, these are seen with chronic TCMR as well as chronic ABMR, and are

therefore helpful only if there is no history of TCMR. An elastic stain may be helpful as absence of elastic lamellae is more typical of chronic

rejection and multiple elastic lamellae are most typical of arteriosclerosis, although these findings are not definitive.

mssnw nasmsdooiu

flavan cABMR fiwendiifinannsa$y alloantibodies
Tnslawnz DSAs dvanvaziiinldvivisunisgninslanio
wavgnanalafild madnelunduianfiil DSAs founs
Ugnanela Ao m3tlasiumsiin acute ABMR Lilpsnanz
acute ABMR \fluswgiidrdysevnisiin cABMR Tapnis
SnwmanlutlagiiuAemavi desensitization Svazaieilaviu
m3uianie acute way chronic ABMR™ Tgur sl high-dose
intravenous immunoglobulins (IVIG 2 n3usaflansu
ANNNNIANENYAY Cedars-Sinai Medical center #3an19Mn
plasmapheresis $IuAUMSW low dose IVIG (100 fadn3u
saRlansunaun139n plasmapheresis usiazass) M3
Anw289 John Hopkins Hospital uananil s nmsdnswey

Stegall uazaniziin3li eculizumab fionauuazvasmstgnieln
Iu@'ﬂ’mﬁ'ﬁ DSAs positive Liia acute rejection 3988z 7.7 Wipuiu
ngueuANIindopaz 41.2 usedwlsfimadednnaly 2 1
wavmsdgnanalanuifigammaiin cABMR liduansieiu
Tufiemoangn dudUsfid dnDSA mewdsmsugnasla
FopaduiusUMaIAn acute ABMR asl@sumasnenlums
WUIMNM3NENEMSL acute ABMR Tunsedifinsaanwusi dnDSA
uAliwudnsidaumaiviueesla (stable allograft function)
Tuilyiudbifidayatamuhazdodimssnmathelsnanss
AnAuszauzey DSA wazaTfnmanesanweaviiobaln
Taun3vih protocol biopsy an1aazaelunmsdniulanissnm
daumsileeiis 1w M3l rituximab, eculizumab wazmMsyh
splenectomy tunuilal@finasianisiin dnDSA
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iatAn cABMR wah Tumenquiiismssnunlailsinm
acute ABMR fitaziianldinu cABMR I8dae™ w1iid
mshanlgsnenne ABMR fiins@nsniivarasiinldun
corticosteroids, plasmapheresis, IVIG, rituximab (anti-CD20,
B-cell depleting monoclonal antibody), bortezomib (proteasome
inhibitor), eculizumab (anti-C5, complement inhibition) L8
lymphocyte-depleting antibodies (ATG) tHufu wuindlifies
yumsfnsiildusslomd do nsld IVIG Sy rituximab
fimafinsee Biling uazamz™ Enwludihoiin 20 38
TWmasnede IVIG 1nsuseilansusensedniazass 4 ad
WATANGIE rituximab 375 faAniusemIvNATTasRLTian
1 §UAWInaY IVIG dose gavie finenaly 2 T wuhddnsins
aAaNTANY eGFR 1ay 90 7.6 Jadfaisoiundisal.73 e
waszasRufiisaiou 6 ounsusne iy 21 addns
downdisia 1.73 mrvwnsesiuiiiodewdion 6 wWeausswine
MI3NE (p=0.0013) NMIANEVDN Smith LLazAE'” (Retrospective
review) AnEN13W rituximab 3-5 ASepgeien WislWsawiu

'
aaa

MesneAEEY 14 18 Wisuifisuiu 17 sefidunguaug
Tenddudildly rituximab wuhdidiady allograft survival
fnintunguiild rituximab(68s $u) eueuiulunguaiugu
(439 FwBelunguiild rituximab 8 Twinauausy F1ladY
allograft survival #81180 Y & 6 Melinauausy Flade
allograft survival @n 431 Ju a'gﬁfjwnaiuﬁmauﬂua\wia rituximab
fiAlady allograft survival Aindingudilineuauasuas
nanmuAN enviituAnmvalifinmifinmaee Honguazane™
Tudihe 6 efiitads cABMR I#30 rituximab 375 fadn3u
AOMTNINAIBIRUTRIASOREY wazmusiy IVIG 0.4 n3w
sailansu Yuazads 4 Ju wuddl 3 eiineususelaed
allograft function FduuaznsuTaslaesi dudn 3 e
limauauey avanngaifinsiviuzeslnanasuinni
A3IAWY proteinuria NnnILasAnedan weeelnuuy
ATINEDTRINNNT (IFTA score)Msfny®ey An uazAmu:™
Tugihe cABMR 18 718 T rituximab 375 fiafinsusiamane
wnTasRUTiRIASeien uasmudie IVIG 0.4 nSusaRlansuiu
azAsd 4 T WisuAuuanANIWaBULUADEY eGFR fiou
LRZARINITSNE (A GFRADLADU)WUINEINITOBLADNITAAAY
P99 eGFR 910 1.8+ 1 Aaddndsiaufisa 1.73 M9 NINATTON
fuifsofoureusnyiu 04 + 1 Sedanssiowniise 1.73
MIEasIasiufiiafeRou (p<0.05) uanaINHANIAnEN
e18ni Ao bortezomib lny Lee wazauz® Tudihe 11 My
fiinzrefractory ABMR falinauauavsanissnsnaae
conventional treatment (plasmapheresis, IVIG LLag rituximab)
Tng/l¥ bortezomib 1-2 cycle BuNAEN 1.3 FaANTNADMTISINAT
PoINUARITUT 1,48 waz 11 wuhil 3 (ourady eGFR
WNduan 17+9.25 1{hu 36.91+22.15 JaRansrewnfise 1.73
PTNINATRNAUARY (p=0.007) B9 5 Tefif CG score 2-3
LATADURUDIFD bortezomib 3 18

wananil MasnEmNenMIRTaNE A Bu AT
Tasuusihlimuananudulainlvogluinusiund uas

Tﬁmﬁﬂ’uﬁv\amiﬁwmmaﬁ renin-angiotensin system L‘ﬁa
wiiwaan proteinuria ¢ widayailagtudelinuiiniginem
fanaazean i graft survival Tu cABMR fishdtusavasuna
wushiugisynafefianfnmunisinuniaadnignaisla
TuFosmsusnainasauazgnies mslienagifimanzan
Aamuszdusagnaiians’ dulufieifianudsege
Ao rejection uuzthl¥nsaideniiadansewwn DSAs uay
M protocol biopsies WaAfiady wazlin135ns cABMR
150y

asu

Chronic ABMR vhfimsgaydsledilésumsgnane
Tuszeren dnfiwendanindlawuuaing (Transplant
glomerulopathy) W:‘L'J’Jﬂﬁﬁﬂ’nmam Toun w:ﬂ’sﬂﬁﬁ DSAs fiaul
Ugniela iheiliAn de novo DSA vdagthedisuuszmu
onbimshiane 1Hudu nmaihseis Aedamamsiin DSAs
uazmeviu Felanuddy swmsdne w et Tinns
Snwviiouit acute ABMR usieausinedinmadnunifiaiiy
futszniawaeeniassne uasdnmasgsenzeslalusves
ensialy

[GRENELINGE

1. Ugarte R, Kiangkitiwan B, Haririan A. Antibody-mediated rejection
in kidney transplantation. In: Weir MR, Lerma EV, editors. Kidney
Transplantation. 1st ed. New York: Springer; 2014. p. 281-300.

2. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa
LY, et al. Comparison of mortality in all patients on dialysis,
patients on dialysis awaiting transplantation, and recipients of a
first cadaveric transplant. N Engl J Med 1999; 341(23):1725-30.

3. Purnell TS, Auguste P, Crews DC, Lamprea-Montealegre J,
Olufade T, Greer R, et al. Comparison of life participation
activities among adults treated by hemodialysis, peritoneal dialysis,
and kidney transplantation: a systematic review. Am J Kidney Dis
2013; 62(5):953-73.

4. Matas AJ, Gillingham KJ, Humar A, Kandaswamy R, Sutherland
DE, Payne WD, et al. 2202 kidney transplant recipients with 10
years of graft function: what happens next? Am J Transplant
2008; 8(11):2410-9.

5. Gaston RS, Cecka JM, Kasiske BL, Fieberg AM, Leduc R, Cosio FC,
et al. Evidence for antibody-mediated injury as a major determinant
of late kidney allograft failure. Transplantation 2010; 90(1):68-74.

6. Einecke G, Sis B, Reeve J, Mengel M, Campbell PM, Hidalgo
LG, et al. Antibody-mediated microcirculation injury is the major
cause of late kidney transplant failure. Am J Transplant 2009;
9(11):2520-31.

7. Wiebe C, Gibson IW, Blydt-Hansen TD, Karpinski M, Ho J, Storsley LJ,
et al. Evolution and clinical pathologic correlations of de novo
donor-specific HLA antibody post kidney transplant. Am J
Transplant 2012; 12(5):1157-67.

8. Clatworthy MR. Targeting B cells and antibody in transplantation.
Am J Transplant 2011; 11(7):1359-67.



10

Expert Review

Farkash EA, Colvin RB. Diagnostic challenges in chronic
antibody-mediated rejection. Nat Rev Nephrol 2012; 8(5):255-7.
Colvin RB. Antibody-mediated renal allograft rejection: diagnosis
and pathogenesis. J Am Soc Nephrol 2007; 18(4):1046-56.
Nickeleit V, Mengel M, Colvin R. Renal Transplant Pathology. In:
Jennette JC, Olson JL, Silva FG, D’Agati VD, editors. Heptinstall’s
Pathology of the Kidney. 7th ed. Philadelphia: Wolters Kiluver;
2014. p. 1372-83.

Smith RN, Colvin RB. Chronic alloantibody mediated rejection.
Semin Immunol 2012; 24(2):115-21.

Haas M, Sis B, Racusen LC, Solez K, Glotz D, Colvin RB,
et al. Banff 2013 meeting report: inclusion of c4d-negative
antibody-mediated rejection and antibody-associated arterial
lesions. Am J Transplant 2014; 14(2):272-83.

Salvadori M, Bertoni E. Chronic renal allograft dysfunction
antibody-mediated: An update. EMJ Neph 2014:191-9.

Kidney Disease: Improving Global Outcomes Transplant Work G.
KDIGO clinical practice guideline for the care of kidney transplant
recipients. Am J Transplant 2009; 9 Suppl 3:5S1-155.

Billing H, Rieger S, Susal C, Waldherr R, Opelz G, Wuhl E, et al.
IVIG and rituximab for treatment of chronic antibody-mediated
rejection: a prospective study in paediatric renal transplantation
with a 2-year follow-up. Transplant Int 2012; 25(11):1165-73.

17.

18.

19.

20.

21.

Smith RN, Malik F, Goes N, Farris AB, Zorn E, Saidman S, et
al. Partial therapeutic response to Rituximab for the treatment
of chronic alloantibody mediated rejection of kidney allografts.
Transpl Immunol 2012; 27(2-3):107-13.

Hong YA, Kim HG, Choi SR, Sun 10, Park HS, Chung BH, et al.
Effectiveness of rituximab and intravenous immunoglobulin therapy
in renal transplant recipients with chronic active antibody-mediated
rejection. Transplant Roc 2012; 44(1):182-4.

An GH, Yun J, Hong YA, Khvan M, Chung BH, Choi BS, et al.
The effect of combination therapy with rituximab and intravenous
immunoglobulin on the progression of chronic antibody mediated
rejection in renal transplant recipients. J Immunol Res 2014;
2014:828732.

Lee J, Kim BS, Park Y, Lee JG, Lim BJ, Jeong HJ, et al. The
Effect of Bortezomib on Antibody-Mediated Rejection after
Kidney Transplantation. Yonsei Med J 2015; 56(6):1638-42.
Djamali A, Kaufman DB, Ellis TM, Zhong W, Matas A, Samaniego
M. Diagnosis and management of antibody-mediated rejection:
current status and novel approaches. Am J Transplant 2014;
14(2):255-71.



Journal of the Nephrology Society of Thailand

11

Chronic antibody-mediated rejection

Krittapong Somboon, Opas Traitanon
Division of Nephrology, Department of Medicine, Faculty of Medicine,
Thammasart University

Abstract

Kidney transplantation is the best modality for end stage renal disease patients because of good quality of life
and good survival more than others modalities. Chronic antibody-mediated rejection (CABMR) is the common cause
of late allograft dysfunction and graft loss. B cell and plasma cell play a role to repeated endothelial injury through
complement-dependent and independent mechanisms, which are activated to produce donor-specific antibodies.
The pathology to endothelial cells were shown chronic irreversible lesion, for example transplant glomerulopathy.
Proteinuria and renal impairment were the most common of clinical presentation. The current diagnosis of cABMR,
as defined by the Banff classification 2013, relies on the association of the following three criteria: first, morphologic
evidence of chronic tissue injury; second, evidence of current/recent antibody interaction with vascular endothelium
and third, serologic evidence of DSAs. The desensitisation protocol can prevent both acute and cABMR, who have
preform DSAs or ABO incompatibility. For the treatment of established cABMR have a low evidence base, now
treatment as acute ABMR. Moreover, supportive care, like control blood pressure, appropriate immunosuppressive
drugs and check adherence to treatment maybe prolong graft survival. Monitoring circulating DSA and protocol biopsy
are the best options for the early identification and control cABMR.

Keywords: chronic rejection, antibodies, donor-specific antibodies, kidney transplantation, transplant glomerulopathy.
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amzlasniduilinerdesin ANCA
ANCA-associated glomerulonephritis (AAGN)

A3 5aNUS, 19asal dEIusIATEY
wlwlanln madmegsmans [sowenuiasmunTsdn

unAa&o

nmylasniauiiiAuadiaeiu Antineutrophil cytoplasmic autoantibodies (ANCA) s iR PD9 RSN crescent
fnuldosluginalniamzgihugeeny finendanwuuy necrotizing glomerulonephritis WusaAumMsiin crescent
Tnsasalinumsazassesduyudonuluyinaniey Swfuiinsdnisuzowmasaidensnain # 4 ngulsafiddn
I#un Granulomatosis with polyangitis, Microscopic polayangitis, Eosinophilic with polyangitis, Renal limited vasculitis
wendflalsadefudaunaslinsunalnfidau udiivanensfnmnaivayungefanudaUnfees neutrophil uay
Teell Tng$ouaz 70-90 vavgthelsniiny ANCA lunstumidandefiuaufiauitinmedo Proteinase 3, Myeloperoxidase
wazfimsAnewy anti-LAMP 2 iunsufusfieiialvsifiwueionar 90 Tufihe AAGN faduuazanuiduslunsiie
Tsagiolimsuuwida snainnnnsiads msldsunuazansueetng viannanuRnunimeiugnsss fefumsitads
mﬁﬂmmu,mn@i'lwa\ma;umnﬁﬁwui’m MINTIINMIserology UATMIATIINENFINENMSlA

fmadn:  [edniauiifendeeiu ANCA, vasaldansniaufiiisniu ANCA, protinase 3, myeloperoxidase, Wensmidia,

mildenagRduiu

unuh

Rapid progressive glomerulonephritis (RPGN) L‘ﬂuﬂﬁju
gmafifinavhauzaslnanaenisingr Ennnensaeesin
anavannniioray 50 meluszaznandudamite 3 1Hsw)
i'auﬁuﬁmié’nLaumaqiﬂaLuag%a (glomerulonephritis) Wag
iioladudusguguusy anamuidiadeauasluiiaani:
(dysmorphic hematuria), ‘[ﬂsﬁu%’ﬂuﬂﬂmaz (glomerular
proteinuria) lneflanuauzmawenSanwla Uy extensive crescent
formation ﬁ!\ﬂﬂﬁlﬁ;ﬂﬂ%wu crescent formation iNnn3peas 50
yavdurulnawegiaionan Funamudnsuznedanin
crescentic glomerulonephritis wWuld¥aaaz 2-7"° 989113
asndudeln wemummguazdnyuzyosmendineluns
AndiTpuuaINgaaLIalsus (Immunofluorescence) W 3 nau
#anAn 1) ANCA associated GN 2) Immune complex GN
3) Anti-GBM GN %9 nmizlasniaudiiizndaeiu ANCA wie
ANCA-associted GN (AAGN) u‘flummmaqgﬂfm crescentic
GN imuiaslushedszma fihonguilionnisuazeimsuany
789 Systemic vasculitis 368 Jagtiunuinisuieuas 85
?lﬂ\m:ﬂ’mﬂq'uﬁﬂ circulating ANCA antibodies us#igiae
fautipafingialainy ANCA (antineutrophil cytoplasmic
autoantibodies) M%analﬂmqﬁuguﬁm (idiopathic crescentic
GN) Twiluilgiugefinmafnenidefmnfunmssnmndoena
piguuulveig Semavhanadnlasnmguasiiadoides Snviv
weniifinzeclsn thiganudnlalunsdnendogomnsas

Fohanginguazavdsesumanadl ienumiusTunTsuuas
mMsAnfitApdaeis AAGN wwmedududeyasulug
thinngudaya Pubmed AiianunemuuazAdeiiisndesiy
guinsal Mmilady wendiudla uaznssnmn AAGN
Maiaana uazgiimsnizeslsn

AAGN Hunsfifdladnigy finendaniwuuy
Necrotizing glomerulonephritis mwlaiwum'sﬂ:ﬂwmﬁugu
v3anwuTuysunanios Taes Immunoflurescence 1138 Electron
microscope TINAUIMIINIFUTDIVRBARDATUIALEN ATIA
wu ANCAluiiaalaed3 indirect IFwuldiouuy C-ANCA
(cytoplasmic) %38 P-ANCA (perinuclear) ianalaeAs ELISA
wulﬁﬁv’mmu anti-proteinase (PR3) %38 antimyeloperoxidase
(MPO) ﬁﬂéjui‘mﬁﬁ’lﬁm 4l5a T&un Granulomatosis with
polyangitis (Wegener) (GPA) , Microscopic polyangitis (MPA),
Eosionophilic granulomatosis with polyangitis (Churg-stauss)
(EGPA) uaz renal limited vasculitis (RLV) 17?\‘1 4 1sm
fignsauswesanmwmvlafiagreiu fefunsidadoede
@muLLmnﬁh\maqmg:umﬂﬁﬁwmfm F9GPARTIINL necrotizing
granulomatous inflammation laawusinldussiuszuume
wunela

MPA Hun1sdniaueaenasaidonauinidnildwy
ANBUZYDY granulomatous inflammation mmzﬁ EPA {lu
NN99NLALININADALADALLLL necrotizing granulomatous
inflammation $aufiUasthma (&g eosionophilia*
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gifAinsniaey AAGN infaeay 60 wevithe RPGN
Tuansgouam dwiudssmalnenwuiosas 24 Jummsdudy
89989910 immune complex mediated GN Wuxn3azas 80
Tugtaegeeny @nnd1 60D) wAmswunInndEnlay
wulugszansfznamnnniifae ™ Tuiedewy MPO-ANCA
Idaund1 PR3-ANCA® lnsanngnoey GPA uazMPA
wu 25 Auly 100,000 Y5¥21n3 & EGPAWL10 Awli 100,000
Yszans®

wensmita

nalnmsiinlsadslinsnudaiawin ANCA Linunle
ptlsfifdmarnvarsanufgiunnmamaaseiisafunaln
m3iinda1aiieadiaeiy Autoantigen complementarity Ing
qugumm']mimmnuﬂunumamumumwuuululﬂm@mn
wouRay wiomsduiiiansauzagruiuly(mimicry) nIzeu
Tnsnssusignnizduainaewying complementary w3e
mimicry vavsiu lapBufifimsf@nunde PR3 fnsdaiasnsi
complementary PR3 (cPR3) 310 antisense PR3 DNA #%38
nndusavidalsaiiddiusevasiugnasumiauiy udqly
nazfuszuugiduiwihliiin autoantibody wazdifuiesly
N3LAUNIE3 anti-idiotype antibody fisansaluduiu PR3
16 uazdimafnsmulusiuioglu granule 289 neutrophil uaz
8830y MPO uaz PR3 §ifiad1 lysosomal membrane
protein-2 (LAMP-2) Fawuldunfifiawas neutrophil Und
uazigaaymimasaidan ilihesdensduiugiiduiusesiu
i asislaseaeadeiy FimH avuuafiseuwnsuay
waznamdng umsnaaasiiagiiuwuiiedasiu neutrophil
ﬁgﬂﬂizﬁu (Primed neutrophil) ¥nl#1An necrotizing vasculitis
Iﬂﬂmiﬁm%mﬂu antigen presenting cells n‘;zﬁu macrophage
Tkwida cytokine (IL-1f, TNF) tin2u3un1s priming 284
neutrophil SIKALTAYLEUAIRUTEY ANCA LURLLEAE §9 ANCA
Lﬁugﬁﬁuﬁuﬁﬁiaﬁﬂumﬁm:naﬂu granule 89 neutrophi,
monocyte lysozome, IgG Wu3puay 70-90 Tu small vessel
vasculitis ansuaufiauiiinnusdwda PR3 MPO’ Fviladt
i lWusudiauiinannduldun fademeiugnasuunsatng
vlfinsuanveanyoy PR3 Aidisaduiniu magude
ﬁu‘ﬁ'mmﬂumsﬁﬂmuma\a MPO uasPR3 lag Ciavatta DJ Laz
AUSNUNMIAAANYDY §17 histone ﬁ“ﬁla trimethylated histone
H3 at lysine 27 (H3K27me3) Fosiumumsudamsvihanueesiu
fia319 PR3 WazMPO Wazfwufinsvuanuanms methylation
289 RUNX3 promoter snndusawaliann RUNX3 Tumsady
H3K27me3 MUNIZLIUMS methyltransferase vhilseassud
MIUAAYaY PR3 Uaz MPO fifaiead dasniflaiinmsduiu
serinvuauRRULURIYaYprimed neutrophil lag HuTIMTUiy
IR F(ab)2 2899 ANCA ULBUALIY LavdIu Fc
U Feyreceptor #ila lla uag Il suviivuu PR3 7 ANCA
Twsufuselndruusnadiouledinesngnivhay PR3 dvna
Hlaeiulsi PR3 Avatunudiu uazamInIanIzfunsEUUMIsNLaY
10 neutrophil #1UNY spleen tyrosine (Syk) kinase, protein

kinase cf3 39U 8NN13ANTIZAU protein kinase B wazvlfiin

phosphorylation 28y phosphomosmde 3kinasey (PI3kY)
1 LLauQuﬂﬂE\I\‘imﬂLﬂu"llu"[ﬁ?umﬂmiﬂf\]\‘i&'ﬁﬂﬂLE\I‘JJ (cytokines)
N neutrophil LLAZANCA %ﬂ'ﬁz@u‘lmnmmsmaaumm
neutrophil tMzAURITRENRDALEDARUNIN adhesion molecule
20 [32—integrin LLATGTP binding protein chemokine receptor
inmMavas toxic oxygen metabolite R 1gG a1n granule Tu
Sunuiuiiioulsd myeloperoxidase (MPO) wazprotinased
(PR3) dvatuntovasnldsn wasuasnlasnriiniid
WusauAauld ANCA 1y Immune complex udaiin
YUIUMIONLFUKY alternative complement pathway laawui
§imMmavans MPO w3p oxygen radical 910 granule 7Y
neutrophil sansalunszdul¥itin C3 uaz C5 1¢ Bnviadionus
receptor ¥8v C5a BEUU neutrophil 8nFi WazmM iU
C5a iU receptor nzAulifin primed neutrophil [ fins@nun
Tas Xing GQ uazanzsvwasiinsawlududelaluging
MPO AAGN 7 Auwuf1s C3d uaz Factor B usiliwy C4d
fifusnslunalnuuy common wanannil neutrophil Seasnsa
wdvanIdniauaug Snviaiepiia 1wy interleukin (IL) 1B, TNFOL,
IL 6, IL 8, monocyte chemotactant protein 1 Hudu %%\1
Tuiseniead uszuugfduiudug 1wy T lymphocyte, monocyte
W luusnaifingdnisy ldauga T-cells Wasuulay
I@lﬂﬂizﬁu effector LLlazmemory T-cells ﬁuﬁqnﬂiﬁ’mumaq
regulatory T-cells (Tregs) ¥livay cytokine nazfulfiin
neutrophil priming uazaa3uliin T-cells/B-cells interaction
ﬂ‘iuﬁluﬂ’limm granuloma LLauTlmary Iymph0|d organs K
fimsa¥ v local ANCA vhaneiilaifiawindu uazneutrophil
fimenansfulysfiulugy Neutrophil extracellular trap (NET)
formation ﬂi:(?ju dendritic cells Waz B-cells final¥insdniay
sufiusiolluasdudonsiuaey Tregs® uananil B-cell
fivhiivanluwnsaoueufived wasiasnsniausuaufiau
Wiy Teell foupu@aUnfves Teell luvaanidondar
B-cellde wazfinsfnmfinuinmasneniidnmizse B-cell
fiszansnmalumssne AAV wenSanwsananiiliaansa
a%mﬂu@ﬂ’m ANCA-negative associated vasculitis (g‘l.l‘*?i 1)

anrana:iodaidan

ﬂ\ﬂummmmmmtum‘iu‘[mnauu o1ifinnilad
yemsiaide Aeunden uazmnagnIy Fomsfindoduiug
fumsiinlsn GPA snnfigade 13p S. aureus Tiw.f.2531-2534
finsdnnludine GPA 57 newuidailluaynldfeienas 63
wazwwrlifnlunisiisueeslsaundulugusiinygail
Tuiw.A.2549 insfnezey Kain R uazamuswuasiduii
fBFUALLEYAD human lysososomal membrane protein-2
(LAMP-2) Tugiilas ANCA positive pauci immune GN fiv
3ppay 90" Tullifpaiufinswy antiplasminogen antibodies
Joway 25 ludiiy PR3 ANCA-associated vasculitis(AAV)
Foivdaviumsiianasaidendgadu Awasonsviiey
saslnfianas’’ Seitladbnewiliiin AAV Asenlungusu
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msvheuzesinseud (propylthiouracil #1031 methimazole)
W‘leﬂﬁqm hydralazine, D-penicillamine, minocycline Tawen
propylthiouracil &NWUsAUNMINTLHU MPO-ANCA dnifiaviay
Tasvonduduasldsuervualisnld wsnaninssuds
aagamauiusivlsagiduiuseduauiey laedinsfinm
Wuy Case control Wugiy AAV iaefiUszIRRuAEEAMN
gudu 4.4 win"®

dawiladumeiugnisudaneauanuduius sening
fuuu MHC class Il allele HLA DRB 1-15 tiinanuidese
PR3-AAV" uazlufl2548 #5189 un13fisl single nucleotide
polymorphism yufuiiashe protein tyrosine phosphatase
(PTPN22)"* duusiumaiin AAV uananiwugiheiiona
woulesl alpha-1 antitrypsin (AAT) F9AATHussvsulums
fudfe PRV NN AL rBn1in GPA™

Priming neutrophil |

ANCA-Ag complex
(neutrophi activation) ..

®
* P>
>

cytokines. .

)

@
Qe
Imbalance Teff,Tems

iU Tregs

ANCA
>

Activation alternative
complement pathway

Tissue inflammation ®

Tertiary lymphoid
AN pLr—
| NET formation |

U 1 Lqugﬁu,amnalnua:wmﬁﬁ’uﬁﬂ ANCA associated vasculitis (AaLUavaINna138198y 8)

anunu:moAadn

sy flu like iliness (19 wilopwds Uaaifien
thadis iieevns twinan) Seenmszaslsanguilivannvans
Fudvshumisiliiewedanmm uazanuguussvaslsn viliiin
wasaliaannaandniay p1n1svelasls 1 Tu 3 gavgie
systemic small vessel vasculitis™® wuldfas3asas 80-90 Tu
GPA UazMPA &u EGPA wuldipanirdesas 45 lawaims
fwuvsede Jaanzifuwden (dysmorphic RBC 1a¥RBC cast)
Tusfiusluilaanazuuy subnephrotic proteinuria & RLV
Inanaawainmsmladunanussnunsawmuieainisuenla
WUL GPA 138 MPAlG

Tsalunguildenuamameszundugsiudanld 1wy
gmamedansiniula fwifeandule Hudu Seonisme
Yanaaldsoust To veuwies fvlofiuiden wu Puimonary
hemorrhage Ieilungs GPA waz EGPA 3nnnd MPA nwgne
F9dUpAWY nodular 38 cavitating lesions waziaNNRAUNR
mutdiumeladiuuuld 1@ subglottic stenosis, sinusitis,
rhinitis, nasal septal collapse, otitis media, ocular disease
Fonulgveslu GPA & EGPA amafidszi@ allergic rhinitis,
asthma WazATI9WY eosinophilia o 1msluszuuduiinulddu
fuiievaendendniauiiedensla @ cutaneous purpura

(leukocytoclasic angitis), urticaria, livido reticularis, Peripheral
neuropathy (W‘UU'E)ﬂu EGPA LUU mononeuritis multiplex)
anmsfinul@laiasiziu myocarditis, pericarditis, conduction
system abnormalities, abdominal pain, hematochesia®
(@sUwWisuiipuansueneaiiin AN 1)

msJuoad

Tnome serology 3999 ANCA Tugthedifians
mamdindnfiy vasculitis Wu ANCA positive $ae1as 82-94
Tu GPA w32 MPA &a PR3-ANCA wulduaslu GPA vzl
MPO-ANCA wuldiioalu MPA, EGPA uazRLV* 59wy ANCA
negative [#3p88210-20 NMIM529% ANCA & 2 35 1) Indirect
immunofluorescence assay (IFA) waz2) Enzyme-linked
immunosorbent assay (ELISA) MIasyasmeis IFA Wumsns
fifimnalge s ELISA Wlumsasafifianudimnsge IFA
Humansalagld cell neutrophil Wusnssesuiuans ANCA
savfihe uagldmadosuaedeazinansFosuald 2 uuvde

1. Andlu cytoplasm 283 neutrophil 138N cytoplasmic
(c-ANCA) 1¥iy PR3-ANCA

2. fAafdvpuqiiedud 1380 perinucleus (p-ANCA)
198y MPO-ANCA
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A1597 2 WisusudnsuemeadfinuarANCATInUTL ANCA-associated glomerulonephritis

. . X Eosinophilic _
Granulomatosis Micoscopic . Renal limited
. . . granulomatosis .
with polyangitis polyangitis : . vasculitis
with polangitis
(GPA) (MPA) (RLV)
(EGPA)
anuaUndinelaiing Gouaz) 80 90 45 100
svuudufinuanuia Unfsas Uam LaLrAIyn o (3away 50) 1an (3p88290) Taiww
(3p8:8¥90) nanuLilpuaznIzgn TTULUIEam
(398860) ($p2n=60)
NNLAUAINNT
(3pwaz 70)
NIONLEVLLY granulomatous Wy Taiww Wy Taiww
Asthma wazeosinophilia Tsiny Taiwy Wy Tainy
ANCA ﬁm’aawu 70:25:5 40:50:10 5:40:55 20:70:10

PR3:MPO:negative

n3n393 IFA [Wldfianudiwizge win1snes
c-ANCA fipmaanimnzify vasculitis inni Segthedisl p-ANCA
finfiuaufiauduuanivilonin MPO, PR3 13U lactoferrin,
elastase, cathepsin- G, catalase, lysozyme Huau® a1awy
Tummzdunsu Tsafiinmssniay uwazlsrdindaidoss mansa
ELISA fafuifiaifinanulinazanudime woingioe
finTradne IFA Wwaay fansiadiy ELISA wudauas 5 989
fiheliwain ELISA umsnnamusufiauiiiinzaes
ANCA dvshulvaifiheid c-ANCA asflusufiauiidinizsie
PR3 §1u p-ANCA azfiupufiaufisinizsa MPO

19979 ANCA Tuauunfinuwaideauinainisi
Tedopann uswuwawanananladniaugilald 1 Tu 4 Ju
p-ANCA 71979 ELISA wuwauan lgdsssnadaeas 5 luznas 7
uieniusowy ANCA Tulsalasniauan antiGBM antibodies
wazimmune complex [#3peaz 25

HAN1IATIINIH v TANTBUqi v Fans8niay
Tus19me 1y ESR, CRP gediu albumin luiiansias
Folaismny uazenanTiany eosinophil Slul,ﬁamgwﬁu (N
1,500 (o8 /4a.) Tu EGPA

nsaunseduiilalaiiogdnsuzmewsndinemila
funumadlumsitededseznaniusdusall

UBNNINNIEIATIAN DI TRNMTURZNITATIAINY

wenFinen msitaduuenlsadaeanfuanuuanaesedaIns
‘ﬁl‘wu‘iw Toed) w./.2533 119 American College of Rheumatology
(ACR) lamuuainausidflade™ [3dwsu GPA wazEGPA
(3197 2 Tumewuan) Mmeiads MPA Tufiinausifisaiau Toy
foslinuvangusevanslsrdreduivesitady iR wm
lumsiflaselasiane GPA fu MPA anuuan@1eiiiies
MIWUMIBNLEUUUL granulomatous 2895zUUMLAUMea
upvlulsa GPA uazdsinmledn ACR criteria [dldhwansaa
ANCA agluinausishe uazluil w.f.2555 International Chapel
Hill Consensus Conference Idl#FdinAuuazdang«
waaaandniaulna ensifiadumudneasmenensanmn
PR USMAND wazateasiiifiendos uen MPA 4N
GPA uavEGPA laslufin1sdniauvevnanniinniuy
granulomatous AM37M573M19 Serology Waway ANCA SIu6e
TNWZiU MPO-ANCA 38 PR3-ANCA LazANCA-negative
Fonguildnunuzaimsmiioulsa GPA, MPA WaZRLY usiane
fIANCA filsimnansansrawldisaeisiagiiu wiefianudinz
foansfigelinsy wazniy CHCCWwanun9i3undalsn
Wegener granulomatosis 1fu Granulomtous with polyangitis
%’ommﬂun@'umu ANCA serology # MWMINNEHATDY
Tsaluszzzmuazinlinlunmsnduifudusdgaioudins
snnehpnagiishumusaldlduanseiu
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A5 3 1Nt sitiady GPA WasEGPA (Faudasannianansande 18)

Tsn

InUTINaNe

GPA Aflagu2luads
(enu¥opasss, ANNIIINNZIDRZ92)

EGPA Fflade4lueds
(enu¥opazss, ANNIIINNZ3PERZ99.7)

Nasal or oral inflammation (iwaluthnfifionmsiuwsalaifle fideawsa
AUDIDDNIYN

Abnormal CXR (WU nodules, fixed infiltrates #3acavities)

Urinary sediment (W‘ULﬁﬂLﬁﬂmLﬂﬂuﬂﬂﬁ’m)

Granulomatous inflammation on biopsy (m’;ﬁrﬁwul,ﬁawunﬁé’mamm\i
IWULRDA WidanTiunanaALAnALUL granulomatous)

Asthma

Eosinophilia (11171 eosinophil snnni3awaz10 vevifinidenaniiioun)
Mono or polyneuropathy (WUANMNAAUNATDILR LI Mamulasat e
1 1§4)

Migratory/transitory pulmonary infiltrates (WiJiaEJIimJamLﬂﬁ'auﬁﬁamﬂlﬁ)
Paranasal sinus abnormality (lgifasniauidsunsuniaiaess wiansame
Soflantaiiusedanndu)

Extravascular eosinophilia on biopsy (m’m%ul,ffawu eosinophil N3g3Nn

DHIDUVADALABALAY arteriole 3Bvenule)

wensamwnwla nasmsdidulsa
mansranesn e lanulddous mild focal and
segmental glomerulonephritis Iurgﬂ’mﬁﬁ asymptomatic
hematuria wazlageriviuund Tuszezidausnerany
segemental fibrinoid necrosis \im crescent [@L&niay
fl”l?uLLNN’lﬂ%uWU global necrosis 531U circumferential cellular
crescent WAL B9m3tAn crescent Wuwensamwiiny [duios
AMHULIIDDIWENSEN WL GPA UazMPA azannni1 EGPA
wun1siasuudaswendaniwnielauuy granulomatous
Iafee @usanuANuAnUNRLUY interstitial nephritis
Tnewuiaasnisuly tubule uas interstitium [Funeassenany
eosinophil S1meeli EGPA wumIdniauzasvasatdanin
1o wuvesluszsunasniian interlobular arterites, vasa recta
nMInsmasgiduiulaeisnisdonasiFasuay
(Immunofluorescene) lsmuvisawuluySsnanipe mﬁuﬂﬂﬂ ayau
uazaIRBNNALLA wanTIInNnaevyansAdianaseulainy
WiawuLANes8Y Immune complex type electron dense
deposit, Foci glomerular necrosis uaziinigaduzasviannlion
Wdnqld Pagnslsimaluisafsmusansanuansgiiduiu
NnnnMsfanasidesuas uazndoeganssadidnasouls de
yefsanaguuseaaslsafinnndu Tay Hass M uazame
womgfiduiuazanlusuiialnannmsnalasndesqansse
dlanmsaudawaz 50 lufisiinansatuidalaidnldmy
crescentic GN #insaanwy ANCAluiden lasduwusiu
qummmmkﬂﬁLﬂumnﬁu
uanﬁ?’mﬁ,‘[uiiﬂ anti - glomerular basement membrane
antibody (anti-GBM) s3190A59aWL ANCA Fandaadewy
[#3aeaz 10-30 3unlsm double antibody positive lagaulya)
A53AWY MPO-ANCA 1NN AMa@nswudn tiaan ANCA

Wany glomerular capillaries #ile awhliiiansuansoan
2p9UaURAUT GBM waziinnisaduaufvafids GBM
ANN %@ﬂﬁimiwﬁutﬁdmwmwu Crescentic GN Ag12A&Y
U MPO-AAV
nInTIanesan1nnivladvaruisanensainig
sifiulsaldeng Tul) w2553 Berden AE uazamz'® @nwn
mimw%ul,ﬁalmiuﬁﬂ'm 100 Au #figinamvadfinuas
WanT29 histology Husuiu ANCA associated GN lagiitiv
anuguusInamwensineniiu 4 nguds Focal (wulnawesa
Unfinnnindoeas 50) Crescentic (WU cellular crescent 8NN
Sppaz 50) Mixed (WUIﬂaLuaﬁaﬂnﬁ d cellular crescent
LAY global glomerulosclerosis tinpnin3puay 50) Sclerotic
(Wuglobal glomerulosclerosis 8MNNIN3p8IAE 50) ENNTALON
manwensailsafit U uazs U Taedasinsseadinuniign
Tungat focal $oraz 93 dunga sclerotic SnIN1spadintioy
fign3ouas 50 uinsAnunilbildsumensanwans interstitium
uazvianalionvedlallie
Yafeiidrdusonisvinviusesinluszazen o
seruedoituluidondinBusnm fanuddnlunsitase
wilsnuIn wazldumssneldagmanzan Yadudifing
sansseadinfianndudie nssnsaizidensentanuay
mafiade uazwdnidsenslisnagifiannifuluwnzifia
anadpviemsfiage wasiedefiguiusiunaanslin Ao
gann sauadiefiuluifengy azidensenven e
figovdvlnoms saduidneudEunuang snaihiwlsasels
WBNNEWUIGPA MPA EGPA uay RLV fimawennsailsn
wilsuiulunsdifiladniauguuse ud EGPA wulnsniauliva
dulwaimennawgmeils wazfiheiifd MPO-ANCA
mawennsailsamslafinit PR3-ANCA
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mssnw

unanuiiunssnnginongs ANCA-AGNLHuwan
Fodulsaigunsuazsnsideingedonas 90 saeihelseil
dldladsuenagResfedinlu 2 1 wavnnldenaginwudan
soafinuaclifllomemniuiosas 75 sofuihunemssnm
Ao masnenlugaeiduusn (induction) TWlsaavy MasneEn
soiflay (maintenance) wavanlsaasy wazn13sneie
Tsanduiiush (Relapse) Tuil w.A.2552 EUVAS/EULAR
weszAuAuguLsseslsn AAV iislddindnaulalunsinen
ANCA-AGN dnpglunga generalized (Indniaun3e
oinzBufijuusy uazeeSiefiiy Yaunin 5.6un/0a) uaz
severe (IdnLaUYSD aﬁ’mzﬁdﬁmﬁumm LRZANAILDATIU
4NN 5.64N./04.)

n135ns1luga913uusn (induction) wuzilw
cyclophosphamide (CY) wuuduyszmu (POCY) 2uim 200
AN./NN/AU(FIEA 200 1N.) WIBNINNRBALABAAY (IVCY)
2R 0.75 nIN/ATN.AINEYN 3-4 FUav anzuInad
05 niN/Asa.Aamemnangannd 60 I wisdRsIMInee
ppvlmiipand 20 waAniiA.73 a3 fme nasnniuysums
srnudiadonamliinnnd 3000/aua. Wen 3-6 ade i
fiUPrednisolone TU1A 1 1n./nn./u (9§ 60 an.) “[,ﬁmmmg\a
athetios 1 Weuudianruamliastiosnd 15 un/u finan
3 \fipu 219l Pulse methyprednisolone 500 1n./1u W
3 fudhdpemsnasnuniii® Tn.m.2552 SnsAnsuuugudati
CYCLOP® Tuglthe GPA/MPA s1uu 149 auiifiana3iafiu
doundn 5.6 un/ea.Seulfisunslien Pulse IVCY 21
15 un/nn. ([Hifu 1.2 n%’u/ﬂ%"’\a) Wunan 3 'E’u‘*ﬁwl,m‘lﬁv;n
2 dowi 3 afa mudaelinn 3 dawi Mulsien POCY 2unm
2 an/nnsAu (ldifu 200./5u) Tumsvhlflsaaeuuaalwen
selUBn 3 iawie 2 naw Aneagiheuu 18 ey wudie
2 ngnliuansvaaedmsililsasod 9 Woundenisinm
ngx IVCY fuSmnagnazansndy uaziinnnzidaidensna
sifapndn usidmsmsnduiiushlungs IVCY gendtusilaisl
Weshdgmeada wWiuldhhuwugihebidisewslumsvh i
ANALANGNMEER wazn3lien CY Tumafnniireudnouu
diaiuluma@nendug Asliemasanlsnavusedn 3 e
FemavhliUFinsevie 2 nguuansnefuann sesnfiw.a. 2553
AmMsFnen Systematic review [saumMsAnmnTln.f.2540-2552
wumslienuuy Pulse IVCY fidaslsanduiiusigendn
relative risk 1.79 (Cl1.11-2.87, p0.02) sodumasnunluscey
Suuwsnawnsaldeuuy IVeY wie PocYls usdlsandu
Wuswdeldavunden1ssneuuy Pulse IVCY asiapu
Hu POCY unu

uananMnmdndedundafefivamaidandu
U rituximab (RTX), Mycophenolate mofetil (MMF)&x130
THunu cY ffimatraidsvieazifiadavldusunaminuas
Wunauu @uieazgunndt 36 i WnANLEs
faNziSuinlaane1d waznssiwislaany) Tudw.a.2553
fimsAnsuuugadets RAVE uaz RITUXVAS® Tny RAVE

Anwlugihe GPA/MPA 197au fea3ieftiuiioand 4 un/ea.
wiahilmizidensenuan TRTX2NA 375 Asa.imedunan
4 feniifisuiu POCY 2 an/nn/u W 3-6 iausulansvy
wWaswiu azathiopine Tuszezsniiiav W 2 naq'ulﬁ%’um pulse
methylprednisolone 1 N34/TU MK prednisolone 1 un./nn./ il
wuhdmmsiAnlsassuLazgae Prednisolone i 6 Wi 2
nagulisheiu ($ouay 64uas Japar 53, p=0.09 MNAIAL)
POCY uazlull w.a. 2556 finsfnmnmsinenlussezen
i 12 \euuaz 18 ieumnmsdnni wudannnifesas 60
Samsldsumssnnuuuiislae Tsadoaeuii 12 Wouuas 18 oy
Tunga RTX $ewaz 48 uaz 39 isuiufeuas 39 uaz 33 Tu
ngueuan diuldhne RTX Gilddeslunh POCY way
RTX $nwlsanauifiughiind 7 6 eu (p=0.01) uaz 12 Liau
(p=0.01) wslduanseiudl 18 wiou uazwuiladedivhlnlsa
naufudrannnilunguiin PR3-ANCA, GPA, v3alsandl
ushaoususn usnnniflungulsanduifiusnsrany B cells
Tunszuailondauas 88 uaz Souaz 55 musduNNNgy RTX
uazngNAILAN Wazm3iinduses ANCA titer lFiusvhuny
Tsandufiusluio 2 ngu nmsAnmndiiulédnmsls RTX
liildstaandt POCY fimasnelu 18 e uazamsarilinlsn
aoulefl 12-18 1ou wsipeazhimansnhlldiugiheiidl
Sniauguus uaz Mazidensanuanjuusld & RITUXVAS
unmsdnnluging AAV 44 audieniaasmaineuln 18 ua.Ani/
1.73 as.aLime T RTX 375 asaLfiamesiuiy pulse IVCY
Faii 0 uaz 2 \Wisuiy pulse IVCY 3-6 Wiau uadldsses
siailoude azathiopine Tunguamiuan wudanmsssuzaslsa
i 12 1au uaznnzunsndaulaisnatuiis 2 ngu Wuldimis 2
msfnsmslien RTX ladsvanen Y Tumavhlsassuuas
waduiAsdosnd sansaldduenmaden widevsegdoya
NAMINNIEHZIT UALTIAMENETIUWEN dauen MMF 1y
nfifmsAnsUMD MM UM szezBausn uazszez
souloy TasfimsAnsuvuguaunadnvdenmsmumudeunas
soulvaiAnnludiheffimizlemeliguuse suneen 2 ndu/u
Swuenafizsosd lnewanmsfnsndeunaedefianudaudiu
Tuwsazsenu lasfinsfnsuuuguomnaiinanndssmaiu
‘lu@ﬂm AAV ﬁlsiquuwmm (32AV creatinine 3.5-3.7 §N./AR)
Fuu 35 AU lasudvlien MMF w38 pulse IVCY iuan
6 Liaunudn MMFIdanlsnssugendnan Sevay 77.8
Wisudy fovay 44.4 uazdnsimsiuivuzesln uaz
anuguussraslsranasilungy MMFudms@nifisuaidn
wazwansdnmdae CY quentimsfnmndeunthil deand
nafinent) w.a. 2556 lunguuszneglsdeda MYCYC fnmn
Tu AAV fifieTenzvanaaund Tnouailsk MMF 2-3 n3u/5u vido
pulselVCY 15 xn./nn. 6-10 a%s S 140 A W MMF
Selaifiszansawifisewalunsililsassud 6idauiio
Wisudu IVCY Sauay 66 Winuiu Saaas 69 (p= 0.06, 90%Cl
-16 - 10%) lag MMFaaldldUselamilunsvildlsaseu
Tungu AAV fifllasniaunuuguuse dedpvsamsinmamna
najiiafusudaly
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M3 Plasma exchange (PLEX) #aelunszdn ANCA
Tunszuaiden wushlugihefidlndniauguuss FeSiefiu
WNNT1 5.6 Wn/aav3slasumananidenseusBunmsinm
waflnmzidansantaninde IWnssnmang 60 e/,
viuruiufuna 145 Tasld susayfufumaimaunm®
Tufw.A.2550 imafnendets MEPEX iwisuifisunavin PLEX
7% utuiuly 14%uusniu Methylprednisolone 1 n¥u/Au
Wuna1 3 Yu 9w 149 au e 2nguld POCYuay
Prednisolone wiflauiu wudn PLEX§Samnsfiuduzesln
i 3 feuatheiitivdduazdnnmsiinlamneFasszozgane
il 17 dounifenas 24 wddanmssendineuic 2 nguls
saii wazfidayaann systematic review Tw.A. 2553 Budiuin
PLEX anansnanmsiialaneGesoldiguiu (00.02) Jagriud
fims@nwiszlosives PLEX Tufihelndniauiisuuseliouni
Tapiissawazasmsdnmndato PEXIVAS Anmlugiheiidnns
youladaenin 50 ua./ui/A1.73 asa.fAne

Ms¥nesTessaiiiny (maintenance) Ansanliie
Tudthefinouaussnnmasnnluszezian snepfifiuushie
Azathiopine (AZA)® Taaluilw.q. 2546 datia CYCAZARAM?
Wisuisuen AZA 2un./nn./fu navlsaasuiy POCY
15 an/nn/Au wusanmalsansduduglduanseiu way
fimsfnendiote IMPROVE wWisuifisy AZA fu MMF wudn
MMFdaeniiAzA Tumstlasiulsanduiiugh HR 1.09 (CI
1.06-2.7, p=0.03) UANASLABNENITY 2 mjuhim'wﬁuuaz

o

Win9fneUSeuIiBue1 methotrexate (MTX) iU AZA

Generalized
Tndniauuazen Cr<5.6mg/dl

cuy a o
i- IVCY/POCY + corticosteroid 6 LnBU3d
L33

RTX+corticosteroid
an

~=-

~—o

v azathioprine + low dose

w2 corticosteroid 18LApU W
BIGN MTX(GFR>60 mi/min/1.73m?), RTX

3‘1]‘7; 4 mﬁﬂummomﬁnm ANCA-associated glomerulonephritis

Hotis WEGENT wudnszeziiavililsaasulnd idneiy
WANgN MTXwua1zunIndouninnduuulaiiedidny
nvadduazialdlugieinsniheuseslalid usnani
fimslden RIS luszozseilos Tull w.e2s575imsAnunde
8 MAINRITSAN® Ssuifisumslien RTXn1wmasaiions
Ay AZAWDDSUYIEmY dausnzevdiandu GPA waz
PR3-ANCA wuhdnnlsanduifiushlungu RTX tieuniiethedl
Tedd (Sopass fudeuaz 29, p=0.003) wim3sdneil
fefidaduesmanduifiushiunguild AZA anmnaeisHi
12 1ieu delapnsufidvlysziBuanei 18 1Fou uay
FoyassbiFaaulumahhldfuging MPO-ANCA dsiusiaday
sedeyannmsAnsndote RITAZAREM sl usnanennagil
wdmumstienshidalungu Trimethoprim-sulfamethoxazole
pnagasanlsadsuld uavarsdayadednudeiu dniu
onldselomilunsldiuninsnmdugieiilsascuy
muiiumnelashuuusin

mssnelsanduidugn (relapse) wulduinni
Jowaz 50 wavlsnavuuazinazifialulusnuamenenagf
fladuiifinafo NMsnIaWy PR3-ANCA uazmsinlsaiiszuy
matdunglamstiendnndalifideagiinidn enafiarsan
TennagfiuuuiAnmiauesudulddn uadessyissunnen
azan uaznadaiAsene vielvenduiu RTX Seideya
msfinan RAVE 1RTX Snnlungulsanduifiushldin
usiona livanglumsldiudihe AAVuuuguus wisenaazdes
Tsunmathdaunula (afgﬂmﬁnmgﬂﬁ 4)

Severe
Tndniauuazen Cr>5.6mg/dl 3o
DL ATYAN LA

IVCY + Methylprednosolone LLaz/13a
Plasma exchange

Relapse: TWengasifsszaziauusn win
wWaeswdu RTX
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Tuduzasmafinmumasnmndas ddviniedanm
(biomarker) wilalvaifiaguualinluniiinlsanduiiud
Fofimafnumy ufiuaasesnlu CD'8 Teells MAuFaeiy
IL-7 pathway La T-cell receptor signaling tHussivfonaans
filsifwoy AAV usnanilsildsziy ANCA luidanifudvinng
manduiflugwaslsadsidadaudeiuay wiimnengunmsdnm
wupuANRuSzavNTRNTUIEY ANCA tinlanalsandy
futhgetu (anuldosas 79 uazanuduwizioay 68)
waififunens@nnitliwuanuduwusi usnanddeideya
mMafnEaIn RAVE wuhmansaliny B 1wad uaz ANCA
meondsmssnsisdesiunmsiialsanduifudidesas
wrideavipesadoyarindnlunmsfnmuszdy B waduaz
ANCA fapen RTX luszpgsiniflaviiannnnd

madgnanelaaansorildlugdiaslane3efezes
gavhean AAV wusammsiieviaeaLdandniaud 0.02 deauil
LildiRuanandsvdemaiialsafush (Recurrent disease)
waumatgnanala wazdnmatin ANCA-AGN navlgnedne
Tnfisuwiiulaund

TowagUudr AAGN unnziidlasniauinendaniw
LLUY Necrotizing glomerulonephritis A5 lINUMIREANDDY
By viewuludSinanies samiuimsdnisuzasanaidon
sunadn Tuduwesinfalsadsfudaunazlainswnaln
fidaau udfivarens@nmnadusyunguianaiaunives
neutrophil uay T-cell Tapfaraz 70-90 waugiolsainy
ANCA lunszuatdondefiuaufiiauiiiimnzfo Proteinase 3 uaz
Myeloperoxidase fladauazanuidelunsiinlsafinasating
wazdolaivauuisn dniunsifiesdeaduanauanssssngs
PIMSTWLIIN MIATIIN serology UAZNTATIANENFINEN
msla lugumssnndedena clinical trial HsluszaziFudu
wazszozaoiiay Svusulumuszduanuguusveasisaly
udazay uazdaviilolsndugiioranusndanld Fecfesans
Snunlnsiqiioransdonensinfialumaiialsn anssnm
finsegn wazldnamssnniugieldfanniu
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ANCA-associated glomerulonephritis

Treechada Chamradpan, Waraporn Liawnoraset
Renal Division of Medicine, Department Maharat Nakhonratchasima Hospital

Abstract

Antineutrophil cytoplasmic autoantibodies-associated glomerulonephrits (AAGN) is the most common cause
of RPGN in adults, especially elderly patients. The microscopic pathology is mainly found to be necrotizing
glomerulonephritis and crescentic formation with few or no immune deposit, in association with small vessel
vasculitis. AAGN includes granulomatosis with polyangiitis, microscopic polyangiitis, eosinophilic granulomatosis with
polyangiitis, and renal limited vasculitis. Pathogenesis is complex and remains unclear but several theories confirm
the classic neutrophil pathway and cellular immune system. Formerly around 70-90 percent of AAGN have circulating
ANCA which is often associated with PR3 and MPO ANCA. The present studies report the autoantibodies to
lysosome-associated membrane protein 2 (LAM-2) up to 90 percent in AAGN. The risk factors and precipitating
events are obscure but they are associated with infections, environment and genetic background. The diagnosis is
based on the clinical variants, laboratory and pathologic findings.

Keyword: ANCA-associated glomerulonephritis, ANCA-associated vasculitis, proteinase 3, myeloperoxidase,
pathogenesis, immunosuppressive drug
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Extracorporeal blood purification
therapy in sepsis

Supawadee Suppadungsuk, Arkom Nongnuch, Sarinya Boongird

Department of Nephrology, Faculty of Medicine Ramathibodi Hospital, Mahidol University

Abstract

Currently, sepsis is not only the major cause of mortality but also morbidity in critically ill patients. The main

pathogenesis are dysregulation of immune response including pro and anti- inflammatory cytokine (IL-1, TNF-QL,

IL-6 and IL-8, IL-10) and endotoxin, which resulting in multi-organ dysfunction and death. Recent therapeutic target

treatments are antimicrobial as well as restore immune homeostasis and endotoxin clearance. The proposed

concept of extracorporeal blood purification therapy in sepsis is adjunctive treatment to remove inflammatory mediator,

bacterial endotoxin and improve host immune response by mean of continuous veno-venous therapy, high-volume

hemofiltration, high cut-off membrane, hemoadsorption and coupled plasma membrane filtration adsorption. All

data of these techniques are controversial to apply to daily clinical practice due to hemodynamic status as well as

cost-effectiveness. The well design randomized controlled trials are urgent need for improve quality of care in sepsis

patients.

Introduction

The improvement of organ support system in critically ill
were well established, however, the mortality rate of sepsis
remain unacceptable high approximately 30-80 %. In developed
countries, the incidence of severe sepsis estimated 300
case per 100,000 population.” The mortality rate associated
with center effect as well as degree of acute kidney injury?,
therefore, extracorporeal renal support is a crucial part
for treatment in severe sepsis and critical ill patients.
Extracorporeal blood purification (EBP) in sepsis was
demonstrated in animals almost 20 years ago and not only
support in AKI but also capable for failing organ such as
cardiac and lung support by cytokines or endotoxins removal.
These techniques include continuous veno-venous therapy,
high-volume hemofiltration (HVHF), high cut-off membrane,
hemoadsorption and coupled plasma membrane
filtration adsorption (CPFA). In this review, we discuss
in pathophysiology of sepsis, the rational of various renal
support techniques and clinical evidences in sepsis patients.

Pathophysiology of sepsis

Sepsis is a systemic inflammatory condition triggered
by pathogen not only gram-negative bacteria but also
gram-positive bacteria and other pathogens. The initiation of
sepsis are starting from lipopolysaccharide (LPS: lipid bilayer
outer membrane of bacteria which known as endotoxin) of

gram negative bacteria and peptidoglycan, lipoteichoic acid
in cell wall of gram-positive organism or molecules that
called pathogen-associated molecular patterns (PAMPs) can
activate pro-inflammatory cytokine (IL-1, TNF-Q, IL-6 and IL-8)
by binding to pattern recognition receptors (PRRs) such as
Toll-like receptor 4 (TLR4) (figure 1). These pro-inflammatory
cytokines can increase reactive oxygen species (ROS),
activate coagulation system and complement system, inducing
release of damage-associated molecular patterns (DAMPs)
form injured cell, causing immune and multiorgan dysfunction.®
Moreover, the compensatory anti-inflammatory immune
response (CARs) cause increasing of IL-10, prostaglandin
E2, leading to impaired chemotaxis, lymphocyte apoptosis
necrosis, immune paralysis, endothelial damage, vascular
dysfunction. The disturbances of pro- and anti-inflammatory
cytokine promote clinical syndrome of septic shock,
multi-organ dysfunction (MOD) and death.’

Rational of extracorporeal blood purification in sepsis

Pathogenesis of sepsis are imbalance of pro and
anti-inflammatory cytokines, thus, the concept of blood
purification to overcome immune dysfunction as well as
restoration of immune homeostasis by remove broad spectrum
inflammatory mediator and endotoxin are introduced. There are
four possible theories of extracorporeal blood purification for
alleviate inflammatory cytokine dysregulation in sepsis. First,
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Ronco and colleagues5 proposed the “peak concentration
theory” that non-specific remove peak of inflammatory
mediator without complete elimination may be restore
immune homeostasis and improve outcome. Second, Honore
and Matson® hypothesized the “threshold immunomodulation
hypothesis” that remove cytokine from blood circulation would
resulting in reduction level in tissue and interstitial space
because of redistribution of two compartment to equilibrium,
leading to stop inflammatory cascade and further organ injury
when reach threshold point. This process explained why
blood purification improve clinical outcome. Third, Di Carlo
and Alexander’ proposed the “Mediator delivery hypothesis”

that cytokine removal by hemofiltration depend on interstitial
cytokine clearance by filtration. The large volume crystalloid
replacement (48-72 L/day) increased lymphatic flow 20-40
fold drive mediator and middle molecules via lymphatic
from tissue to blood circulation. Finally, Peng and colleague®
proposed the “cytokinetic hypothesis” that blood
purification therapy (HVHF, hemoadsorption, CPFA and
high cutoff membrane) can restore concentration gradient
from tissue to plasma by remove mediator from blood
compartment resulting in inflammatory cell recruitment and
trafficking at infected area and local bacteria clearance.
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Figure1 Pathophysiology of sepsis

Abbreviation: PRRs, Pattern recognition receptors; TLR-4, Toll-like receptor- 4; HMGB-1, high mobility group box1 protein; MARK, p38

mitogen-activated protein kinase; NF-kB, nuclear factor kappa-light-chain-enhancer of activated B cells.
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Uremic toxin clearance methods are including 3
techniques: diffusion, convection and adsorption. Firstly,
diffusion is a method for elimination small molecule solute
by diffusion across semipermeable membrane. The factors
influence diffusive clearance are molecular weight, surface
area of membrane, pore size and concentration gradient.
Secondly, convection is a method for clearance middle molecule
by convection (ultrafiltration) across high permeability

membrane. Ultrafiltration determined by trans-membrane
pressure and membrane permeability. Adsoption is a method
for removing protein bound uremic toxin by attaching
and binding with sorbent on surface area via chemical
affinity. The combination of two techniques is call hybrid
technique. Interestingly, one blood purification technique can
comprise of more than one uremic toxin clearance methods
(Table 1).

Table 1 Summary of extracorporeal blood purification technique in sepsis
Clearance molecule
Technique Principle Protein- Endotoxin Advantage Disadvantage
Small Middle
bound
Hemodialysis Diffusion +++ - - - e Rapid remove e Increase risk
e Low cost hypotension and
e Patients mobility disequilibrium
e Not remove endotoxin
Hemofiltration ~ Convection — ++ ++ ++ - e Requires minimal e Fluid cost and logistics
adaptation to current
CRRT therapy
technique and
equipment
High cut-off Convection  +++ +++ +++ - e High capacity e Loss of albumin,
membrane nutrient
e High cost
Hemoadsorption Adsorption  ++ +++ +++ ++ e High capacity e Specific endotoxin
e Specific remove remove
endotoxin High cost
Simple circuit o Biocompatibility issue
Cytokine Adsorption  ++ +++ +++ ++ Non-specific cytokine High cost
adsorbing remove
CPFA Adsorption,  +++ +++ +++ - e Non-specific cytokine e Complex circuit,
diffusion or remove require plasma
convection e blood not direct separator
contact to adsorbent e High cost

Abbreviations: CPFA, coupled plasma filtration

Technique of Extracorporeal blood purification

Intermittent versus Continuous renal replacement
therapy

Theoretically, advantages of continuous renal
replacement therapy (CRRT) over intermittent renal
replacement therapy (IRRT) are hemodynamic stability and
continuous small and middle molecule uremic toxin removal.
There are numerous of observational studies compared
effectiveness of intermittent and continuous therapy. The
clinical benefits of continuous are not well established
probably due to heterogeneity of the population and
selection bias.

From study in Thailand 2013°, prospective RCT to
compare cytokines removal (VEGF, IL-6, IL-8, IL-10 and
TNF-a) between online hemodiafiltration (HDF) and
high-flux hemodialysis (HD). Online-HDF had significant
cytokine removal VEGF, (P < 0.001), IL-6 (P = 0.001), IL-8 (P =
0.021), IL-10 (P = 0.011), TNF- o (P = 0.029), better renal
recovery in 30-day dialysis-free period (57.1% vs. 35.7%,
P = 0.01) and shorter length hospital stay more than
high-flux HD.

Recent study, CONVINT trial”®, a single-center
prospective RCT enroll 252 critical ill with AKI patients
compared daily IHD 4h versus post dilution CVVH 35
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mi/kg/h. did not show statistic difference between both
groups in survival at 14-day after end of RRT (39.5%
vs. 43.9% OR 0.84, 95% Cl 0.94-1.41, p=0.5) as well as all
cause-hospital mortality, day on RRT, vasopressor, ventilator
and course of disease severity. Likewise, systematic review
and meta-analysis of RCTs compared CRRT and IRRT in
adults patients with AKI cannot demonstrated advantage of
CRRT over IRRT in mortality but CRRT provided significantly
higher MAP and less required vasopressor than IRRT."

To date, modes of dialysis between IRRT and CRRT in
acute kidney injury in intensive care patients are controversial
for reduce mortality and enhance renal recovery. However,
CRRT more preferable in setting of intensive care because
provided hemodynamic stability more than intermittent
and proposed that conventional IRRT gave small effect on
cytokines removal because several inflammatory mediators
are middle or large molecular weight molecules that cannot
remove via diffusion method.

Low dose VS standard dose CRRT

The main method of toxin removal of CRRT is
convection, which depending on convective volume. Thus
dose of CRRT identify by replacement fluid volume. In
observational study, Do-Re-MI study™, show no evidence
of improving survival at high dose of replacement fluid over
35 mi/kg/h.

The First controlled study, Ronco and colleagues'
conducted RCT in 425 critically ill with AKI patients evaluate
ultrafiltration dose in post-dilution continuous veno-venous
hemofiltration (CVVH) (20, 35 and 45 ml/kg/h) for 15-day
survival after stop CRRT. There is significant lower survival
in low dose 20 ml/kg’/h compared with 35 and 40 mi/kg/h
(41% vs 57% and 58% respectively: p<0.001). This landmark
study underpin the standard dose of replacement fluid should
be at least 35 ml/kg/h. The large landmark studies in 2008,
VA/HIN study' randomized 1,124 critical ill with AKI patients
demonstrated no different in 60-day mortality, rate of renal
recovery or non-renal organ failure between intensive (35
ml/kg/h) versus less-intensive (20 mi/kg/h). Recently, the
RENAL study'® enrolled 1,508 critical ill with AKI evaluate
higher-intensity (40 mi/kg/h) and lower-intensity (25 ml/kg/h)
demonstrating higher-intensity not reduction 90-day mortality.
More recently, meta-analysis cannot show therapeutic
benefit of high dose over low dose CRRT.(2) Therefore, KDIGO
guideline suggested optimum dose for CRRT are 20-25 ml/
kg/h but in clinical practice delivery dose was lower than
prescribed. The prescribe dose should be over with 25%
safety margin to adequate delivery dose (30-35 mi/kg/h)."®

High-Volume Hemofiltration

High-Volume Hemofiltration (HVHF) was defined as

convection technique that increases ultrafiltration volume to
improve clearance of inflammatory mediators. Because of
most inflammatory cytokines are middle molecules (5-60 kDa)
thus convection is more effective clearance than diffusion.
There are no consensus for definition of HVHF, however,
general acceptance is define as convective volume more
than 35 ml/kg/h according to Acute Quality Initiative work
group (ADQI). Honore and colleague propose definition of
HVHF as ultrafiltration rate 50-70 ml/kg/h for 24 hour and
called “pulse HVHF” as a short very-high volume with short
period then followed standard dose such as 100-120 ml/
kg/h for 4-8 hr. then followed by CVVH. Another independent
group defined dose higher than 50 mi/kg/h and very HVHF
for ultrafiltration rate greater than 100 ml/ kg/h."”

HVHF seems to be effective to remove inflammatory
cytokines from circulation because most cytokines are
water-soluble, middle to large molecular weight molecule
that convection is more effective and most of hemofiltration
membrane has adsorptive function. On the other hand,
adverse event of HVHF may increase clearance of antibiotics,
amino acid, vitamins, trace element and electrolyte as a
result of increase morbidity and mortality. In animals studies
demonstrated that HVHF can reduced inflammatory cytokine
that improve hemodynamic and survival outcome." In human
study'®, 36 sepsis patients enrolled to receive CVVH for 6
h. at dose equivalent to 35 mL/kg/h or HVHF at dose 100
ml/ kg/h for compared cytokines removal and SOFA scores.
The results showed that HVHF group significant reduced
IL-6 level after treatment at 6 h but effect not sustained at
24 h. Interestingly, HVHF significantly improve SOFA scores
at day 7 (p=0.001)

Recently IVORIE study'®, a prospective, randomized
multicenter in 18 intensive care unit included 140 septic
shock patients, which compared benefit of HVHF 70 ml/
kg/h (n=66) vs. standard volume (SVHF) 35 mi/kg/h (n=71).
Primary outcome, 28-day mortality was not different between
two groups (HVHF 37.9% vs. SVHF 40.8%, p=0.94). This
trial was early stopped because slow patient enrollment and
limited source. Furthermore, the HICORES study, did not
show survival benefit between HVHDF 80ml/kg/h and SVHDF
40 mi/kg/h.”®

Until now, there are no evidence to support that HVHF
can be recommendation for apply in sepsis patients.

Summary data from meta-analysis of RCTs on HVHF
compared with standard volume evaluate mortality revealed
that no statistical significant on mortality rate, hemodynamic
profile or length of hospital/ICU stay.”’ Even now, there is
no evidence support for HVHF as adjunctive treatment for
patient with sepsis and septic AKI.
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High cut-off membrane

Membrane was designed to increase porosity allowing
clearance larger molecules. Super high-flux (SHF) or high
cut-off membrane (HCOM) defined nominal cut-off level
60-150 kDa and approximately 40-100 kDa in human and
pore size about 0.1 um. Effect of cytokines clearance HCOM
in convection is more than diffusion technique and moreover
if increase effluent rate.””

Many studies in vivo and vitro sepsis model show
effective clearance of some inflammatory mediators. In
Clinical study®, a Pilot prospective RCT in 18 septic
AKI patients compared HCOM-CVVH and conventional
CVVH membrane showed significant decrease dose of
norepinephrine for keeping MAP 60 mmHg (p=0.0002) and
more cytokine clearance (IL-6 p=0.0465, IL-1ra p=0.0293) in
high cut off membrane. High cut-off sepsis study (HICOSS)
enrolled 120 septic shock with AKI patients divided in HCOM
group and conventional membrane group for CVVHD 5 days.
After randomized 81 patients this trial was early terminate
because interim data showed no statistic different in mortality
in 28 days (31% vs. 33%) and not different in vasopressor,
mechanical ventilator and ICU-stay compared with
conventional group. Both groups are also no different in
albumin level that HCOM is safe to use. In preliminary
of SIFT study (The Sepsis in Florence study) showed

HCOM-CVVH improve inflammatory biomarkers and tissue
oxygenation/perfusion indexes.* The data demonstrated early
HCOM-CVVH may be better but this need to waiting for the
complete outcome.

The benefit of using HCOM are increase inflammatory
cytokine clearance, restore immune function and decrease
dose of vasopressor but important limitation is more albumin
loss.”* Thus, HCOM use in severe sepsis condition may be
applied in acceptable albumin loss.

Hemoadsorption

Hemoadsorption or Hemoperfusion is blood
purification technique that a sorbent contact directly to blood
to remove substance via extracorporeal circuit. Charcoal and
resins are non-specific adsorbent that attract solutes by
various force such as hydrophobic interaction, hydrogen
bondings, van de Waals force and ionic attraction. The
important limitation of hemoadsorption is poor biocompatibility
causing neutropenia and thrombocytopenia. Newer
adsorbent are developed aiming for not only improvement
biocompatibility by hemocompatible coating but also
endotoxin and inflammatory cytokine removal by modified
membrane polarity and porosity. Various adsorbent column
are shown in table 3. This review will be mainly focus on
polymyxin B hemoperfusion.

Table2 Summary of RCTs studies that evaluate effect of HVHF on survival and hemodynamic outcome
. Population P value
Study Setting Dose (ml/kg/h) Outcome .
No. (survival)
Cole,2001* Septic shock 11 6 L/h vs 2 L/h e Improve hemodynamic N/A
with MOD (for 8 h) e Not assess mortality
Laurent, 2005%° Post cardiac 61 200 x 8 h vs combine e 6-mo.urvival 21% to 45% P = 0.026
arrest with hypothermia e Improve hemodynamic
(out of hospital)
Jiang, 2005”"  Severe 37 4L/h vs 1L/h e 14-day survival rate 94.4% vs 68.4% P <0.001
pancreatitis e Improve hemodynamic
Boussekey, Septic shock 20 65 vs. 35 e 28-day mortality NS
2008% e Improve hemodynamic P = 0.65
Sanchez, 2010 Septic shock 30 55 vs 35 e 28-day survival 86.7% vs 53.3% P =0.46
(abstract) with CHF e Hemodynamic
Zhang, 2012*  Sepsis with AKI 280 85 vs 50 e Death from any cause, 90-day mortality = P=0.58
e Hemodynamic NS
Joannes- Septic shock 137 70 vs 35 e 28-day mortality 37.9% vs 40.8% P=0.94
Boyau, 2013%*°  with AKI e no hemodynamic significant different NS

(IVORIE trial)
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Table3  Endotoxin/cytokine removal device for sepsis®
Adsorbent : . .
. Mechanism Elimination Composition Company
cartridge
Polymyxin B Adsorption Endotoxins e Immobilized polymyxin B covalent bound to polypropylene- Toray Industries,
(Toraymyxin) polystyrene fiber Japan
oXiris Adsorption Endotoxins e AN 69-based membrane, surface treated with Gambro-Haspal,
Convection Cytokines polyethyleneimine (PEI) and grafted with heparin France
Cytosorb Adsorption Cytokines e Polystyrene divinyl benzene copolymer bead with Cytosorbent,
Convection biocompatible polyvinylpyrrolidone coating USA
LPS adsorber Adsorption Endotoxin e Synthetic polypeptide bound to porous poly Alteco Medical,
ethylene disc Sweden
CTR Adsorption Endotoxins @ Resin composed of porous cellulose bead to hydrophobic Kaneda
Cytokines organic compound with covalent bound to hexadecryl Corporation,
akyl chain Japan
MATISSE Adsorption Endotoxin e Human serum albumin immobilized on polymethacrylate Fresenius

beads

SE, Germany

Polymyxin B Immobilized cartridge

A cyclic cationic polypeptide antibiotic, Polymyxin
B (PMX), is derived from Bacillus polymyxa can neutralized
endotoxin. Cartridge is immobilized-polymyxin B to a polystyrene
fiber that can remove endotoxin from blood circulation without
neuro- or nephrotoxicity from PMX. The binding affinity of
PMX hemoperfusion after two dose of treatment (2 h/session
every 24 h) reduced endotoxin up to 90%. Main mechanism
is adsorb LPS endotoxin directly by strong hydrophobic
interaction and weak ionic binding force (negative charge
of LPS interact with positive charge of PMX). Secondary
mechanism reported that PMX can remove activated
inflammatory cell which reduced cytokines level (TNF-0. and
IL-6) and renal tubular apoptosis.”®

Several clinical studies evaluate effect of treatment
with PMX —-DHP. In European pilot RCT, 36 sepsis patients
compared PMX-DHP and standard care. There was no
statistic difference in survival rate, endotoxin concentration
but significant increased mean arterial blood pressure and
cardiac index in PMX treated group (24). In EUPHAS trial®,
an un-blinded RCT in 64 severe sepsis and septic shock
patients due to intra-abdominal infection and need
emergency surgery patients in Italy, compared 2 sessions
of PMX hemoperfusion plus conventional and conventional
treatment alone. This study revealed significant higher in MAP
(84 vs. 76 mmHg, p=0.001), decrease vasopressor requirement
at 72 h (p<0.001), increase Pa2/FiO2 ratio (p=0.049) improve
SOFA scores and lower 28-day mortality rate (32% vs.
53%, adjusted HR 0.36; 95% Cl 0.16-0.80, p=0.01) in PMX

group. After interim reported significant different in mortality
outcome this trial was early stopped. However, this study
cannot represent PMX hemoperfusion for applied to all sepsis
patients because conducted only in intra-abdominal infection
in surgical population. The ABDO-MIX study, prospective
multicenter in France enrolled 243 septic shock patients
after emergency surgery for peritonitis related to organ
perforation, comparing treatment with PMX hemoperfusion
plus conventional and conventional alone. There is no
statistical significant between both groups in 28-day mortality
(27.7% vs. 19.5%, OR 1.59, 95 % CI 0.86-2.93, p = 0.14) as
well as reduction in SOFA score.

In conclusion, PMX hemoperfusion is a promising
treatment in sepsis although need to wait for more data from
large ongoing trials EUPHAS 2 and EUPHRATES, which are
aiming to collect data in treatment, validate reproducibility
and utility of PMX-HP.

Coupled Plasma Filtration with Adsorption (CPFA)

Coupled Plasma Filtration with Adsorption (CPFA) is
a hybrid technique that first separate plasma by plasma filter
then plasma filtrate through sorbent cartridge for non-selective
adsorption to reduce pro/anti-inflammatory cytokines and
endotoxin. Second, plasma return to blood to hemofilter for
renal support.

In animal model with CPFA was associated with
improve hemodynamic. In comparison with HVHF in animal
study trends to improve MAP but not different in two groups.”’
The First multicenter RCT* in 330 septic shock in ICU patients
compared using of CPFA combined with standard care versus



2g | Expert Review

standard care alone. This study was early stopped because
reason of futility. The results was no difference of mortality
at discharge between two groups, nor in new organ failure
or ICU-free day but in sub-group analysis decreased hospital
mortality in high volume of plasma (>18 L/kg/day over first
5 day). The role of CPFA treatment is sepsis patients need
more evidence to support from well-designed randomized
controlled trials.

Conclusions

Pathogenesis of sepsis are not only from endotoxin
or single cytotoxic mediator but also cytokines disturbance,
complement system activation, and coagulation cascade
stimulation. The past concepts of sepsis treatment are
appropriate antibiotic, control source of infection and correct
complication of sepsis. For new paradigm of sepsis support
are removal endotoxin and maintenance immune homeostasis,
thus early treatment maybe improve clinical outcome.
Extracorporeal blood purification (EBP) technique may be
a possible technique to adjunctive treatment with standard
treatment to remove circulating endotoxin to reduce
progression of multi-organ failure from sepsis. There are
few data of strong evidence to support and recommend
technique to apply in clinical practice. The ongoing trial
EUPHRATES may be show result and role of PMX
hemoadsorption therapy in sepsis. However, standard
treatment of care in sepsis patients are necessary before
to apply these adjunctive treatment as extracorporeal blood
purification technique especially in situation of limitation of
resource and exist gap of knowledge.
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Randomized
N=73

Group A: Intensive intake education
plus immediate low sodium feedback
(n=37)

JUf 1 uaasiumsumsdnidangidriumsdnmm

Group B: Conventional low
sodium Interventions
(n=37)




34 | Original Article

v
=1

AT 1 uaaedayaiugzesgidInmsfnm

a9 U

X Group A Group B
All patients 5 . . . X
Parameter (n=73) intensive education plus  Conventional education p-value
n=
immediate feedback (n=37) (n=36)

Male sex, n (%) 37(50.68) 20 (54.05) 17 (47.22) 0.56
Age (yr) 70.56 + 8.56 70.12 + 8.65 70.97 + 8.59 0.69

Cause of CKD, n (%) 0.25
Diabetic nephropathy 26(35.62) 11 (29.73) 15 (41.67)
Hypertension 3(4.11) 3 (8.11) 0
Stone 1(1.37) 1(2.7) 0
Glomerulonephritis 1(1.37) 0 1 (2.78)
Tubulointerstial disease 1(1.37) 127 0
Unknown 41(56.16) 21 (56.76) 20 (55.56)

Comorbidities, n(%)
Hypertension 66(94.41) 31 (83.78) 35 (97.22) 0.05
Diabetic mellitus 45(61.64) 20 (54.05) 25 (69.44) 0.18
Ischemic heart disease 6(8.22) 3 (8.11) 3 (8.33) 0.97
Heart failure 2(2.74) 0 2 (5.56) 0.15

Medications, n(%)

ACEI 8(10.96) 4 (10.81) 4 (11.11) 0.97
ARB 25(34.25) 13 (35.14) 12 (33.33) 0.87
Thiazide 5(6.85) 2 (5.41) 3 (8.33) 0.62
Loop diuretic 10(13.70) 4 (10.81) 6 (16.67) 0.47
BMI (kg/m2) 2551 + 4.81 24.76 + 4.63 26.25 + 4.93 0.19
SBP (mmHg) 139.49 + 15.88 136.65 + 17.47 142.42 + 13.69 0.12
DBP (mmHg) 7518 + 12.42 74.62 + 13.96 75.75 + 10.78 0.70
Cr (mg/dl) 1.84 + 0.58 1.83 + 0.56 1.84 + 0.61 0.93
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AN 2 Wisuiisudayaserivasnguil 8 Fanvi

Group A Group B
Parameter intensive education plus Conventional education p-value
immediate feedback (n=37) (n=36)
SBP (mmHg) 135.43 + 15.54 138.97 + 20.68 0.41
DBP (mmHg) 73.95 + 11.37 72.36 + 12.20 0.57
Cr (mg/dl) 1.86 + 0.6 191 + 0.64 0.74
eGFR (ml/min/1.73 m2) 35.53 + 13.04 33.22 + 11.14 0.42
Serum Na (mmol/l) 140.32 + 2.53 140.5 + 2.48 0.77
24-hr urine Na (mmol/day) 119.52 + 64.93 126.18 + 55.23 0.71
24-hr urine Cr (mg/day) 1050.30 + 525.54 930.52 + 363.34 0.36
UACR (mg/g Cr) 388.08 + 477.83 376.87 + 520.5 0.93
Urine Na < 90 mmol/day, n (%) 11 (42.31) 9 (31.03) 0.36
Dietary Na count, mg/day 1502.82 + 907.14
(mmol/day) (65.34)
AChange ( week 8 — week 0)
ASBP (mmHg) -1.22 + 19.14 -3.44 + 19.56 0.62
ADBP (mmHg) -0.68 + 13.62 -3.39 + 12.58 0.38
AeGFR (ml/min/1.73 m2) -0.09 + 3.99 -1.48 + 413 0.15
A24—hr urine Na (mmol/day) -9.08 + 54.09 -2.06 + 49.86 0.71
AUACR (mg/g Cr) -79.47 + 459.10 -17.23 + 350.08 0.55
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Effect of intensive education plus immediate
feedback on sodium intake in CKD patients at
Bhumibol Adulyadej hospital:

A Randomized Controlled Trial

Kamolwan Pakchotanon, Worawon Chailimpamontree, Anutra Chittinandana
Division of Nephrology, Department of Medicine, Bhumibol Adulyadej Hospital, Royal Thai Airforce

Abstract

Background : Dietary salt restriction is a key factor in reducing blood pressure and proteinuria, which may ultimately
retard the progression of chronic kidney disease (CKD). 2 g/day (90 mmol/day) of daily salt intake has been recommended
by KDIGO 2012 Clinical Practice Guideline for CKD patients. However, the average sodium consumption among Thai
population is as high as 4,351 mg/day. The intervention to decrease daily salt intake is required. This study was
conducted to compare the effect on sodium restriction between intensive education plus immediate sodium intake
feedback and conventional low sodium education in CKD patients.

Methods: Patients with CKD stage 3 and 4 (eGFR 15 - 59 ml/min/1.73m2), who had urine albumin-to-creatinine
ratio (UACR) > 30 mg/g, were randomized into two groups. Group A received intensive education plus immediate
sodium intake feedback on sodium intake. Group B received conventional low sodium education. All patients were
evaluated at baseline and follow-up for a period of eight weeks. The primary outcome was the proportion of patients
who had reduced urinary sodium excretion to less than 90 mmol/day (2,000 mg/day) and the secondary outcomes
were urinary sodium excretion, urine albuminuria-to-creatinine ratio (UACR), blood pressure, estimated glomerular
filtration rate (eGFR) and adverse effects.

Results: Seventy-three patients were completed study. Of those, 50.68% were men, mean patient’s age, eGFR and
urinary sodium excretion was 70.56 + 8.56 years, 35.17 + 11.9 ml/min/1.73m” and 128.35 + 0.18 mmol/day, respectively.
At baseline, there were no difference in the proportion of patients who had urinary sodium excretion less than 90
mmol/day between group A and group B (26.92% vs 34.48%, p=0.54). At week 8, the proportion of patients who
had urinary sodium excretion less than 90 mmol/day was 42.31% and 31.03% in group A and group B, respectively
(p=0.36). Urinary sodium excretion was decreased by -9.08 + 54.09 mmol/day in group A and -2.06 + 49.86 mmol/
day in group B (p=0.71) and UACR was greater decreased in group A than group B (change in UACR, -79.47 +
459.10 vs -17.23 + 350.08 mg/g), but without statistically significant (p=0.55). There were no significant differences
in blood pressure, eGFR and adverse effects.

Conclusions: Intensive education plus immediate dietary sodium feedback tended to have beneficial effect on
sodium restriction in CKD patients, but lack of statistical significance. However, further large and long-term randomized

studies are required.

Keywords: CKD, low sodium intake, immediate sodium intake feedback
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The optimal temperature for replacement
fluid and dialysate in continuous renal
replacement therapy (CRRT):

A randomized controlled study

Thitipong Pooprasert, Kajohnsak Noppakun, Surachet Vongsanim
Renal Division, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University

Abstract

Background: Most critically-ill patients frequently have acute kidney injury and some of them may need renal
replacement therapy. The most appropriate mode of renal replacement therapy in this group of patients is continuous
renal replacement therapy (CRRT) due to their hemodynamic instabilities. Previous study has shown that CRRT with
replacement fluid temperature of 36.0°C produce more stable hemodynamic parameters when compared to that of
38.0°C. However, there is no randomized controlled study comparing the hemodynamic effects of replacement fluid
temperature comparing between low and normal temperature.

Objective: The objective of this study is to evaluate the effects of replacement fluid or dialysate temperature on
blood pressure stability, inotropic dosage, and mortality in critically-ill patients on CRRT comparing between 35.5°C
and 37.0°C.

Methods: One-hundred patients in intensive care units who need CRRT were randomly assigned to receive replacement
fluid or dialysate temperature of 35.5°C or 37.0 ‘C. The primary composite outcome was proportion of patients
with mean arterial pressure (MAP) of more than 65 mmHg or with reduction of inotropic dose of at least 30% at 4
hoursafter initiation of CRRT. The secondary outcomeswereproportion of patients with MAP of more than 65 mmHg,
patients with decrement of norepinephrine dose of at least 30%, and serum lactate levels at levels at 8 hours after
initiation of CRRT, and mortality rate.

Results: There was no significant difference in body temperature between groups. The primary composite outcome
was not different at 4 hours (87.5% in 35.5°C group vs. 76.1% in 37.0°C group, p=0.151).For secondary outcomes,
proportion of patients with MAP of more than 65 mmHg, decrement of inotropic dose of at least 30%, serum lactate
levels at 8 hours after initiation of CRRT were not different between groups. Moreover, mortality rates in both groups
were similar (82.0% in 35.5°C group vs. 78.0% in 37.0°C group,p=0.913 by log-rank test)

Conclusions: In critically-ill patients undergoing CRRT, there was no significant hemodynamic effects of replacement
or dialysate fluid temperature of 35.5°C or 37.0 ‘C. Keywords : optimal temperature, replacement fluid, continuous
renal replacement therapy (CRRT)

Keywords: optimal temperature, replacement fluid, continuous renal replacement therapy
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Optimal dwell time for maximal small solute

clearances in peritoneal dialysis patients
(OPMAX Study)

Patthara Chutimanukul, Thatsaphan Srithongkul, Nipa Aiyasanon, Suchai Sritippayawan
Division of Nephrology, Department of Internal Medicine, Siriraj Hospital, Faculty of Medicine, Mahidol University, Thailand

Abstract

Background: The adequacy of peritoneal dialysis was assessed by urea and creatinine clearances which depend on
daily dialysate volume and dwell time. Previous studies had limited data about dwell times and small solute clearances.
Objective of our study was to identify the optimal dwell time for maximal small solute clearances in peritoneal dialysis.
Methods: Prospective cohort study was performed in chronic peritoneal dialysis patients at Siriraj hospital. We
compared small solute clearances at 9 dwell time periods (50 ,40 ,30 ,20 ,15 ,10 ,5 ,0 and 60 minutes). Weekly
KT/V urea and weekly nCCr were obtained to identify the optimal dwell time which produced maximal small solute
clearances. We also compared rate of glucose absorption, ultrafiltration and other small solute removals such as
sodium, potassium, calcium, phosphorus and uric acid at each dwell time period.

Results: Twenty-two peritoneal dialysis patients were enrolled. 20 minutes of dwell time had maximal weekly
KT/V urea (5.01; p < 0.001), weekly nCCr (104.95 L/1.73m’ p 0.018) and potassium removal (78.17 mEg/day; p
0.002). Maximal sodium removal was observed at 0 minutes (394.56 mEg/day; p 0.005). There were no significance
different of glucose absorption, ultrafiltration rate and other small solute removal (phosphorus, uric acid and calcium)
at any periods of dwell time. Small solute clearances, ultrafiltration and solute removals were not associated with the
peritoneal membrane transport types.

Conclusions: 20-minutes dwell time had the highest weekly KT/V urea and weekly nCCr in chronic peritoneal dialysis patients.
Small solute clearances were not associated with the peritoneal membrane transport types in each short dwell time period.

Keywords: optimal dwell time, small solute clearance, peritoneal dialysis

Background

Small solute transport via peritoneal membrane occurred
through both diffusion and convection. Factors affected
small solute clearance in peritoneal dialysis (PD) were fill
volume, number of cycle, membrane transport type and dwell
time. Fill volume was limited by patient’s body surface area
(BSA) which did usually not exceed 1.5 time of BSA. Membrane
transport type was individually characteristic. Increasing dwell
time or number of cycle will increase the small solute clearances.
However, in clinical practice, increasing the number of cycle
will shorten the dwell time and increase the proportion of drain
and fill time. These may reduce the small solute clearances.

Previous study® from Russia showed that 5 minutes
dwell time produced maximal small solute clearances
comparing with 0, 10, 15 and 20 minutes (min) dwell times.
But the study had many limitations such as protein intake,
creatinine measurement method, no flushing before small
solute clearance measurement, low numbers of patients, and

no data of dwell time more than 20 minutes.

The aim of our study was to evaluated the optimal
dwell time which less than 1 hour having maximize small
solute clearances in peritoneal dialysis patients.

Objectives

Primary outcomes was to identify dwell time which
maximized small solute clearances shown as weekly
peritoneal clearance of urea and creatinine (KT/V urea
and nCCr) in peritoneal dialysis (CPD) patients. Secondary
outcomes were dwell time which maximize other small
solute removal including sodium, potassium, calcium,
phosphorus and uric acid, glucose absorption and
ultrafiltration (UF) rate.

Materials and methods
Study population
From June 2015 through December 2015, we screened
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60 CPD patients who follow up at peritoneal dialysis center,
Siriraj hospital. The Inclusion criteria were PD patients
undergoing peritoneal dialysis at least 3 months, patients
having age more than 18 years, regularly followed up and
willing to provide an inform consent. Exclusion criteria were
patient having history of infected peritonitis within 4 weeks
before study, catheter malfunction, hemodynamic instability
(blood pressure less than 90/60 mmHg), uncontrolled
diabetes (fasting blood sugar more than 300 mg/dl), anemia
(hematocrit less than 30%) and receiving both hemodialysis
and peritoneal dialysis, The study was approved by the
ethics committee of Siriraj institutional review board (COA
no. Si579/2015).

Sample size was calculated from the previous study‘s’
by using the mean creatinine clearances of dwell times at
0, 5, 10, 15 and 20 min (11.0+1.38, 11.79+2.12, 11.69+2.23,
11.77+1.55 and 10.29+1.59 ml/min, respectively). The O was
the standard deviation of the mean creatinine clearance at
dwell time 10 min that had a maximal value and set the
between level correlation as 0.5. The analyzing method was
univariate repeated measure one-way ANOVA which using 5%
for type | error and 80% for power (1—ﬁ) setting. The sample
size from this calculation method was at least 19 patients.

Study design

This prospective cohort study was performed in CPD
patients at Siriraj PD center. The small solute clearances
were studied at 9 dwell time points of 0, 5, 10, 15, 20, 30,
40, 50 and 60 minutes in 3 consecutive days. The study was
started at 07.00 am and finished in the afternoon of each
day. Each dwell time was studied 2 times consecutively and
flushing was done before each 2 next dwell times. Patients
were fasting during study period. PD was performed by PD
nurses with manual technique using peritoneal dialysis fluid
(PDF) of 1.5% dextrose. The fill volume was 2,000 ml/cycle
with the inflow and outflow drainage times were 10 and 20
minutes, respectively. After the study of each day, the 2
cycles (12 hour/cycle) of CAPD using 1.5% or 2.5% dextrose
solution depended on the patient’s volume status were done
before starting the study on the next day.

Data collection

Blood was drawn at the midpoint of each two dwell
times and peritoneal dialysates were collected for urea,
creatinine and other small solute clearances in each two dwell
time. Fill and drainage-out volume were also recorded for
ultrafiltration volume and small solute clearance calculations
by using the average value of each 2 dwell cycles. The
residual renal function was also evaluated by 24 hours urine
collection in patients having urine more than 100 ml per day.
Small solute clearances and removals of each dwell time

were calculated for weekly KT/V urea, weekly normalized
creatinine clearance (nCCr), daily small solute removal
including sodium, potassium, calcium, phosphorus and uric
acid, glucose absorption and UF.

Patients’ baseline characteristic data were recorded
including age, gender, body weight, dialysis vintage, history
of infected peritonitis, medical conditions, residual renal
function and standard peritoneal equilibration test (PET,
done within 12 months) PET was classified into 3 group by
Dialysate/Plasma creatinine ratio as fast (D/P Cr 0.82-1.03),
average (D/P Cr 0.50-0.81) and slow transport (D/P Cr
0.34-0.49).

Ssfety moitoring

Patients were withdrawn from the study if they had
peritonitis, hemodynamic instability (blood pressure less than
90/60 mmHg), severe and refractory electrolytes abnormality
(hypokalemia, hyponatremia) and emergency medical
conditions (acute coronary syndrome and pulmonary edema).
Study related adverse events were also recorded e.g. fever,
chill, hyperglycemia, peritonitis, abdominal pain, diarrhea
and constipation.

Statistical analysis

Continuous variables were presented as range and
mean + standard variation (SD). Categorical variables were
recorded as frequency and percentage. Repeated measure
one-way ANOVA (multiple comparison by Bonferroni) or Friedman
test were done to compare urea and creatinine clearance
and other small solute removal, glucose absorption and
ultrafiltration in each dwell time. A p value < 0.05 was considered
as statistical significant. Statistical analysis was performed
using Statistical Package for the social sciences (SPSS) 18.0.

Result

Twenty-two PD patients were enrolled to our study
(baseline characteristic as shown in table 1). Most patients
were treated with CAPD mode. 72.7% of patients had
average peritoneal membrane transport type.

Weekly KT/V urea and nCCr increased from the dwell
time 0 minutes to the maximal clearances at dwell time 20
minutes and then gradually decreased until dwell time 60
minutes (table 2). At dwell time 20 minutes, the weekly KT/V
urea (5.01; p < 0.01) and weekly nCCr (104.95 L/1.73m?* p
0.018) were significantly higher than other dwell time periods
as shown in figure 1A and 1B.

The significantly highest rate of sodium removal was
observed at dwell time 0 minutes (394.56 mEqg/day; p 0.005)
as figure 1C while the highest potassium removal was
observed at dwell time 20 minutes (78.17 mEqg/day; p 0.002)
as figure 1D.
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Table 1. Baseline characteristic

Characteristic Result (%) Characteristic Number (%)
Age (mean+SD) (years) 66.2+11.0 Previous kidney transplantation 3 (13.6)
Male 12 (54.5) DM 12 (54.5)
BMI (mean+SD) (kg/m?) 23.9+5.3 History of infected peritonitis 3 (13.6)
BSA (mean+SD) (m?) 1.63+0.16 Modality of PD
Volume of distribution® (mean+SD) (L) 31.8+4.2 - CRHD 12 el
- APD 6 (27.3)
Dialysis vintage [median(P25-P75)] 33 (15-47.5) - CCPD 4 (18.2)
(month)
Serum albumin (mean+SD) (g/dl) 3.49+0.43
Number of adequate dialysis 18 (81.2)
Weekly total clearance 2.02+0.26 NPNA (mean+SD} (g/kg/day) LD
- KT/V urea (mean+SD) 59.85+13.68 PET value (mean) 0.66
- nCCr (mean+SD) (L) - Fast transport 3 (13.6)
Residual urine [median(P25-P75)] 720 (60-978) - Average transport 16 (72.7)
(mi/day) - Slow transport 3 (13.6)
- Number of >100 ml/day 16 (72.7)
- Number of <100 ml/day 6 (27.3)

a Watson formular; Female: (-2.097)+(0.2466*BW)+(0.1069*Ht); Male: 2.447+(0.3362*BW)+(0.1074*Ht)-(0.09516*Age)

There was no period of dwell time which had time 20 minutes = 410.56 mg/day, uric acid removal at dwell
significantly higher rate of other small solute removals, time 20 minutes = 591.60 mg/day). The maximal glucose
glucose absorption and UF rate (figure 1E — 11) but there  absorption was observed at dwell time 20 minutes (129.62
was a trend of higher small solute removal at the dwell  g/day) and maximal UF rate was observed at dwell time 10
periods of 15 — 20 minutes (calcium removal at dwell time  minutes (2.11 L/day; p 0.533).

15 minutes = 159.33 mg/day, phosphorus removal at dwell

Table 2. Small solute clearance and removal, glucose absorption and ultrafiltration in each dwell time

Dwell time (minutes)

Parameter p-value®
0 5 10 15 20 30 40 50 60
Weekly KT/V urea® 3.82 4.58 4.64 4.67 5.01 4.71 4.50 4.39 4.28 <0.001
Weekly nCCr® (LA .73m2) 82.18 91.31 9214 9581 10495 9878 95.03 9499 90.86 0.018

Sodium removal® (mEg/day) 39456 390.02 31599 329.44 273.75 308.68 27929 236.70 248.84 0.005
Potassium removal’ (mEg/day) 7490 7526 7513 7517 7817 7078 67.54 66.01 6256  0.002
Calcium removal® (mg/day) 7795 8115 14694 15933 140.20 13193 12543 11097 98.13  0.723
Phosphorus removal® (mg/day) 315.77 34122 34320 350.64 41056 353.52 358.32 351.35 334.83 0.184
Uric acid removal® (mg/day) 478.75 54041 51574 527.61 591.60 535.08 526.44 52595 496.73 0.085
Glucose absorption® (g/day) 86.75 10413 9299 116.76 129.62 12452 11755 12840 11995 0.073
Ultrafiltration rate® (L/day) 1.59 1.87 2.11 2.10 1.72 2.04 1.99 1.72 1.43 0.533

Flush UF°® (ml/session) 36 25 22 12 57 24 32 58 52 0.112

® Mean (normal distribution data); ® Median (no normal distribution data); ¢ Maximal value compare with value of other dwell time
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Figure 1. Small solute clearances and removals, glucose absorption and ultrafiltration rate in each dwell time
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Figure 1A. Weekly KT/V urea
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Figure 1B. Weekly nCCr
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Figure 1C. Sodium removal
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Potassium removal rate (mEqg/day)
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Figure 1D. Potassium removal

Figure 1E. Calcium removal
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Figure 1F. Phosphorus removal

Figure 1G. Uric acid removal
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Figure 1H. Glucose absorption

There was no difference in small solute clearances
and removals between the PET types except the potassium
removal which was higher in fast transport comparing with
average transport type (p value 0.024).

Figure 1l. Ultrafiltration rate

Study related adverse events were showed in table 3.
All of adverse events were only mild degree. There was no
study related adverse events such as fever, hyperglycemia,
hypotension, peritonitis, abdominal pain, diarrhea and
constipation.
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Table 3. Adverse events

Event N (%)
Chill (only in first day) 18 (81.8)
Hypokalemia (mild; 3.1-3.4) 15 (68.2)
Decrease serum sodium 6 (27.3)
Increase serum sodium 0
Peritonitis 0
Hypotension 0
Abdominal pain 0
Diarrhea 0
Constipation 0
Uncontrolled blood glucose 0

DISCUSSION

The objective of our study was to identify the dwell
time which can maximize the small solute clearances in
peritoneal dialysis patients. Our study shown that dwell time
at 20 minutes had produced maximal weekly KT/V urea
(5.01), weekly nCCr (104.95 L/1.73m?) and highest potassium
removal rate (78.17 mEg/day). At dwell time O minutes, the
sodium removal was highest (394.56 mEg/day). However,
we could not identified the point of highest removal rate for
other small solutes (calcium, phosphorus and uric acid). The
mechanism of solute transport across peritoneal membrane
had long been investigated. The solute transport rate was
depended on its molecular weight*’. Previous study by Krediet
et al’ reported that lower molecular weight solutes had higher
clearance comparing with higher molecular weight solutes.
Our study found that in short dwell time, clearances of very
small solutes such as urea, creatinine, sodium and potassium
were markedly depended on D/P but ultrafiltration rate did
not affect small solute clearance.

Previous study by Pirpasopoulos M et al® reported
the maximal clearances of urea and creatinine at dwell time
5 minutes which different from our study. Different results
can be explained by the lack of flush before each dwell time
periods and different creatinine measurement method® in the
previous study.

Our study demonstrated that to maximize the small
solute clearances by PD without limiting the total volume the
cycle time should be 45 - 50 minutes/cycle (dwell time 15 - 20
minutes, inflow 10 minutes and outflow 20 minutes) which
can be achieved by doing 28 - 32 cycle/day of PD and using
dialysate volume of 56 - 64 L/day. From this prescription it
will produced the weekly KT/V urea and nCCr as 5.01 and
10.4 ml/min/1.73m’ which were equal to intermittent HD of 6
session/week (equilibrated KT/V urea as 1.2 per session).”""
This might be adequate in patient having hypercatabolic
state in AKI. We can also apply the result to CPD patients
having large body size and inadequate of dialysis by setting
the dwell time at 20 minutes (50 minutes/cycle), total time
10 hours/day and 12 cycle/session with the total dialysate
volume of 24 L. This will provide the weekly KT/V urea of 2.1
that equals to 3 session/week of intermittent hemodialysis.
Furthermore, the solute clearance and UF can be enhanced
by increasing the fill volume to 1.5 L/m’ of BSA and glucose
concentration of the dialysate.

From previous study in Siriraj center'” which evaluated
the small solute clearances at dwell time between 1 hour
to 7 hours demonstrated that the 1 hour-dwell time had
maximal weekly KT/V urea and weekly nCCr. Our further
study in this report evaluated the dwell time that was less
than 1 hour and showed that the maximal small solute
clearances was at 20 minutes-dwell time. The figure 2
integrated the 2 studies for dwell time periods from 0 minute
to 7 hours.
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Figure 2. Daily urea and creatinine clearance of dwell time at 0 — 7 hours.”
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Our study had many strength, first we had flushed the
cycle before each dwell time period to normalized the small
solute in the residual peritoneal volume which may affected
the clearances in the next cycle. Second, all patients were
fasting during the study to avoid the urea and creatinine
loading which may affected the plasma concentration of
these solutes.

However, our study still had some limitation, first we
did not study the middle molecule clearance which may have
an impact to the patient survival”'®. Second, we did not study
the cost-utility between the increasing peritoneal dialysate
volume by our method and changing to hemodialysis when
the CPD patients had an inadequate dialysis by conventional
PD. Third, the small solute clearance during 10- and 24-hours
of PD at dwell time 20 minutes were the calculated values
which may not represent the true small solute clearances.
Finally, our study also had a variation of drainage volume
which might impact the small solute clearances.

CONCLUSION

Our study demonstrated that the 20-minutes dwell
time can produce significantly maximal weekly KT/V urea
and weekly nCCr in chronic peritoneal dialysis patients.
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creatinine (Cr) , urea nitrogen
Tanhdayasepndmnuwiiises doywieres
aslumsuaniasuasns (peritoneal equilibration test :PET)™
T hiart UNUANYNYBYAANIUE membrane transport LA
AuIUAN Daily KtV *nngns
Daily Kt/V= [(D/P urea x V drained)+ (U/P urea x
Vurine )] V
\fip D/Purea Apdnmaupaandindu Dialysate/
Plasma urealaifiviiage
V drained fin Usanou dialysate it apeaaniu 2 2. (Gms)
U/P urea ApdRT&aIUDBY Urine/Plasma urea
Vurine 8 USinadlaanczlu 24 wu.(Bng)
V @9 volume of distribution of urea Winfiu TBW
(Bm9) 210 BIA ¥389NMIAUIN
9 vannsamuanlasAnnnduysliunme syl
thwiin (wt) HuiTansu uazanuge (HY ifusudiues Tdges
PD9Watson method il
dmiugane
+0.09516 *81g
fmTuEndy  V=-2.097 +0.2466 * Wt +0.1069* Ht
V asdiussnadevas 60 sahmingduilansy
Tumame wiedosavsszavhmingadudlansulumwemde
3. n'szzu‘iuﬂ%mmﬁﬂm”mmH‘[ﬂﬂ@mn ECW/
TBW mmﬂém bioimpedance analyzer
wisnudashmasnaniieviihsaununudrinoed
Yszneuzaviemelasldiaipex Scan plus Il body composition
monitoring 9 W multifrequency bioimpedance analyzer (BIA)
Ya9U5EM Jawon Al lae¥a ECW (Extracellular water)
e TBW (Total body water) %euamﬂ%mmﬁﬂm’wmﬂ
Tuns@neniienunazihiu 41 ECW/TBW >0.4 sy
iuiugihedifilusemelnd o ECW/TBW < 0.4"
4. myfansgadunglaaluiboyrseiss (actual

V=2.447 +0.3362 * Wt +0.1074* Ht

peritoneal glucose absorption)

fidrdamnafnsifvihmandesiasie 24 $alug
unaniudensgadunglaganiisndelanietovifas
Anlansennuianunglaadildaofunsiiayyoviosay
fredFuunglaaiinsmdsluiendrelaneulassasnain
Faaving‘Laiina Glucose absorption MNATUIUIN ultrafiltration
efficiency (UF efficiency)

UF efficiency #a U3u1au net UF saniumsgadn
anslulawnsm B9UF efficiency (umiiu/asuudasauna
madethenlugiasios (dwell time)®

ms3iAseRgoyamvan

myanzineada vhlesldlusunsy SPSS version
16.0 a0ALBINIIUUY (descriptive statistics) Wipasuny
auansuzduyaralasn iy Japazaedy @i
Weswusnasguisegu mmge mgegnauainideoynu
(Inferential Statistics) mmﬂ%auLﬁﬂuﬁagmﬂ“jw%mmﬁm
magadunglas Usinanhluswmes wazSnalasiulugosiio
¢4 Student T-test Tunsdidoyafimauanuaund wazld
Mann-Whitney U test nsdifayauanuavlivni andoyaide
Aumw Wisuiieulagld Chi-square test/Fisher Exact test
uasfiad p-value toanh 0.05 Wuusdumesia wasnniu
WENANUSZANS AN (correlation coefficient) 3213
mi@m%ungiﬂaﬁuﬂ‘%mmﬁﬂuiwmﬂ 14 Pearson’s sample
correlation coeffeicient waze p-value fiaendt 0.05 u
VLRGeS RRL

wamsfinu
snuauzinlyyseing
Tugihedslamssesinsenmsaviitulsswenmnansia
AoudiiounnTants woAAIneu 2558 § 52 AU Nl
M3 46 au 8 5 auusufaiise Bn5 auldauisadu
Ténasams¥aussnanhlusieme Seddiheidhnsideies 36 au
Huwrmnedovas 44.4 flenglady 56.6+14.3 T anaems
¥ CAPD 1w 13 (6,84) fiau asaaemuwuain1sfidn [fu
sty 6 aulu 36 au (3opaz16.7) matssdulaeldindey
BIA wunzhiiuduau 28 au ($opay 77.7) luswnudfiging
22 au (30uR278.6) é‘ma;i‘lumﬁuﬁﬁm’asﬁwLﬁuimﬂmwhiwu
pmsuaavmendiin amaweslsalaneiseselugiheioun
saulugiiannlsawmnu 22 au (Geway 61.1) dieiu
WY 25 910 36 Au Teefumundenidayh CAPD
3 au BB CAPD siflum 6, 11 uaz 27 iieu uay
fimwainzasnaidulsaln folinswave, IgM nephropathy
WALFSGS muadu Tardandugldun lamnaiden2 au Ana
Mudonge 31 Audiuudy 1 au fihedwlve (29 910 36 Au
winfovay 80.6) tudilaazaunnnin 100 Aaddassaiu Anay
PIUINIU residual urine WINAY 545 (0-2650) RadanImaIu
dthushulva (24 Tu 36 Au wiadawaz 66.7) Thendvdov
Vinvrfinemuidndu.5% Usinu 2 §n3 4 seusatu (e i 1)
dnuaizvasgile CAPD #ifiamziiiu
Audnuuznllaefiiy CAPD wudhgihefifiany
difufiongedsunnniidiasiifvianasnhlusisnmound
(59.6+13.4 Tifinuif46.0+13.1 Ueuansiy, p=0.02) (F3197i1)
swgueslsalaneFasefiiiaanlsawmmilufiheiiame
thiAug 20 910 28 A Gopave1 4) Wsuiugiheifiamzaiung
#2910 8 AU (3BBAZ25) (p=0.04) NnHLlE 28 Aufifinmziiiu
nnmsdssdiudiy BIA anTaienenueainInieaidin
fdnldiunmzinfudies 6 au ($enaz21.4) Tususiiging
it lusemeUnfnnnstssduse BIA lifflasnaseme
wunmzhifuas dihe CAPD fiflamziAufissdy serum



Journal of the Nephrology Society of Thailand 57

albumin 7igN71 A8 3.440.6 NSNFADIATART Lﬁﬂuﬁugﬂmﬁﬁ
1lusmeUn@ 4.1+0.4 n3NABABANT (p<0.001) INATIV

'
a

1 2gthy CAPD fiflnmzuniiu HoAle fuwldugenidihe

fshluswmedni Gowaz 59413 Wisuiudosas 4.940.7,
p=0.06) 32# NT-proBNP lugthaCAPD fifinnmhiiu (60135
(432.0,358157.0) Alansusinfiaddna] Juuilingeniigile
At lusomennd [3591.5 (187,6902) filansusafiadana]
(p=0.07) lWLANNUANFAINTENINNA, body mass index,
AMNAULADA, NUIULIAAANNAULEDA, FUIRLNTUTlaaNE,
YSuaudlasnzsaaiy, zgmﬁﬂm{a’w\ﬂm (E3fi1) Tdwuana
WANANTLWIN FBS, hsCRP, Hemoglobin(Hb), Hematocrit
(Het), BUN,Cr, eGFR, sodium, uric acid (m‘i’m‘ﬁé) Taiwy
mwmmf?m\ﬁwdwweekly KT/, weekly KT/V - uaz
Anwuzidaytedyiaean PET seving 2 ngu (A51903) ua
TiwuanauanseszrivyFnungleailalugesios U5inu
ultrafiltration 52wine 2 ngw (A3t 4) magadunglas
Tugthe CAPD #ifinmziiAulifianauandwiugihedsh
TusemeUnf (66.20+12.77 wisuiyu 66.06+23.99 n3usadu,
p=0.98) (97 4) uANUANENALS UUURNRUTZRINMINR
%’Nﬂ@IﬂﬂﬁUultrafiltration (r=-0.406, p=0.01) (gﬁﬁT)

A5 1 AuansUzNug UG

Univariate correlation 289 ECW/TBW lugiile CAPD

MTATIA univariate correlation tpviladefifiau
fuusiy ECW/TBW wudanuduwusiueny (r=0.469,
p<0.001) (91971 5) FUNUFTUIEAD HbATC (r= 0.340, p=0.04)
(3Ufi2) urdNLBuUUNNAURDTERY serum albumin (r=-0.572,
p< 0.001) (miwﬁs)

ROC curve szwinnmzhifiuan ECW/TBW uaz
A1 NT-proBNP WU1956u NT-proBNP #isnn3n 2,200
Alansudafiadans fanuhlunsdtaduiifiuiosas 74
anuswzlumsidedmhiiuiosas 50 positive predictive
value Sapaz 84 negative predictive valueSaeas 36 accuracy
Sopaz 67 [AUC-ROC 0.71 (95% Cl: 0.53-0.89), p =0.07]
(giJ‘ﬁ 3)

ROC curve svwinnmzthifiuain ECW/TBW wazen
serum albumin WUINTisEAU serum albumin 3.85 n¥Nsie
w3dns AanablumAteduhiiuiosss 786 anusume
Tumsifaduiifuiesas 87.5 positive predictive value
Spuay 96 negative predictive value 3puay 54 accuracy
R 80.6[AUC-ROC 0.87 (95%CI :0.74-0.99), p=0.002]
(3Ut 4)

. ¥ : a i ¥ : a
Mean 923/median ﬂQNu’lTu‘i’]ﬂﬂ'lHﬂﬂﬂ nqum’[uﬂammnu

N=36 n=8 n=28 P-value

21g @) 56.6+14.3 46.0+13.1 59.6+13.4 0.02
WAL [AL(%)] 16/36 (44.4) 3/8 (37.5) 13/28 (46.4) 0.71
VausENT CAPD (1fiaw) 13 (6,84) 12 (8,27) 14 (6,84) 0.42
i} ma‘[wlmmmmmmwu [AU(%)] 22/36 (61.1) 2/8 (25) 20/28 (61.4) 0.04
ﬁmm‘suammamn:ﬁﬂLﬁu[ﬂu(%] 6/36 (16.7) 0 (0) 6/28 (21.4) 0.30
Body mass index(kg/m®) 24.9+0.7 22.8+4.8 25.6+4.2 0.12
Systotic BP (mmHg) 143427 146432 142426 0.68
Diastolic BP (mmHg) 81+16 87+18 79+15 0.21
Fwnumnanenuduladngs (@ila) 3(0.5) 3(0.5) 2.5(0,5) 0.79
PuneNTudaanig (mg/iu) 250 (0,1000) 165 (0,500) 250 (0-1000) 0.72
flasnizey [AW(%)] 29/36 (80.6) 7/8 (87.5) 22/28 (78.6) 1
USanuiaaniz (mL /) 545 (0-2650) 615 (50,1950) 530 (0.2650) 0.62
gmﬁﬂmﬁﬂﬂm [AL(%)] 0.27

1.5%2Lx4 24/36 (66.7) 5/8 (62.5) 19/28 (67.9)

1.5%1.5Lx4 4/36 (11.1) 1/8 (12.5) 3/28 (10.7)

1.5%2Lx3 +2.5%2Lx1 3/36 (8.3) 0 (0) 3/28 (10.7)
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A1599 2 doyavipvfiRinmsiugu

A1524mean/median nganirlusrsmenn ngairlusemeiiy P-value
FBS (mg/dl) 106.2+30.5 104.1+41.1 106.8+27.7 0.83
HbA1c (%) 5.6+1.3 49+0.7 5.9+1.3 0.06
HbA1c>7% [P14(%)] 5/36 (13.9) 0 (0) 5/28 (17.9) 0.57
NT-proBNP (pg/ml) 5538.5 (187,358157) 3591.5 (187,6902) 6013.5 (432.0,358157.0) 0.07
hsCRP (mg/ml) 0.08 (0.03-3.58) 0.09 (0.06-3.58) 0.08 (0.03,2.95) 0.88
Hb (mg/dl) 10.9+1.6 11.0+1.0 10.9+1.7 0.77
Hct (%) 33.3+4.1 33.8+3.4 33.2+4.3 0.71
BUN (mg/dI) 49+16 54+14 47.3+17.0 0.32
Cr (mg/dl) 9.1+3.5 9.9+4.7 8.8+3.1 0.43
eGFR (ml/min/1.73m?) 5.78+2.29 5.63+2.45 5.82+2.29 0.83
Na (mEg/L) 138.6+3.5 140.1v3.2 138.1+3.6 0.16
Uric acid (mg/dl) 6.8+1.7 7.3v1A 6.6+1.9 0.39
Albumin (g/dl) 3.6+0.6 41+0.4 3.4+0.6 <0.001
a3t 3 dayannamaliissuesmavienla uay PET
A9 ngailusemeund  nganirlusremedu P-value

Weekly KT/V PD 1.62+0.52 1.68+0.55 1.60+0.52 0.29
Weekly KTNWatson 2.14+0.76 2.20+0.81 2.12+0.75 0.8
D2/D0 glucose 0.59+0.09 0.63+0.09 0.58+0.09 0.21
D4/D0 glucose 0.36+0.09 0.40+0.06 0.34+0.10 0.17
D2/P Creatinine 0.51+0.12 0.46+0.09 0.5+0.13 0.18
D4/P Creatinine 0.72+0.14 0.66+0.09 0.74+0.14 0.16
Transport status by 0.12
D/P Creatinine

High 12/36 (33.3) 5/8 (62.5) 7/28 (25) 0.22
High average 12/36 (33.3) 2/8 (25) 10/28 (35.7) 0.69
Low average 12/36 (33.3) 1/8 (12.5) 11/28 (39.3) 0.09

asefl 4 Foyansgedunglaslugesiovwsviie

A9 ngairlusemeund  agairlusiemeiiu  P-value
UF(ml/day) 750 (-1400,2600) 1200 (0,2000) 650 (-1400,2600) 0.16
Glucose exposure (g/day) 109.53+15.69 112.29+21.52 108.74+14.01 0.58
Glucose Absorption (g/day) 66.17+15.52 66.06+23.99 66.20+12.77 0.98
UF efficiency (ml UF/g glucose absorbed) 11.00 (-7.40,62.67) 11.80 (0,62.67) 11.00 (-7.40,51.85) 0.68
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A5 5 ANnuaNLSIEIsUSInash lusemefuparameterdue

Pearson Correlation/

Sig. (2-tailed)

Spearman Correlation

Age 0.469" <0.001

HbA1c 0.340° 0.04

NT-proBNP 0.186 0.28
Serum Albumin -0.572" <0.001
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peritoneal glucose absorption (gml/day) HbA1c (%)

31]17; 1 AnuENWUSEwIg peritoneal glucose absorption iU ultrafiltration
(r=-0.406, p=0.01)

Uil 2 Awdiusszwing HbATe iy ECW/TBW (r=0.340, p=0.04)

ROC Curve ROC Curve
1.04
1.0
0.8
0.8 I
g g 0.6
B 0.6+ 3
c c
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0.4
0.4+
0.4 0.2
OO T T T T OC T T T T
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1- Specificity 1- Specificity
31]17; 3 L&AV receiver operating characteristic (ROC) curves 98y serum gﬂﬁ 4 L&A receiver operating characteristic (ROC) curves 98y serum

NT-proBNP waz ECW/TBW fncut-off value i 2,200 wnlun3u
dafinaans fanablumahwsamaiiudosas 74 A
$98a=50, positive predictive value S08/as 84, negative predictive
value 3pBay 36, accuracy 39uaz 67, AUC-ROC = 0.71 (95%
Cl : 0.53-0.89), p=0.07

albumin Wz ECW/TBW #1 cut-off value 7 3.85 niusaiadans
faablunaiwnsamishiiudosas 786 anudumzioas
87.5, positive predictive value 988z 96, negative predictive
value 38882 54, accuracy 38/a 80.6, AUC-ROC = 0.87 (95%Cl :
0.74-0.99), p=0.002
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onusg
nmagadunglaslugosiosnninesiinadaniziiiiu
smwmauadvil 1) magads osmolality luthen PD finasio
mM3me UF anay 2) dwafa peritoneal membrane Tuseazen
sunalvinaneduanuiy fast transport auanaLfiu peritoneal
membrane failure ¥ l¥inshiudedy wilunsdnend
1u cross sectional study LLazﬁﬂaﬂTumiﬁnmﬁmﬂmj
wigvh CAPD T@ufievt ¥ Svanaviflinuemaduiusssning
migadunglasuaziuyiuianilusienis snnisdnm
789 Konings WUANMNANWUSTZWINENEE membrane LAz
Ysanauihlusrene® uwalunsfnenadeillinuanuduiug
AN LULABITUNSANEY EuroBCM study® Lagn1sdne
sevsTmAILTEMmna1szEZ a5 CAPD pEfi 14.6 (Aau"
TInddpeiunisfnmeseiide 13 wiou arvlsfimunuin
Tumsfinmaseiinuinsinn UF flenuduiuduuunniuiu
peritoneal glucose absorption %ﬂaamﬂﬁaqﬁ’ﬂumiﬁnm
98¥ Bernd Stegmayr’nani@e peritoneal glucose absorption
flarudniusiy UF Sududusevhiioanansremeusls

Fuwusuysunanihlusiene teiwzysunaihlusiene

Feturuaanhiidluseme suldurivsmubuazinds
gt ldsunanaiu
NMIANE Euro BCM wuidpear 52.4 wavgilie
chronic PD §inmaziiiu uazdosas 25.28inmsbifiuann’ uas
nmsAnsuunlUieheeelssmaunuiniosaz 66.8 189
#the CAPD finmzhiiu Sslumsfnunadeilinunmzihiiu
fudoway 77.7 amsAnsludunaefinanly 1 U wudn
fmsiinlsevila(cardiac event rate) qamn‘lunq’umazﬁw
dWudlodisuiunmahund Gosay 17.1 Wisuiudevas 6.9,
p=0.02)" hl¥iindpuiihszionsiialsavilalugisnnah
Wy s
mafnEaseiinuinmsifuduiug (independent
associated) ﬁ"umﬁ;ﬁmﬂm"], serum albumin #iR1N31
Femoandaviunmsfnezesiu’ uaz EuroBCM® ECW/TBW
goazdiudiulsninmmu mnahmaludongs azan effective
peritoneal concentration gradient am net ultrafiltration'
fimaifia peritoneal membrane transport 989 small solute
snnndauliifuwvu™ msfneaed inuanuuansag
999 ECW/TBW sevinegthedifuuaslsfuwnvmnu usiwy
AnudLETnIe ECW/TBW fusnmnzaslsalaneises
vy Seeradumwnggaslunsd@nsniiiunm
wAsNEh CAPD 3 au Seundgiheiwmnuifiusmnu
Wrazithlustemedinanndt avanssduiaaluiion
fienuguennnilunis@nuiafedlinuainuuansiveas
peritoneal membrane transport 989 small solute Fennelu
naufuasiiiamaaslsalanedasennwmiuualily
wwny wazgiheiduuasliifuvm wwdedulune
mafnmn™ usnaniimAneaey Fan wazany Tugthedela
nMutasiasiivhaniade 16 Wauwudn ECW/TBW Suuand

Unaniluseme Wi ECW/TBW geasdiniudiusuanen
anANNaulaingy, M3dl residual renal function Wasiiaeus
mafnsaseiiiinuanugiiussnan ™

lums@nen Euro BCM study 9NN373 LATIZY multivariate
analysis linuanadniusssreUsinau lusheme uassano
aansiimasa suidmimlumsinmnadeiifeiinnzsinu
thlusmegviuiodnsinauhildngsemedae

yinmasmehimewummzhiiunngihe 6 milu 36 au
(5o818216.7) finzshiiulas@nan ECW/TBW snnniwse
WAy 0.4 U 28 Au(Geuay 77.7) FotuLASaIBIA 39
s msuamamnanmziiiuiinmasemeliny (subclinical
edema) 1¢'®

mafnE Ty Iz iugniuSiU serum albumin
fisndelumsfnmadeilissiy serum atbumin iululume
Weaiufe 52AU serum albumin HAMNENAUS WUVRNAY
funizihiiy serum albumin fishninlugiaedsihiiu
aw@ummqiﬁﬁ’nﬁmwmﬁ colloid osmotic pressure ‘ﬁlmé’l
winonafunannhemodilution :naazAu

Tunsdneiladeiinudnamsdhusuiuiiu HoAa1c
fifiwnliugeninhazimawasannide fashmaluiongs
¥l osmolarity annBuma Fevinliszansamlunagath
hgdosiewilalitiin uazdenal¥ifinfluid overload MmN

Tuns@nsae9 Gangii, Papakrivopoulou WaZMIANEN
289 Davenport WL INT-proBNPaNUS U ECW/TBW uaz
NT-proBNP gisiasinoverall survival” Sslumsdnmassiinuh
NT-proBNP Tugiheiiuinanhlusemeanniiuunliugs
ngihedsihlusemednd udlifdeddgneada uas
Tinuanuduiusainmsieseisne univariate correlation
ilordululshmsfnmilseisnuauiseiuly

990 ROC curve sewinnmzshiiufivssifiulag ECW/
TBW uwazen NT—proBNP wuiien NT-proBNP fixnnnin 2,200
Alansusafadans danwblumahuweanahiiuiovas
74 BdlndiAseiuaitililulmenaufa ESC guideline
2008 fina1vi1 WA NT-proBNP 31nnin 2,000 AlAnsu
fofladans 1 lumsAtasdunne congestive heart failure™
pthvlsimufina@nnlugiielsalaifasowninmaisdu
289 NT-proBNP 3881a237.7 auiUsUMIanavay eGFR 10 ml/
min/1.73 m* Tusaizideniumwuinlugihe ESRD fivhmswenln
feasavlmfion wiodlamvdeniay fifemaund ffins
WineusEAy NT-proBNP guniunfguiiieniiu athslsfians
winfmafindusnnasduwusiu left ventricular hypertrophy,
systolic dysfunction, underlying coronary artery disease
FefimsFnwmuin NT-proBNP &gy ECw/TBW Tugthe
finenladisindavlafion Sena1aldd1A1 NT-proBNP
finnninunfiasvuenn1ie fluid overload wdARdadin
‘lummﬂawastmﬁm%a\aﬁuﬁ"’\a left ventricular hypertrophy,
systolic dysfunction WAz residual renal function” {33
FvzotausuuzIlungjifininasaaan NT-proBNP Tu
#ie ESRDIhMsanslamegaviesudmuinssdy 2,200
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Alansuaafiaddng fuualiwinguasdinnazdiules
onalisnfuseuldindo BIA
madnmniifumsfnmnusnlunsganudiiusssnin
Umnanhluseme fumsgadunglaannhendslameges
viovlugae CAPD dslaiwnanuduwusszning hydration
status U peritoneal glucose absorption Tiithaziduiwsy
fnanpifadeiiAsadosiunsiinanazsiiauluguedln
megasios uazwuhdessrisnmzihiAuludiieifiongann

M35EAU HbA1c g9 uavserum albumin A1 Byanmsdneil

WUy serum albumin sidndosAdauwusfunmasiiu
wdalaemnlden serum albumin i 3.85 n3usoIATAnS
Wushuwisnazhlusienie 90 ROC curve azwudn
fanublumsinenmsdiiudeas 786 wasiiausinig
Sowaz 87.5

msfnuiidesiade 1y cross sectional study,
Nuugiheoy wazldiA3ay multifrequency bioimpedance
analyzer ﬁ!\‘ltflu whole body bioimpedance analyzer &
A falunisguradosysanalusienie suiiles
NRINMINTEBVBY extracellular fluid NMTWaBULLAY
vhmeaviihe vlEianugndaslunssuwaiFesinaih
Tus1enmelaunin segmental bioimpedence analyzer?'
doue ECW/TBW fdadinlunissmanzhiivludiie
fisindanilordos 1wy fnmzmlasunms sligesieseg
wadiiud Ecw Fggeiuilven ECW/TBW anndu
Tumsdnei Wiginsuszdiunelnsunnis lddululs
H1 ECW/TBW fisnnlunsausraifumnamzymlasnmsle
wazMITasulIZNauTaNINNLFIY bioimpedance analyzer
wanzAunsguunlduanuudsuudaslusisneainnnia
naguissafaiien mnfinsdnmdaluasiusuaugios
fdsanlunsfine LLa“ﬁﬂmIﬂﬁ'}\mﬁ'}Lﬁamm’a‘[ﬁumw
fuiudssrinesinanhilusome nmmmmzﬂﬂa F9pawuIn
msmﬂwna‘[ﬂﬂwwauum’mmwuﬁnum%mmu o
LLu’J‘Vﬂ(ﬂuﬂ’ﬁﬂi‘ULUE\]EJuu’IEJ’IE\]’NIG]Lﬂugmi‘ﬂmﬂ@IﬂﬂuﬂﬂVIEﬂﬂ

unasu

mafnmlugiwarvlamedesiseatvsiaiilavaseil

Tianunsouaneliifiulean peritoneal glucose absorption
fanudiudiusnanh luhmeusfamadniusuwoaniu
fudBinas UF uazfowuhamzhifudiiusiuegfiann sz
HbA1c 171'@3\‘1 LAY serum albumin ‘ﬁlﬁi’ﬁ
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Original Article

The effect of peritoneal glucose absorption on
hydration status in CAPD patients.

Rajita Hantalom MD', Prasert Thanakitcharu MD?, Udom Krairittichai MD?, Boonthum Jirajan MD?,
Kumtorn Lelamali MD?, Sakan Bunnag MD’, Warangkana Pichaiwong MD?,
Wanniya Menune MD? Korntip Pattanasittangkur MD?
"Nephrology Fellow, °Renal Staff, Division of Nephrology, Department of Medicine, Rajavithi Hospital

Abstract

Background: Intraperitoneal (IP) conventional glucose-based cause structural and functional changes of peritoneal
membrane and may lead to fluid overload in CAPD patients. More than a half of CAPD patients have fluid overload.'The major
cause of death in dialysis patients is cardiovascular disease, therefore fluid overload will increase the risks.
This study was performed to find out the effect of peritoneal glucose absorption on hydration status.
Material&Method: Stable CAPD patients that start CAPD for > 6 months at Rajavithi Hospital were included. The
peritoneal dialysis fluid prescription was recorded and the instilled glucose per day was calculated. The removed
peritoneal dialysis fluid in 24 hours was weighted, the total amount of glucose were analyzed and the peritoneal
glucose absorption was calculated. The hydration status was presented as Extracellular water (ECW)/Total body
water (TBW) ratio which was determined by multifrequency bioimpedence analyzer. ECW/TBW of > 0.4 was defined
as overhydration and < 0.4 was normal hydration.

Results: 36 CAPD patients were enrolled, 16 patients were men. The mean age was 56.6+14.3 years and median
dialysis vintage was 13 months (6,84 months). 28 patients (77.7%) were overhydrated by ECW/TBW definition, while
only 6 patients (16.7%) showed clinical signs of volume overload. Diabetic nephropathy was the major cause of ESRD
in overhydrated group, and was significant higher than normally hydrated group (61.4% vs 25%, p=0.04). Peritoneal
glucose absorption was not correlated with ECW/TBW (overhydration), however it was inversely correlated with
ultrafiltration (UF) volume (r= -0.534, p=0.001). Furthermore, hydration status by ECW/TBW was significantly correlated
with age (r=0.469, p=0.004), Hb Alc (r=0.340, p=0.042 ) and negatively correlated with serum albumin (r=0.572,
p< 0.001). The NT-proBNP level of > 2,200 pg/ml trends to define overhydration status in CAPD patients (AUC-ROC
0.71+0.09, p=0.07).

Conclusion: In the present study, we could not demonstrate that peritoneal glucose absorption had correlation with
hydration status, while it had inverse correlation with UF volume. The overhydration had significant correlation with
older age, higher HbA1c and lower serum albumin.

Keywords: peritoneal glucose absorption, hydration status, CAPD, ECW/TBW, multi-frequency bioimpedance analyzer
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g “aenu” Tild “usufu” i =Ll A i
drulnaiiasesuduiluwaidundn (FiSuvheuli)
MFUFTAW unfifuvni3ed cornea lWmuny
Tsiwiuan pseudophagic dypIaS|a ﬁ)’mn’]il,ﬂaﬂu lens
neuwINYENNE1e FevrdaWaLY comea i 3 A 2
ﬂi\mmqmﬂiﬁﬂ Foluiwaey lens $9271 zinsvaziin
glaucoma UnngiiAnmansalifeniu asuiidenuesliiu

LAAIANNEURN

unlipenniiensniasu comea Bn inmzhinvdhedowanesviu
winaziiia glaucoma 119 2 AN ApvrEBALNBY 5 BENY TUAL 10
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oannlRomsdldnsnnlRsAanasiAamovoovIudde
modiulsalaluus:inaAlnaluewnnasinosiluoswlsnsu
widauazianensidedulsalaludszimalneidy
nnuaaey 80 I Auw. 3Au eifeudusau 2558 da
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foyaansuazgunsal medueuide Tfaun. aug
Wudedrvlunssununaziiuides 83dusied waz
Wautanssuduswionsuanuandiad ateiiunng Fewleh
gnsduwnd wazuwndlaalaynviugsfuiliisleala
saviszmalneaglussiuananaziiuguirszaulantila
Tosdszyndndnlnsand 7 alszyndldifieanudiia Ao
fiaf (anuszdnld) sundaes (Madanifusyen Aemadseifiu
gowmsal) A3z (ANnuRes) IR (anwndule) dadns
(ANEL) §aN3 (AMaGlastiy) ) wazgune (Ananvaslifle
ulwssbidelafuly) '«J“wﬂﬂdmmm Salgl
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CPC-Clinicopathological [Ge}giEEgle

A Thai male with fever, skin lesion and altered
mental status

wws sAdnasna, aiggy andana, alts Aadad, waedna mysuysd
a213ml3aln mATmerysmans AnsuNIEmEns JavNIAINIINE Y

dthemnalneg o1y 52 U pfidun ngowmwamuAs
andiw dhnams

oxmsaAry
Fuundu 3 Sunausnlsewenua

Us:acdoguu

3 #ai neuanlsswena Hduyuuey duadiy
anfisdumuuous 2 919 81n waluwh neae Bisy T
nuiduiilaneu Tdaseilsewenunaudemidsunndudein
Lﬁuﬁul,l,ﬁ B8N hydroxyzine, fexofenadine LA topical steroid
funvay udiuAundunssemaianniu Selunsadnadi
Tsanenunaldia 16 prednisolone 30 un./Au unan 1 wag
anavidu 20 wn/Au W 4 5u fuguas

16 Ju neumlaswenua fldeg lodniles (s
thyn Lifhevinssinside fasnzund duasasudd doen
paracetamol LLag ibuprofen ¥ MNU El’m'l‘ﬂﬁiﬁ%u

13 Yu fousnlswwenna Seilldey Fermsadumihen
widug 133 ludile wilessnndulud sw.ienau wsndud
m’mﬁ’]’uLﬁamﬁwﬁaﬂﬁmnizﬁumwﬁu norepinephrine
A9 NMBNWY fine crepitation both lungs (AT CXR Wy
cardiomegaly with mild pulmonary congestion, minimal
left pleural effusion, M379 electrocardiogram WU atrial
fibrillation with rapid ventricular response rate 120/min, LLag
M933 echocardiogramWy good LVEF, no RWMA, Minimal
pericardial effusion and minimal left pleural effusion L&ag
normal coronary angiogram

lususiuldsunsifiadedu septic shock with
pericarditis I(ﬁ’%’umi‘%'m:}’]l,ﬂuﬂ’lﬂﬁﬁ’suz (ceftriaxone,
clarithromycin, piperacillin/tazobactam as levofloxacin)
wazldenmunudomzmsisuzesilaiiiu amiodarone endusg
filgsu T#un amiodarone 400 xn./%u, aspirin 325 an./u,
furosemide 80 an./1i WA spironolactone 50 1n./ T B9 lASU
M3 usulsewenunauar 10 fu [Fanae 91msidy
wrhananay Aunvasud ey fud Feldeananlsamea
fN serum creatinine (SCr) NauaBNNNLTWENLIR 0.9 1N./AR.

navaananlsane e 1 U wduvtheanmilauis

4 Artuywiisanndu dewmadhuhbifiynideaiu 3-4 afy
Hu Foldusulsonsmna vdvnniufuanndu Tidue luiye
Taivhenadds wuinszanuauaiv 2 419 advaz 1-2 Jund
Wumasaian lafiuaungaunse [A5un130979 electro-
encephalogram L8z MRI Brain dndnlinuanuaaUnd
wiwudindien Scr Wnduiiu 143 > 216 -> 4.16 un./aa.
Tugwna 1 e Jaamzesnanasmietuss 50 sa./fu
Feavsaninundeiisw.gmnasnsel
UfjastseiRednuazuseiiiflsalaluasaunsn
UfanisziRmsangnuazguyi

wadasovsvomd

A middle-aged Thai male, not cooperative

BW 74 kg, Height 1.7 m, BMI 25 kg/m®

BT 37.4 °C, PR 100/min, RR 20/min, BP 96/68
mmHg (without vasopressors)

Vital signs:

Skin and appendages (3‘1]17; 1):

- Multiple generalized non-blanchable
erythematous to purplish macules,
papules, and patches at trunk, thighs,
legs, and soles.

- Well defined erythematous and edematous
patch with central hyperpigmentation at
right groin and abdomen.

HEENT: not pale conjunctivae, anicteric sclerae, no

thyroid gland enlargement, no palpable

lymph nodes

UM 1 uaavdnssiuzesyie
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Heart, lungs and Gl system: within normal limit
Extremities: 2+ pitting edema of the legs from the feet to
the knees
Neurological system:
- Not orientate to time/place/person
- Global aphasia, Occasionally myoclonus of
hands, legs and face
- Cranial nerve: no facial palsy, normal
gag reflex
- Motor at least grade 3+ all
- Sensory: can’t be evaluate
- Deep tendon reflex: 2+ all
- Clonus: negative Babinski sign: plantar
flexion both feet
- Stiff neck: negative

wadasoomvRovURUamMsIGovdu

e Hemoglobin 11.3 g/dL, Hematocrit 31.4%, Leukocytes
15,600 /mm?® (Neutrophils 90%, Lymphocytes 2%),
Platelets 70,000/mm?®, reticulocyte count 95,000 /UL

e Blood smear morphology (gﬂﬁ 2):

- RBC: normochromic normocytic RBC,
polychromasia 1-2 cells/HPF, microsphero-
cyte 1-2 cell/HPF, schistocyte 1-2 cell/HPF

- WBC: neutrophil predominate

- Platelets: decrease in number, 2-3 cells/
HPF, normal stain, no clumping

e Prothrombin time 12.6 second (INR 1.09), Activated
prothrombin time 26.9 second

e Urinalysis analysis: no urine

e Urea nitrogen 57.9 mg/dL, Creatinine 4.16 mg/dL,
Na 129 mEq/L, K 3.9 mEg/L, Cl 88 mEq/L, HCO3
25 mEq/L, Ca 8.5 mg/dL., Phosphate 4.1 mEq/L,
Blood sugar 97 mg/dL.

e Albumin 3.4 g/dL, Globulin 2.5 mg/dL, Total
bilirubin 1.14 mg/dL, Direct bilirubin 0.87 mg/dL,
SGOT 56 mg/dL, SGPT 37 mg/dL, Alkaline

phosphatase 142 mg/dL.

e |DH 1,549 U/L, CPK 275 U/L

e Direct Coombs’ test: negative, Indirect Coombs’
test: negative

e Electrocardiogram - normal sinus rhythm rate 83/min,
normal ST/T wave.

e Chest radiography - WNL
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1. Altered mental status with global aphasia with
myoclonus

2. Chest pain and congestive heart failure

3. Microangiopathic hemolytic anemia (MAHA) with
thrombocytopenia

4. Fever of unknown origin (FUO)

5. Anuric acute kidney injury stage Il

6. Generalized non-blanchable purpura at body,
trunk, and extremities

v 1 '
Ao

ndymusnveegiusedniiied altered mental
status, global aphasia LLag myoclonus Lfia localize lesion [{wu
localizing sign, meningeal irritation LAY increased intracranial
pressure signs 39AATN diffuse brain lesion N’mﬁﬂqﬂ Wiy
onset #u ¥lAnFwAIIN metabolic Uz microvascular
%30 venous lesion mnﬁqm Wptansandutl v dug
fifi3eyp09 FUO, skin lesions, MAHA blood picture uas
multiorgan failure ¥ l%ARTY

1. Thrombotic thrombocytopenic purpura (TTP)/
Hemolytic uremic syndrome (HUS) laaTTP i pentad fa
MAHA blood picture, tn&adans, [ane, 19 sawdufionns
MIFNDAD duFuLazdn @i HUS dnflannsmela (renal)
wiu Taedl extrarenal 16 1/3 uadnlaiwudamiou TTP

2. Disseminated intravascular coagulation (DIC)
@’ﬂ’mi’lﬂﬁﬁ multiorgan involvement 3ududussf
anusulafinsdasldien norepinephrine vilsiingy systemic
infection with DIC 1§ usida@ufa coagulogram fivnd

3. Systemic vasculitis NUTZIARTIITINNMNWLIN
aYnsfifailam EeedisvasnifensuiananouazanaLin
(small to medium size vasculitis) Iﬂﬂﬂ’]mﬂulﬁﬁg\i primary
(ANCA associated vasculitis) ¥138 secondary 91N m'sﬁm%a
1215938 autoimmune disease lnewuNA MAHA blood picture (61
ustnanidandnuni
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4. Paraneoplastic syndrome Feaasauanvann
TRWaN892UTINI932ULYIEaM (neurology) 3EULLEER
(hematology) mmim\agmﬁn (rheumatology) FxUUGBN
130 (endocrinology) Taslugilaeeilinds multiorgan
involvement §iy3UULEDALELIZULLS=EM Usl paraneoplastic
syndrome tusnan@em ML dutsyanm 1wu polyneuropathy,
myasthenia gravis 8au89NITULLEDAL TnandiBySIu
dindeafliwasdusnnnindesase MAHA blood picture® Wwafisl
F1ENUIENANY MAHA blood picture Tugihpuzisald

5. Catastrophic antiphospholipid syndrome” Wiz
#ithedl organ involvement annd1 3 szuuwioag fumslu
FdUai wisnaesnIwanTaiin s BudunTitady
U WawenSfinuingdi3eeeey small-vessel occlusion WAL
WaLdandniii329 antiphospholipid antibodies

WamsasovMoRoOURUGMSIWUIGL
e Complement: CH50 26.9 (19-40) U/L C3 81
(76-171) mg/dL C4 13.7 (10-40) mg/dL
Anti HCV: negative
e HBsAg: negative AntiHBsAb: positive>1000U/L
pPANCA: negative, cCANCA: negative (MPO, GBM,
PR3: negative)

e Anti HIV: negative

Anticardiolipin 1gG, IgM: < 12 U/ml (negative)
Anti B2 glycoprotein1 IgG: < 20 RU/mI (negative)
Lupus anticoagulant: negative on aPTT and dRVVT
ADAMTS-13 activity (Ha¥a1N¥1 plasma exchange)
34% (58-170)

Fibrinogen 2.82 (1.7-4.0) g/L

ASO <50 IU/ml, Anti-DNaseB <81.5 U/ml (<200)
ANA: < 1:80 Anti-dsDNA: negative

Anti smith: negative Anti-nRNP: negative

Skin Biopsy (gﬂﬁ 3): sparse perivascular
lymphocytic infiltrate. Vasculitis is not identified.

Nonspecific perivascular dermatitis.

Ty Gt A N G TR Ay

UM 3 uaavNanTIImewen3inenuiuimid

onusaEoon 2

NWANITNTINANLANLN WY Antiphospholipid
antibodies, negative ANCA, normal complement, normal
coagulogram, Nawe153ne1usiiafanie i wu e ey
vasculitis ¥l¥Aady TTP/HUS snniign

l3a TTP/HUS fanmsesnlumsinmuaze1aguuse
fodedudedinle Sbildsunmssneioanzan™? Tay
M3 Plasma exchange @9m3¥h Plasma exchange i
Humsl¥ ADAMTS-13 protease enzyme ﬂmmuud@ﬂamﬁ"a
anU3ana multimer vWF ™ Tagivih Plasma exchange Yuaz
1 ﬂ’%v'\ntazwmmuﬁ’m fresh frozen plasma cryosupernatant
plasma U33108 1 plasma volume famsvhusazade

1u@'ﬂqmswmﬁ fomsuazenmsuaaadnlany Pentad
289 TTP Foifunnizisesiuieldidurin plasma exchange
fiau ADAMTS-13 activity funfid (Juwaifeandennms
¥ Plasma exchange wiiAun@fliamnsovenlddngion
Tailenu TTP° Tnenfuswderih plasma exchange anaditleyvn
maudvizevidenfinUnd Seiudiovhalunisvh kidney biopsy
wilugtheseilndsaniih Plasma exchange fihediilayniiu
wdwwhenuazilaveawsulyFeldvhidu necropsy unu

wacdsoomowensdnen (sun 4 ia: 5):
The specimen consists of:
- Cores: 2
- Composition: cortex, medulla, corticomedullary
junction

Number of glomeruli (completely sclerotic): 11(0)
- Number of arteries: 0

All non-sclerotic glomeruli have normocellularity with
patent capillary loops contain fibrinoid material associated
with focal double contour. Most tubules have brush border
disruption and pyknotic tubular nuclei. There are no IFTA in
cortical tissue. Arteries and arterioles are unremarkable.
Immunofluorescense study: non-specific staining for all

immunoreactants.

JUfl 4 uaaewenFinenzalnawegialasmsdond HaE
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U 5 uanswenFinezevinawesialauniationd Masson's trichrome

asefl 1 annzes TMA waslsaiifisndey’

onusaiso0n 3

wenSanweeenz TTP '™ induaninsunaisy
fiD endothelial cell #319me WaiamsunaEuTmMeaznay
sunvlaamsUdes large multimer VWF Samuun@iudrfomeas
fin3a519 ADAMTS-13 %ﬂ WHu plasma vWF-cleaving protease
1161 VWF multimer Tianauaas walugihe TTP azimsne
protease %388l inhibitor #ia protease fyna W lRindnidan
ANTIWFINU (consumptive thrombocytopenia) LAANTYARU
waamﬁaw%u (microvascular thrombosis) Taswen3anIw
fuNaN13unI1 Thrombotic microangiopathy (TMA)*” Fauiu
NNIWUNNMILEALLUY Microangiopathic hemolytic anemia
(MAHA)Tae TMA 1 fanuiipdeelsamenainvansnga
Famefi 1

Established etiology:

e Infection-induced: Shiga toxin-associated [E. coli (STEC), Shigella dysenteriae Type 1 and other bacteria], Invasive

infection with Streptococcus pneumoniae (p-HUS)
e Complement dysregulation: Genetic Vs Acquired

o ADAMTS13 protease deficiency: Genetic Vs Acquired (including ticlopidine)

o Defective cobalamin (B12) metabolism
e Quinine

Disease associations:
e HIV and other viral infections
e Malignancy™, cancer chemotherapy, ionizing radiation
e Transplantation: Allogeneic HSCT, Solid-organ
transplantation, Calcineurin inhibitors
Pregnancy: HELLP syndrome
Oral contraceptive pill

Connective tissue disorders: SLE, Antiphospholipid syndrome
Glomerulopathy

Pancreatitis

Malignant hypertension

VEGF-inhibitors

Other familial

§n¥ouLenY thrombotic microangiopathy® fiwy
mewendinen laun
1. WeABEAIWNY light microscopy
° ‘Lm:ammmzwu
- Fibrin and platelet thrombi Tu glomeruli
- Endothelial cell 289 glomeruli Jansuy
pale staining %’Mﬁmmimwa\imaa‘
Tazazifiuusinal subendothelium ﬁﬁmi
WG
- Bloodless glomeruli (ischemic change of
glomeruli) ¥38 segmental glomerular necrosis
Lﬁﬂﬁ’lmﬁﬂmiqmﬁu%\? glomerular capillary
lumen 31NNNTUINTYDY endothelial cell LLag
N3)AAUIIN coaglulation product u capillary
lumen
- Mesangiolysis Tow Mesangial area 32QWAING
nNUnf
- Arterioles and arteries WUINH thrombosis
waze19d necrosis TaWIIIvRDALADA LMWL
d intimal swelling, mucoid change, intimal

proliferation LLaca1aWU fragmented red blood
cell I¢f
- v3namalauag interstitial 9xfimsiwAsuudas
Wudgndnlumuwendanmeaslnawesda oy
U’]\ﬁ’]ﬂﬁL‘ﬂl@MLLi\‘l 819NV cortical necrosis &
o TuszpzdpanazwunwenSanwaay membranopro-
liferative glomerulitis typelApwuaNBME splitting
130 double contour 283 glomerular capillary wall
#91Ana1n endothelial cell 3ufl uanwuaz
Léuﬂizuaumi’ﬁamlﬂm glomerular basement
membrane
2. WyIBENIWNTY immunofluorescence microscopy
Taiwuidl immunoglobulin deposit
e 97IWUINH complement LAZ immunoglobulin M
(IgM) V513804 sclerotic area (61
e WUl fibrin way fibrinogen 7 glomeruli W&z
arterioles
WENBFATWNY electron microscopy
Endothelial cell ¥n3zunuaziinsuanann e1awy
fibrin tactoids [#lu glomeruli
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e Mesangiolysis avwulluzeEnuan
e Laminarara interna %Iﬂix‘l‘??l& (Increased lucency)
%@Lﬁﬂﬁnnmiﬂmﬂﬁ’ma\i coagulation products (fibrin, laminin,
fibronectin)
mssnwlsa TTP Gu®'™"* nuvooniiu
1. nms3nunlaevialy (standard treatment)
a. MINHAIIE plasma exchange
- Wumsinmniddniign SeesiEuliisiige
melu 4-8 dalue vriuaztadee™ Tagld FrP
138 cryoprecipitate NAUNU 1-1.5 VU9
plasma volume®* ™ lUasfnmuaAI1891IN1IUaS
seuiniaiden Wansadon > 150x10%/L lrfan
133U plasma volume WRBWA 1 W1 UA?
ysindnatviipy 2 Tu

ad o

- Tunsdlfigeluainnsayin plasma exhangeld
ANl FFP 25-30 wa./nn."*™
b. sfipToss eaANIENTDY autoantibodies o
ADAMTS-13 Taelf high dose prednisolone (1 §in./nn./4u)
c. Supportive treatment
- mandundaden®™ farsant# low dose
aspirin (75 n. ’Yuam%\i) lughefiindnidon
2evgthe > 50,000 /uL
- Low molecular weight heparin (LMWH)® 31301
Wit pefunisiindnidon (thrombo-
prophylaxis) Iu"ﬁ’mﬁmﬁﬂlﬁaﬂ“ﬂa\‘iﬂ'ﬂ’m
> 50,000 /uL
- miliiden sansalild dddhefiaanisan
Mg
- el Twan (Folate supplementation)® WaNFaUN
Twdn Juaefinnazilaifanununn (active
haemolysis)
- milindaien® dudendmiugioe TTP
sniulunsdififidoneanuusieduiiedin
2. ms¥nugiasiilinsusuasdanisinundasiu
(refractory TTP)
a. &.fiusaed™ (corticosteroid)

4

Intravenous daily methylprednisolone 1n53/4u
wu 3 5u Tnefinsfinemui Smansuauseiifin
Wiaifisuiy prednisolone 1 ain./nn./Su

b. Twice-daily plasma exchange®''"®
Tunsdifiineusuaesiomssnu awsauiia plasma
exchange \fufuas 2 asold

c. Rituximab®"

- dsantilugiiiu idiopathic TTP fiflanns
nanawnsaiila Tnsfasanlisaludy
steroid LAY plasma exchange

- Ansantdlu TTP ‘17i refractory %138 relapsing

- Tae regimen fiuuztih A 375 an./a2 dUanvias

steroid 1A% rituxima

1 @59 Wunan 4 dleni

3. ms%’nmﬁﬂwﬁiainauauawia plasma exchange,
b4,6,18

a. Splenectomy s1aifindaunsndauannmsunsiale

uushifludidangavhauaslihlugiheiionnisasi

b. Other immunosuppressive:
- Cyclosporine ﬂ’n‘lﬁtﬂuizﬂzr}m@?\‘] Lol 6 Lhau
#uld Ta cyclosporine 1091y sansavhlwLAn
TMA T8 Fouushlfldlugiiae TTP finmsviheu
yavlnavii wazlinauausvsiaensbu
- Cyclophosphamide and vincristine 81aWaNIN
WHlugtheilinauauassa rituximab
mavasmsinsngiheiionmsugas dn & cardiac arrest

Feluganawdl [diy refractory sian13¥nmn 81dl role
Tumsl¥ Rituximab waziis plasma exchange Hu 2 ass
saduai dugthened edinnouiacldiumssnmanan

10NaNSO10dL
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