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New Adjunctive Therapy for
Antibody-Mediated Rejection

Pongpon Suttiruk, Kampantong Tangweerapong, Piyavadee Homkrailas
Division of Nephrology, Department of Medicine, Bhumibol Adulyadej Hospital,
Royal Thai Air Force, Bangkok, Thailand.

Abstract

Antibody-mediated rejection is one of the most serious complications after kidney transplantation. Rejection
is the second most common cause of graft lost following death with functioning graft. The current standard
treatment consists of combined plasmapheresis and intravenous immunoglobulin, which aims at removing alloantibodly.
The recent systematic review revealed variable responses among different studies ranging between 0 - 83%.
With better understanding of the complex mechanisms underlying antibody-mediated rejection, other novel
adjunctive therapy has been increasingly used in addition to the standard treatment. Current promising
adjunctive therapies are rituximab which targets B-cells, bortezomib which targets plasma cells and eculizumab
which targets the complement system. Alkylating agents and anti-thymocyte globulin have been proven ineffective.
Other treatments that may add benefits to the standard treatment include imlifidase, interleukin-6 receptor

antagonist, interleukin-6 antibody, and CD-38 monoclonal inhibitor.

Keywords: ABMR; treatment; kidney transplant; kidney allograft; rejection
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vosnmzUfiaslannueuivedfifiuuniuludetu vilddnnidsnssnwilnl q wldsufunssnwlegisunsgu
ns¥nviaduiinuiausadisnngfasiaannueuivedld Ao rituximab deoonguiiiwad B-lymphocyte Liundn
bortezomib fleangilnemsslenaauiead uaz eculizumab fioengqudtudamsiauresroundiud duntssnuiesy
finudlalleiua 1oun alkylating agents waz anti-thymocyte globulin n1s$nwasuduiinuitenvesdivselew Ao imlifidase,

interleukin-6 receptor antagonist, interleukin-6 antibody uag CD-38 monoclonal inhibitor Huduy
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dsuithelsaladofisrergainedosnniisnnmssentin
TndiAssiudszansunadsganitmistrdanaunulelagds
wonideameintedlaifisnnaznsinalanisiesyios Jagdu
ffnelasumsugnanelaluysemalneaufieiuil 31 fuaew
.61, 2562 $1U1 6,212 318 910 31 an15u Ingsuuiidsng
nssesvedlaiiszeznat 1 T Fevar 93.2 TugfUaedildsy
nsugnanelaanguianadifidin (Living Donor) uae Sevas
83.3 TufUaeildsunisugnaelainduiainaussnie
(Deceased Donor)* anzufuesta (Rejection) 1duaning
ddyenmmmisveamsgapdslalunndrmalnenuiduanive
Susuansfetosar 14.9 sesanmadeTinlaeilaugnane
Faanunsaviauld (Death with functioning eraft) dadl
Yovar 41.7° whginsinuniduinessuuinngufasie
Tnslanznnzuiastnainuoufiued (antibody-mediated
rejection; AMR) dapaluannnsudusiu 9 vesnisagdele

Favilidadin1sAumIn1sSnwLass (adjunctive treatment)
dnununglutagiu

sUnuuraInzufiaslnainuauivef

U330 AMR @181509 0 UNANNANYAUEN19aN1Y
INArEns Aunagin1TIHadeves Banff 2019 Classification
criteria IngagdosUsenaume 1) nang1uveansiikoufuen
folnKuIaIA (donor-specific antibody; DSA) Tunseuaiden
2) MANFIUYDINTITANIDLALITUNTATEITLNINMBUAUDR
funtavaeadontuls waz 3) wangIuveINITUIAEUYEN
ol Tnsannsauvsslavesninia AMR lawsil

1. ameufiastaainuaufivefuuudunau (Active
antibody-mediated rejection)

amzmsufasieielnesadundu Tasdnivajasiia
luszgziamangTuauieduavindsdgnaielauazaiunse
Aeludaslafls FamuimnniAalurisszeznamdnin 1 7
IniAnsaudunizyfiaslaainwad (T cell-mediated
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rejection; TCMR)’

2. amzUfslannueufivefuuuSesueiiies (Chronic
active antibody-mediated rejection)

amensfasidedolnegadntonduszezinauiu
FaduanvnddyresnisgadsnisvhauredlauuuFess
(Chronic allograft dysfunction) lagaauluelaaiunsa
wilulinduiduundlaudiazlasunissnwinazduiusdu
Sarmsgyidelatige’

3. mwﬂg’jLaﬁimmﬂLLM@U@%LLUUL‘%@%’& (Chronic
antibody-mediated rejection)

agmsufiasiafianansavsvenldanganieiniaus
LinundnguresdunsisenseninaLeuRvafLas iaondente
Falinundngrunislduszleviannsinvnneufiasie
Tuspail®

M33nw AMR ziisgloviluszerifinnsmiFuniesindn
§uvessunInIesEinaleuRuediule Fanuldlu active
AMR Wa chronic active AMR ity

nsfnwitugnilunizufiaslnanueuived
MENNISIaNENBaR s Ane g ulun153nw AMR sjatiy

f1dn DSA Tunszuadensnensidsuenanasn (Thera-

peutic plasma exchange; TPE) LLazmsammiﬂizﬁuﬁa

NNSABUAUDIVEITEUUQIANTUIIN B-lymphocyte Inanslv

10. Anti CD52 Antibody
Alemtuzumab

7. Alkylating agents
Cyclophosphamide

T-helper cell

Naive B-cell

6. Antithymocyte IL-6

globulin

8.1 IL-6 recepter antagonist
Tocilizumab

2. Anti CD20 antibody
Rituximab
8.2 IL-6 antibody

Clazakizumab
Antigen presenting cell

\\\.

Mature B-cell IL-6 , ‘

Intravenous immunoglobulin (IVIg) Lﬁaﬁué’jﬂmmauauaa
294 B-cell 1 Fc portion 1ng Immunoglobulin gz
Fududwildlunisdu Fe fragment wagnszduliiAnnisnne
293 B-cell mu3n°®Tud) 2009 Lefaucheur C. wazaasy l9dnw
\Wisuiieunsvin TPE Sauriulvi IVig g uiunsl IVig vunnge
igaeg1afien nudnnisinwsmiuiiussansamdiangd
wazdnsnissenvasledl 36 Louganiinisld vig Liaa
agnafisreehedifdfty (91.7% vs 50%)° ogslsAmuidie
Rsanlaenmsmumulssanssuegiadusyuu (Systematic
review) wuaudakdslunadnslaeionsinisnovaues
ogfiferay 0 fa 93 lnsammidiliusarsiosuday
upnAAuAnInAmIinaulun1Idady AMR szeziian
lunsiinnnedjiasie wazsuuaTaTLfeUTnm Vig 7
Tolunssnw udaedslufivdngudaauuinissnuinaingnd
Fensuuzindunssnuman vilu FDA public workshop:
antibody mediated rejection in renal transplant patient™
uaz KDIGO guideline 2009% lagdsnsnnifnn1unans

Snwsrezelaziiugiaud Ay lun1Iuinissnenig

v

psdentuloielnlanainau

nssneasudmSuasuaslnainuauiivad
nmssnwasudmsunnizufiasinainweuiived 91anus
lomaiBuaznalnniseengmasil (3Ua 1)

~ 11. Splenectomy 4. Anti CD5 monoclonal

antibody Eculizumab

Plasma cell

9.CD38 monoclonal
inhibitors Daratumumab CS activation
and

MAC

NK cell

X
e~

&
(9‘(@/@’300

Q‘(/
O3
Plasma exchange
/1. Immunoadsorption

/5. Imlifidase

Memory B-cell

Endothelial cell

U 1 nalnniseengvidvessndmiumsinuiadulunneuiaslnannueuived
ARLUAILI9 BShmig GA et al. Transplant International 2019; 32: 775-788"

IL-6, interleukin 6; IVIG, intravenous immunoglobulin; MHC, major histocompatibility complex; MAC, membrane attack complex
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N15A19ALaUAUaAN 2835 Immunoadsorption (IA)

ns¥nwindnmMsuAediu TPE tnelinisnseananayn
lugduusn aualen15dIna1auIHIuAINges immuno-
adsorption 8nafwnils vhlfawsoanseiuneuivedld
USinasnnuagdimzanntu' Hamitton P. uagaas l#dnw
85w AMR meS IA TnensnaaeluudsuuinguAIuAL
(randomized controlled study; RCT) nausiegnalugiae
Aldsunisugnanslauaziinisufiasinegisguussausosls
Sumsvlenle 10 578 uwdadu 2 ngu wuiinguithaninu
#e3B IA isANassavesesenlald 4 518 WSsuiTiey
fu 1 elunguilldsunmssnuitugrudensuiuenagd
Auiufissegnaiies egalsfinunisshwdaeisnananinuii
Taflnaluguaefidl chronic AMR® Doberer K. wazaniz
Isgaaansinwinieds 1A saudu TPE Tugdae AMR
filsinovaussiens3nwduu 4 578 wuiiausaan DSA
asldedslifoddny Taofvae 3 sefinnsihauveslaasd
waz 1 egadele’

guauRvanna CD20 (Anti-CD20 antibody)

Rituximab 1Ju Chimeric anti-CD20 antibody #©
wouRuTinIwadues B-lymphocyte aaﬂqwé‘lmaﬂixﬁﬂﬁlﬁm
n13an09 B-cell KHunnalnAouNAmLLALSUS:
nsiulnves B-cell lugnanauiwadilodosiunisaiis
woufveRdeagnelminnmzlfasisluaisenn Rituximab
Lifigvdsonaaunsadifosnnlsifinsuans CD20 antigen
ARwad® wdngruvesnisld Rituximab Usingidusedu
miseueagiae Ingld Rituximab 375 fiadn3u/maauns
TuglUhe 8 918" uaglyi Rituximab vu1a 500 dadn3ulugUae
7 518" $2uifU TPE waz IVig wusasnssenvedlaegiiovas
75-100 sipanmsfinwuuuiudoyadounds (Retrospective
Study) wundngiunissesvedlail 2 U egiifesay 90-92
Tunguill#$u Rituximab 375 fiadnfu/maaunssauiy
TPE way IVig iudunguilailé¥u Rituximab egfiifevas
50-60""

agalsfmunanIsneuauases Rituximab sia AMR ndu
Dusssiudlunisfinwiwuu RCT 3 msfinw Taglunis@in
93 Zarkhin V. waganz Tuiflhewin 20 s1e7ilesunsidads
active AMR Gatfuifuusinagihefitosuasdnnuunnsiaiy
Tunguiiihsaidedeutnann laglvi Rituximab 375 ladin3/
msaunsndanidunat 4 daiifimdudieuiio
Aun1slel Corticosteroids wagUusnagifuiu nuid
Tunguillésu Rituximab fU3ana B-cell Tudonuaniloideln
UinmanategenInsualifinnnuunnsvenissentele

pegsiitudAgneada® daulun1sdnun RITUX-ERAH Tu
fUae 38 $107ing AMR Tulusnvesnisugnansle Tag
Wisuisun1stien Rituximab 375 fadnsu/a151914ms
Tufudl 5 v89n153nW15uRY Corticosteroids/IVig/TPE
wWisueudunshilaen Rituximab wuanlifinnnuunnsng
vosnsgapdelnogadideddn® Jeldnvazindiofuludn
nsfnwideves Moreso F. wazan idnwilugitae Chronic
active AMR 91194 25 518 LINUAULANGAIUDIAIDNT
n13n303989lA (Glomerular filtration rate, GFR), s¥aulUsfiu
Tudaaniy, Banff score wagseau DSAY

nnsAnwfinannudedunuiwadrniesninnig
1#81 Rituximab %ewaz 50 fnisAndearslenialdun
Cytomegalovirus, Polyomavirus, 5?1?1516 LLazL%aiW WS
o19awosss Silutheiiinsndohfasusniaudaudae’
wivdngudsnsdinaudaudus Rituxdimab Alasunsuuziili
unildugndnvimadonanuummanisinunngufiaste
283 KDIGO 2009 dmiuuszwmelvedinisiiudayasin
Tsamgu1adisseningd e 2005-2012 Tugtaeilisy
NTI89d8 AMR Laglasu Rituximab 375 Saansu/a1579uns
SAuN15Y TPE waglui Vg 16 579 wuan Seway 80 dn1s
AevaussiauaziinisiauveslaUgnanefiasi deteya
Tudauvesyansamegedaey, sauauadaazeuin
V9481, 9INTVLALT wazNan1TinwluszezeNiifeIde
nMsAnnuaelU

ngilmﬁ'ﬁz)w?‘é’usﬁfdsﬁfafézm (Proteasome Inhibitors)

dlefinnsannnensaiseivenves AMR uwda nalanils
fiomendululdlunsinumanzd fe msviananauwad
Fsilnalaonsssonsadaueudued Bortezomib uenTioysTi
THlun1s3nw multiple myeloma Tnedinalnndnfessngvs
Judla proteasome daintifilaensdunisaarslusiu
fRaunAineluad? Fuilimarauigadiifinisaselusiu
siiaweuivefnasnnafinsiedusiufiinunfsiuuinn
wazdswaliAansaneluluilandaazsudimaatauouived
nolnuiaala? Bortezomib WwaAINANITABUALDITIR
pgstaauluszAun199189UAAY09 Walsh RC. uazany
Feldinnstn Bortezomib wua 1.3 fadniu/m1510uns
wld$nw AMR Tuduil 1 4 8 waz 11 Tufthe 2 5109l
poUALDINITSNHIFIBNTS WU IUSINAY Rituximab
wialinssnvmuinanansadudinmeufasialifosas 100
waranunsardn DSA Tdnnglu 14 Yu Taewdle Walsh RC.
wazazih Bortezomib Ul#lunssnuigtae 13 e
amzufiaslalugaeiu (el 6 Weuusnudsugnanele) uaz
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Tugfthe 17 efifinnzufiaslaludimds (mends 6 1Feu
ndagnenele) Tatunsinyiugiuias Rituximab wuth
annsadudinnzufiaslalddsiosar 87.5 wag 53.8 anu
v

uaNINT Waiser J. uazanlédnmnuuisuifisudou
Mélﬂuﬁﬂ’wm@ﬁu Bortezomib saufiunsl¥ Corticosteroids/
VIg/TPE 10 s1emuiniidnannissenveslnegisesas 60
Wisulsuiunssnenee Rituximab $3uiu Corticosteroids/
Vig/TPE iflnsinissenveslaogifivsiosar 11 wandli
WiunadmsTAnIegadaeu? daunlusedu RCT 91n9nAde
BORTEJECT Iéffimsuhduedldsumsitiadonnzufiasla
“R99InNUgnene 180 Ju (late-antibody-mediated rejection)
Tnswvsifae 21 seidunguitldsu Botezomib vun
1.3 fadnfuw/maaunsluiuil 1 4 8 uay 11 desou 1Hu
$1uu 2 seunaznguilldiugmann 23 s19 Selaiwuadny
LANAINUDINITANAITDINITYI19UTR e 19ldsdAYy
N3adR% nadraResfidfeyiives Bortezomib leun a1z
indnidonsmdawulifieieuas 32 lneTleranegitosas 40 vos
Aundnaganunsomeluldiadlunan 10 fu duuszsamiden
Fadutusiunslienluaininuazenaasdesfiansan
vignelunsdififonissuuss nsli Bortezomib 9199zdeq
fsananvnavessilugtheifmmsihauseiuunnies
dlosaniinsadnesiumseulesl Cytochrome P450%

nsg'.zlznﬁi‘/’qw?‘a”w%n75ﬁ7a7uwamauw§wwf

(Complement Inhibitor)

Tunszurunsiin AMR fasldmaunaiuus (Complement)
Duduneugariislunsiaewadvesetorzugnaie
Eculizumab Jusiifiqusifuseufiveseneumammi cs
Faduansdaiulutunouaninsvasnisnszduasundiuuy
yinidune®® iesiuiideustlunisldidnmane Paroxysmal
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ANCA-associated Glomerulonephritis
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Abstract

Anti-neutrophil cytoplasmic antibody (ANCA)-associated vasculitis is a group of systemic diseases that involves small
blood vessels of multiple organ systems. ANCA-associated vasculitis is classified into three subtypes: gsranulomatosis
with polyangiitis, eosinophilic granulomatosis with polyangiitis, and microscopic polyangiitis. The kidney involvement
known as ANCA-associated glomerulonephritis which represents severe manifestation of ANCA-associated vasculitis
is more commonly observed with eosinophilic granulomatosis with polyangiitis and microscopic polyangiitis. The
underlying mechanisms involve the attack of antibodies on the neutrophils which in turn activates immunologic
and complement systems resulting in injuries of small blood vessels. To make a diagnosis, serologic tests for
antibodies are particularly helpful because of the convenience and the high diagnostic yield. Nevertheless, the kidney
biopsy remains a gold standard for diagnosis and is necessary prior to treatment with immunosuppression. For the
past decades, cyclophosphamide has been the cornerstone for induction therapy in combination with plasma
exchange in severe cases. Recently, rituximab has shown comparable efficacy with cyclophosphamide with less
toxicities. Avacopan has demonstrated non-inferior efficacy to glucocorticoid with less metabolic side effects. Novel
insights into the pathogenesis is crucial in finding new therapeutic targets that will help improve outcomes and

prognosis of patients with ANCA-associated vasculitis.
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Azleantauarn ANCA

1@NANA AUENE, INSINAA ATEHITIO

g1 3nesmansisale 21AINI0IWTAITNT ALUNNEAIFATITINGIVIATINIBUA UNTING IS

UNANED

Tsaviaenidenunsdniauvia anti-neutrophil cytoplasmic antibody (ANCA) Lungulsnfiinssniauvesviasmdenuns
yuadnlumaneszuuiinme awnsadwunoonldidu 3 nau IéuA granulomatosis with polyangiitis, eosinophilic
granulomatosis with polyangiitis 8¢ microscopic polyangiitis nsiiseslsaluateazlafidunin ANCA-associated
glomerulonephritis Uatianuussvadlsa wagnulaueenitly granulomatosis with polyangiitis k&g microscopic
polyangiitis nalnnsiAnlsafianuiAeadesiunsaiawoudvedreindonvnialasila Jearlunssdussuugiduiunay
FEUUADLNALIUA A AN TNIAULAZNTUINRUYBIMABAEDALAILIAEN NATIHELATERAINTaYIETuNN Tl
Tsrldifuogned (desanasmnuagiienuarauiugngs eglsfimumanglauaznisnnadudelamanedinendadu
wesgdlunsidads lnewwznountsdndulalinisnudeenaglduiu a1 cyclophosphamide gnlfilugnti (induction)
Tumssnwumnumansdud nesinlisuiunsdeudonanaulunsdifiseslsafisunss drunsdnylvsinuin 1 rituximab
ansaliduenhlameussansamillndifesiuen cyclophosphamide wavilinadnafiestiosnin dawen avacopan wuihd
Usravsnmilsifeslunhenaiesosd luvasiitnadhafssmaumusdntiosni anulmififedesiunesidefimudonms
Anduisminuilu Sssteliiadnduosnisinu uasmawensallsaluositieiiflsavasnidenunsdniata ANCA Aty

Ardnfey: lndniay; lane; lsalaEess, enagl; msaillalaw; WWsius; dadenuwadulaany

unii

lsavaendandniay (systemic vasculitis) Wunguenis
fifinnssniavresmanaiien Aatuldfiuinuvasadon
yualug, suinnans vievuaian Sailugnisivuay
vosnaendon waziinimeveadeide (necrotizing
vasculitis) unauiagndiengulsaviaendenuuinidn
dntauviin anti-neutrophil cytoplasmic antibody (ANCA)
(ANCA-associated vasculitis, AAV) Immjmﬁumwlmé’mau
Aty ANCA (ANCA-associated glomerulonephritis)
Tuwdyuresnsduwunvtinvedsa ssu1aiven nalnnsinlse
My3tady waziumaguasnuge

ns3uunvliavasngulsn
TsAnannLaanvuInandnlausin ANCA 1WWun1ieid

NsoNLEULALIAANNSIUIAN8YINARALADAYUIALANLAEY
flifinnsazanveanidutuniefifivadntos nqulsaign
FPUUIIIANYMUEN YL IR INLAL AN YL ININETINE
919999UBUNINAVY Chapel Hill' Tl a.a. 2012 (Chapel
Hill Consensus Conference Nomenclature of Vasculitis)
Taeswunidu 3 nqulse dwielud

1. Granulomatosis with polyangiitis (GPA) Wun13anLau
FoYauuy granuloma wuemsiasniaulaves waginilenns
gessruumaAumelasdinuuLazaiuans

2. Eosinophilic granulomatosis with polyangiitis (EGPA)
WUNTENLEUEDSILUY granuloma S2uAURBINITUENS
veslsanouitn duiusiussrudaidenvnviindledluila
ﬁgﬁu (eosinophilia) wagsinlinun1ssniauiile

3. Microscopic polyangiitis (MPA) WuU®1N1TLENY

guseriusussaina: lenania Auana
diua: eakchakarji@gmail.com

o028
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malauazvaendenvuindnsnaulaves Tagldnunssneu
Gafuuy granuloma

poulaiin1she1un1Ie Renal-limiting vasculitis (RLV)
Wiy Tnevanefanguoinisvasaidenvuindnsniay
ANCA fifiornisuansiilmfissodraiion Tngldnuoinislu
SEUUdU

STUININEN

mMsfinwneszuIsivevedlsavaendentuIndndniEy
%fin ANCA Tl A.1.2017 nudnanuynuaslaatio 300-421
dousznavisdiuay’ wasiuwalifintuegadoiies
Suflownananudnivesnisnsaitdede Tsadnuld
NnYveny wisznulaunnludaeeny 65-75 U wuludseyns
Raannnaiam wagnuluinasieuinnimvgadntes’
agdlsimumuingiiinisalvedseviaondenvuiadndniay
¥iig ANCA fiauduudsanuaningiiaans lng GPA
agnuinnlunivglsUuageidni vazdl MPA aznusnnnily
wouvAtiede Tuaussmadunediu®® nenulsemelng
Tul a.a. 1999 lngransnasgulsungidus ausna
srusmdoyagUisainlsmeuiasudud Afldnuasmg
padndnlafiung rapid progressive glomerulonephritis
(RPGN) wuinflanmeanlsavasadonvuimdndniausiin
ANCA $1u2u 15 1gangteviavin 30 38 Anidiufesay 50°

Jadematugnssuiiduiusiunsialsn liun Uszia
ATBUASY 91NFINTRYANIINUGNTTN (registry) WUAIIY
\doansiinlsanasaideavunadndniauvia ANCA anglu
AsouATuABITUALTY 1.56 i1 AuduiusvesBy
3ilm PRTN3 (encoding PR3) wag SERPINAL (encoding
al- antitrypsin) vil#fiszeu PR3 Tumanaunfintuuay
w1lug PR3-AAV 1198 HLA-DQ polymorphisms duiusiiu
M5LAR anti-MPO ANCA® Haduneusnainerfinszsuliian
Tsanaandonuuiadnsniausiia ANCA (drug-induced ANCA
vasculitis) lgin propylthiouracil, hydralazine, allopurinol
Fedlammunalnnsiialsauldn’ wasitaenguiasdonis
tfosninfhemluuaziimsnensallsaifng1 eeslsfin
nalnnsifalseluguasnguilsslidanu Jadunszduan
dunndenudenisinide nuduasiidunimzvede
Staphylococcus aureus Wlnssagnensaariinaduswes
GPA 100 widsdivdnguanuidenlesdeudnaios

nalnnisinalsa

nalnnisiinlsavaenidentuimdndniausiln ANCA (3U
#i 1) Uszneudenszuauns dwioluil

1. Primed neutrophil

Tuannizunfdiadensnialnsiiaasegludnunsdeiu
(unprimed neutrophil) wazdiouRiaures ANCA Hulusiu
Laulsuﬁﬁasgmaiu azurophilic granules laln proteinase 3
(PR3) way myeloperoxidase (MPO) iflefitladaunsedia
oun Jadeneiugnssy Hadumssnauniensinidodai
s neuntdasilRTinsudmes cytokines dawale
woufufinaniinisuanseandifiveadadonunilalasila
wntu naedudadearniilasfiafignnssdu (primed
neutrophil)

2. msafriiduiuda ANCA wazn1snszduszuy
complement

UadenaiugnIsy v3e Jadenssnaunionsinde
find1aun iliszuugidufuvessranieinismovaues
AOLDUALIUYDIADY (loss of tolerance) T cell way B cell
annsedulvvihuneuaussiouauRiauylin PR3 wag MPO
Anmsassgfidutuseufiuefine ANCA 91ntu ueufved
arludufuneududiinisuansesndiinveadinidens
TnlmsTlasnnTuannszuaums priming AAnn1sNsEAU
Wintdenvialasila (neutrophil activation) wazinis
NIEAUYVIUNITONLAUNIY alternative complement
pathway tHundn Tay C5a agluduiu C5a receptor vuin
dindenunialasila vhldnisnszdunszuaunis priming waz
activation \insnTu

3. MSENLEULAZUNINIUYBABALADATUIALAN

idindenvihlasilafignnseduaziadouslugaduiu
wadldoyntimasaden viliAnnssniaunazuiniiuues
vaoAdenNIUNTEUIUNSHIY 917t Sinsndiansdniay
¥ilar199 (inflammatory mediators), insUdeeeuyadasy
29N%LAU (reactive oxygen species, ROS), ﬂi%@jﬂﬁlﬁm
Benunilnsilandans chromatin wazlusfiusnag siud
WBURALAUYBY ANCA (neutrophil extracellular traps, NETs)
nolWinnszuIun1s NETosis linilsnasaidoainnis
Sniavuazuimdulufign™ uenaninsruiunisnzedy
complement fliinturu C5a aenszduiliiiAn C5b-9 ifnLdu
membrane attack complex (MAC) vinlvivasnidon
I¥suunduinniu
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2=

A ANCA LauALRu

Y ANCA

e
L=
- Y

JUN 1 nalnnsiinlsAviaanidonvuindndniausia ANCA

ns3tdaRen1azlndniau ANCA

msidadelsavasnidenvuinandniauyiln ANCA S1udu
Aot fdn¥EN19AATn NINTIINBIUURN1ST serology
wazdnwasneSInesuileln Ussnousauiu

91N 1THALDINITUFA

lsavaendenruindndniauia ANCA Snigtheunde
gnsseumas indlosmus dmnan wavenaiiennns
Wudmanaiouneuwuwe® fe1nisuansiiieatetu
2787 VANNNANYSTTUU s?fuwiazﬂfjukﬂ (GPA, EGPA, MPA,
RLV) 9zflonnisuansiisneiu ssuumiaiumela ANUAY
loifa shwumnsfiaunfluszuuilldueslungulsn GPA 91713
wanseaiimelamion lokess lesaniden sulunauian
mMsshiauveaendenTwIndnTiunaen snanuudn
Tnssayndnian letfasniay viewudnuaesayngy (saddle
nose deformity) ®1anutenaisdusniinanuinund iudu
30 (nodule) vieidulnss (cavity) dwsunqulsa EGPA
Shnuhfernmsvedsaneudin szuufme aansanuiiuung
vdosmuusnaRmdald stuuUsvam eanisuansdiny
Uosiigafonsdniauveddulszamuuy mononeuritis
multiplex §Ua9zdiennisvifiviionie uvu v1 uay
syuulauazmaiutlaans wuanuRaundtidves waz Ul
fiflornsuansmsladndutledefinensaifdnsnmadedia
‘1’7iLﬁmgqsﬁumaﬂiwaamLﬁammmﬁﬂé’mawﬁm ANCA 91115
wanafinu laun e1mstaanzidudenainanzlasniay
Afifiadeaunduiiaan: amanuanufuladings vied
nsvhuredinanategrssandameluduaivielifiieu

Tngansuansnislnaznulugireynielungulse RLY, wu
Lovaglunagulsa MPA, GPA uazwuladeslungulsn EGPA
N139599N 1R UANT
N13A519N0UURNSE 2 35 adedu fe indirect
immunofluorescence (IIF) Sudwiled e, 1985 1n8 van der
Woude uavanzldinisnsaadldlulse GPA Wuafausn
arlddnisWaunsounaunsialduindy 33dldwannns
SutuvesseudveilnslduoufveniidouansiSonasasly
FufuueuivefifesnisnsInvets manunsEoas
Andunaniienansinduuin UshuiinedSeuadunse
wustiale 2 wuu Ae Aedusalslanatadu (c-ANCA) uag
fadusnusoullneadea (p-ANCA) uaz enzyme-linked
immunosorbent assays (ELISAS) 38msiagimstaueufiau
wiousuivedlifuiwan antuiddduansmuazioulss
aslUviuasen winnaduvanaziinduduazineves
atududiay TefiRearunsavenldvisluBanmnimuas
BeUSuna wuananisasiveendu 2 vianuviinves
weuRveAfinsIany ldun anti-MPO (Fuwusiu p-ANCA)
LA anti-PR3 (Fuiudiu c-ANCA) Fwisansulndusiusiv
naulsAkaroINSLARILANGASAY
INAUNUANITNTIINN serology VoslsAnasnlden
yuaEnsnausiin ANCA Tull a.a. 2017° (eaiensnsa
35 ELISAs Idfinmsiunauiiussavsnmaauazuiuginniy
dun13n5938 IF 01alyinadnsliasiiluyansiavesusay
SN Feuuzilildnisnsi2a838 ELISAs tHudusuusn
mnwansiatduatuazdnvagnenddndadlanulsaviasn
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Fonvunadndniauaia ANCA Fsaasfiansanmsrauiiaiiy
Taons1933 ELISAs Tldinatiadiaesu3eds IF iy oedls
A7 wan1sn979e8 ELISAs 4 llamnsathlldlunsfiaana
3o UsziliugUneszninanisquasnunld 1iesanenads
ATIINUNULBUAUBRA ANCA 1uuinegndinissnuinie
o1anuImansaanaunateidunavinintuluguaed
flsaauegiiy wilazivoyainan1InsIanieid ELISAs

A15°97 1 91NTUERY LAY NARTIAN serology

gaglunisviiunenisiisuvesialsalueuian wangslud
ndnguustisUszleniiidanulunisinnugvisdaeis
mana1y Feddliuuzilildnanisnsrasenaruiduwuini
masnedielsanasadenruinidndniautiln ANCA®

muiiduTenaz U0 INsUANILALNANTIINN serology
lungulsanasnidanvuinidndniausiin ANCA uwandlu
A51al 1

yinvasngulsaviasaidonvuinansniduyiin ANCA uazauiilusasas

1o 90 80 20
ARV 40 40 40
Jam 50 90 90

7 AD AN 35 90 70
nanile 60 60 50
SyuUUsEam 30 50 40
PIBAUDINNT 52 50 40
Anti-PR3 40 70 5
Anti-MPO 50 25 40
Negative 10 5 55

ANCA; anti-neutrophil cytoplasmic antibody, MPA; microscopic polyangiitis, GPA; granulomatosis with polyangiitis, EGPA,

eosinophilic granulomatosis with polyangiitis, MPO; myeloperoxidase, PR3; Proteinase 3

n1srzlaiensIan1awe 5 ne)

nmaglaensiamaneFinefeduisuinsg (gold
standard) lumsifadennzladniauiiisatosiu ANCA Tng
Kidney Disease: Improving Global Outcomes (KDIGO) leioan
WU UR Clinical Practice Guideline for the Management
of Glomerular Diseases Tul a.A. 2021 wuzihlminseig
netuielafiodmsamaneisineluitasynmelaed
Faslivlinssnuadiiosnnsenisenstuiioln®

N13M529978 light microscopy A& WUANWAZN1TONLEU
wazLiemeusna glomeruli ¥l slomeruli unnoanuaz
nasansdonanin1sdniauiing Bowman space ¥ni1nns
WNaNTNMTeIaasni@uraIeia WU T lymphocyte,
macrophage ABlAAANISLUIRIYDaE parietal epithelium
sufudutudnuazadionszdund Bendn crescentic

formation Iﬂaiuﬂzjuiiﬂ ANCA -associated glomerulone-
phritis 9¥WUI1 crescent Aintuduiivannanesyesuiiy
(multi-stage) 1;13\1 cellular, fibrocellular wag fibrous N
AUANF199INNGULSA anti-glomerular basement membrane
disease (anti-GBM disease) fifidnwae crescent \Juszes
e néeufunudnvagmsmevesioifeuaynsazen
203lWUTU (fibrinoid necrosis) LAZEINITONUSN YL
A158MLEULUY granuloma 1§ Fednwaszne1dineafinu
970 light microscopy wuseantadu 4 Uszinn laun
(1) sclerotic class i sclerotic glomeruli 1nnnI5BAY 50;
(2) focal class & slomeruli fiunfinanninsasas 50;
(3) crescent class & glomeruli fiwu crescent 1nnin¥osas
50 war (4) mixed class lidudnuvazvonic 3 Ussam
Fr9fu MIsuvsdnearnendineriinuain light microscopy
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Ju 4 Ussanilivselondlunidisvenmsnennsellsa Tne
sclerotic class fimsnensallsaugiign nuirdasmsogson
voslail 17 agiovas 50 luvaisil focal class Inswensal
Tsnfiign wuidmsinisegsenvedladl 1 U egfifevay 93
du crescent uaz mixed class f8ns1nsegsenveslnil 11
ogjfieuay 84 uazovar 69 puddu’

139599928 immunofluorescence ngulsniazéon
immunofluorescence lfnunsafnfissdntos vldilse
ANCA-associated glomerulonephritis fi5ndede pauci-
immune glomerulonephritis @UN15M319078 electron
microscopy wlinuanwaguss electron-dense deposit

N1sUTEIUAUTULTIVRLLIA

nsUsziliuauuLsweslsaraendensuIndndnLay
¥iln ANCA @unsald Birmingham Vasculitis Activity Score
(BVAS) lunsuseidiusalsald Tnoasiisydunsuuudaus 0-63
ATLIUAINNTTUTELUDINTUEAIUDILARE SEUUVDITIINY
sedunzuuUTinIedwlsaiiriu (active) wieflonnis
wansnnuas KDIGO taldsnunnsussdiuslsalised

1. Disease activity naefia §Uede1n1suageINIsuans
Tuetezlaflsiinandilsa

2. Remission #1859 n15118lUvea01n1SuEnIve g
naendenvundnsnauvselasneau Insluudlndniausnads
Jenumelia1ensinisnseaveals (glomerular infiltration
rate, GFR) pssvisesiu luvaginisananudindenunsite
Wstuslulaanellannsalivsvonansvasisals

3. Relapse munefls aneiidinisfinduves disease
activity mevidsainslsnasulasauysainsounsdi wuaiy
2 wuu Iuf major relapse Aefinsiizuresiilsaiiiu
dunTEReTInIee Iy WU diffuse alveolar hemorrhage
uaz minor relapse AsdnsiEuuadalaidnausives major
relapse

4. Treatment-resistant disease %1884 ﬂ”liﬂ&agj
maqmmswaamLﬁamé’mawmzﬁiﬁ%m3%’ﬂm€hamﬂmqﬁ
TutSunaazauusslugnesgeg induction therapy

LLu'J‘VI'N@LLa%JﬂU']

mssnwfthenguiiazuiseanidu 2 sves 1¥ud induction
phase Fauszoriiiimslvennagivnagailedniiliidilsa
Wihdszezasu Waroznanszana 3-6 ey (AM51efl 2) waz
maintenance phase (Juszeziiinislienagiiveiies
vdsilsnasuluszozonniioannisiiiuvesdalse lne

dhseidlviinathafenelidesiign (13199 3)

Induction Phase

Cyclophosphamide

Humdndldlunis induction wndausiodn ddeya
Auansfsusgansamidlunsiililsadigaiizlsaas
(remission)”? usfifeldeAenatrufesvesenfideudaan
wailuszordu 1wy nsfnde wasnatinAsssvezen Wy
uzifenseimnzilaann: uaglunszgniden Tud aa. 2009
Kirsten de Groot wayamy lLévinn1snaassLuuguii
nauAIUAN WiBUWeusENinanslde cyclophosphamide
wuusuUsEnIu (oral CY) wag cyclophosphamide tuu
Tsfmavaeniden (VCY) (CYCLOPS study)” lnsfiitaeiiaes
nauldsuaisesdiduifeaty wuinvsaosnauldsresig
ieiing remission lalusnsedu uaziilofinnuszerenludn
4.3 U wuiwmadwidinadulusisdesnagy wingu oral CY
lasuuSunueazanysunauinnit (15.9 n3u uay 8.2
%) warnunmzdadesvsnuinnitegeditedfy Tne
Liwuarnuuanasesnsiaitossninsisanngy Tuvue
fiRnnuszzenImUIINgs IVCY fimsriduvesiilsesnnniy
Wudeafungulsa PR3-ANCA finudnilleniaiiGusnnni
MPO-ANCA ety KDIGO Fsuuzrndsnnislien cyclo-
phosphamide wuunsuasadon (IVCY) ﬂsajﬁ;gﬂwmama
wugilsmeuiale fuaeifidadenunii fuaedilen
cyclophosphamide azauuiunmgs guheitymiluGes
AA AL YR INI AL

Rituximab

nalneengvdliu anti-CD20 srillamizguuuunslims
naealdon n1sAnw1tuY A.f. 2010 John H. Stone way
Az Idvin1smaasanvuguifinguaiuauiluanany
laidandn wWisuiileuseninanslvien rituximab fu oral
CY (RAVE study)* wuinUsg@ndnmauesnisiden rituximab
Lidendn oral CY Tunsdnidg complete remission
fiszzinan 6 (e laenguillduen rituximab wudAn
watadeadiaideavndtesniinguiilé¥u oral CY oenel
TudAgy Yonaniinsinnusyevennauie 18 ounuin
nguiile3uen rituximab ansadninlidng complete
remission 7 6 \iiouuay 12 \euwmilondn oral CY waz
Wun1sAsUYeslsa (relapse disease) fownin oral CY
wandlyifiuinnisléon rituximab SszAnsamilndlAgeiu
81 cyclophosphamide Iuﬂws%’ﬂmﬁﬂwhaﬁwaﬂﬁwLﬁmméﬁ
niuarenafivszansnminionitlunguifinisiiGueslsa
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ogslsfiny nsdnwiildsaudsszennsiidan serum
creatinine 11131 4 me/dl waggtheiiidensenlulen
fidedliadosdasnela Fedudeyaussansanvosen
rituximab #l4lunn3 induction du3ugUaeiennIsTuLSs
fanandRedelitednnia

nsAnwlud A.A. 2010 WwRgaiU Rachel B. Jones way
Atz levihnsveaeauUduiTinguaiual semrinanisliien
rituximab 328U IVCY wuuansiuiuadadisuiiisuiy
VCY wuadildlunis@ine) CYCLOPS (RITUXVAS study)™®
TnefinisAnunisamgaeiifian serum creatinine A1
4 mg/dl wuindnsnstnidngseugasu (remission)
Liunnsnsiuuazratnufesnaenssey 12 Weuvein1sAnw
Taiumneinariu 113 KDIGO Fauuztinnslvien rituximab 1037
cyclophosphamide Tagtanzlunsdiifinstisuaeslsa
funefienguinvideiusizuns fuaefioglufoeiaiug way
FUaefiliAN serum creatinine 3Mnndn 4 me/dl anansald
&1 rituximab 39uAU cyclophosphamide d1%3U induction
therapy 19"

Methotrexate %38 Mycophenolate mofetil

g1sansyinanmnsniduduionlunis induction 18
Tugheiennishiguuss Tnenwudruszansamlunisiild
Iﬁﬂﬁhqj remission ldfioani1nsliien cyclophosphamide
wieghlsinunuinianisiiduvesiilsaldunninlugiae
flxsueansinail

Plasma Exchange

uns$hwnesuaneinaglidnadiu (adjunctive therapy)
Tuln.f. 2007 David RW. Jayne wazamiz 1ovinnsdnun
naRBILUUANTITinguAIUAL WIsuIisusEninen1svii plasma
exchange U3 intravenous methylprednisolone (IVMP)
Tugne GPA w30 MPA fiffornisuansmslaguuss Soy
lagldan serum creatinine 171nA191 5.7 mg/dl (MEPEX
study)"® wuiilunguiilé¥un1vin plasma exchange #1831
nsfluiveslafiszerina 3 Weugandingudldsu vmp
waznunsdnfulsadngnnglatefisszaniiefliszey
nan 12 Wowsindn egslsimunsinilsidusugiae
fiflnnng diffuse alveolar hemorrhage (DAH) figodld
wdostiemels muadefnnuseidosiiszernan 3.95 ¥
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Primary Focal Segmental
Glomerulosclerosis
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Abstract

Primary focal segmental glomerulosclerosis (FSGS) has become increasing prevalent in the recent years, and it is
one of the important causes of chronic kidney disease. The presentation may range from asymptomatic proteinuria
to full-blown nephrotic syndrome. To make a correct diagnosis, kidney biopsy is mandatory. An autoimmune process
is believed to be involved in the pathogenesis of primary FSGS, but the mechanisms remain poorly understood. The
treatment includes symptomatic management to reduce proteinuria and blood pressure and immunosuppressive
therapy. Glucocorticoid is the first line treatment with calcineurin inhibitor as an alternative therapy. The goal is to

reduce proteinuria, lower blood pressure and preserve kidney function.
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15a Focal segmental glomerulosclerosis
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w30 aanwansuendiu (actin filament) Fudusidusznay
YailaTas1awad viliwadues podocyte way GBM
wasudildegsduiudiu wardmnilassaddlafanuiia
AMNRAUNR azdwwalilinnisuiniduueswas podocyte

Mlranwaurlasas1wasnnund nIaMsaniuia foot
process effacement @wualn15NIDIA1INIUVBILARAUN
waziinnissealusaulutaany

Podocyte foot I'I |
process |

-
Actin filament

Nephrin-

Podocin-m—iﬁ
[ .-
. . NEPH1
Integrin
a Proteoglycan
Glomerular basement "roany
Laminin
membrane Collagen

S

T e

‘*x!/‘J

Glomerular capillary

S

—— = =

JUT 1 Tassasianuduiusseninagad podocyte fiu glomerular basement membrane
AnUYadiI9In Vivette D, D’Agati, et al.’ tiae Luca Perico, Sara Conti, et al.’
NEPH1: Nephrin-like protein type 1; TRPV6: Transient receptor potential vanilloid subfamily member 6

nalnnisiialsa

Tuthytudehiinalnidwsenisifnlsaviomn 3 naln®
fie (1) msggdontanisnsaninainnisifinisuiniy
Y99waa podocyte NsviuadlassaiImwaaiulATIaing
meluwaalidunusiu 3sviliAn foot process effacement;
(2) n15anaee podocyte ipsvniduwaddiliing
aframauny lunsdffnisuindusunssaurinliiwadnne
gy liiUiunmvenadanas way (3) n1siUdsuuuas
goe8ud ifesnnnisvhauredassadisludumis foot
process Aas01AEN1IVINUTRIlUTAUMAIBTN Fatumn
fianuinunfvesdudfiaruaunisadrelusaufagyinli
1n598519789 podocyte fiu GBM AnuUnf waziiinlusiiu
Tullaanzle

DINTLLATDINTTLLENY

91N15UATEINISUANIYRY FSGS Hlduanuany daus
fusudlutlaan: lngliuanseinisiadnd Tagauise
wulusfiudalddaus 1-30 nfusotu nguoiniumlalsin
FewulsFowas 50-70 mmsilafingsdosas 30-65 iinidonunas
Tudganizsesay 30-75 wazensin1snsesvedlnanassovay
20-50 flonsuansvesmsinauviolafiiaund wu Sana
$reonuludaann: auaunsalumsinlidaanzdudu
vaslaRinuni tHudy’

MILUNBLRYD9 Focal Segmental Glomerulosclerosis
NN3T14UN FSGS anuanmsuadnsiinlsn amnsautseanta
WJu 2 nqu Ao FSGS vflaUgugdl (primary FSGS) uag
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15a FSGS wflanAend (secondary FSGS) w3aduun
WWN&ﬂ‘Um%ﬁWi?ﬁ]W‘UWWQWEJW%%MEHI@EJEN%{EJ Columbia
classification wseenslsiniu The kidney disease: improving
global outcome (KDIGO) 2021 clinical practice guideline

Ugugdl WugnIsu

(Primary) (Genetic)
f91N15v89 fUszinnseunth
naulsaunlnsin fionadnlafu

EM: diffuse foot

process effacement

sporadic FSGS

for the management of glomerular disease lauugiiln
91fEdNYULDINIINIIAGTN AURAUNANIINESINeT
vossuilelamendesqanssa wasndosganssmisidnnsou
Wiouuslsaeanidu 4 nax’ éﬁ’mamﬂuuwuguﬁ 1

EERE lainsuame
(Secondary) (NOS)
fiuseiRRndelia anshidriungulsa
fusziRlasuen wnlWsfn
Wunisususiaves EM: segmental foot
Inaluegaaan process effacement

ANuAuAeluLYY linvamnues

FSGS wuuynggil

u,wuqﬁﬁ 1 wanan153nngulsn Focal Segmental Glomerulosclerosis 7y KDIGO 2021

ARLUAYDIn Garabed Eknoyan, et al.’

NOS: not otherwise specified; EM, electron microscopy; FSGS, focal segmental glomerulosclerosis

FSGS vllaugun
\dundulsafiamguesnisifianersanimeg idumis
voutad podocyte myidadtlsnlunduilardesusznoude
pMsLazoImsLansiiildRunguoinisiunlnisin uas
msnnaduielalnglindomanssmibidnasou nudnuas

v
=1

¥o4 diffuse foot process effacement Imiﬁﬂiumjuu
afuriow3endn idiopathic FSGS Lpsnlimauanviauas
nalnmsifnlsaiuda udandeyanisdnuilutiagiuviily
fwnAnhinalnnafalsalunguiiinasfnnnszuugduiu
MiauinUnd ImwﬁﬂgmaﬁuawumﬁﬂﬁmaWﬂ‘wma
msfin Wy nsAnulumsnusnaseadithinsadu FSGS
vdsnaaeanuivnInazilsiuludaanyiiesi wae
Agaanaausamelulilendiainssesaiiiuly
Fauandliifiuinnainnneienniaainnsiaisuisesis
Mnusmfianansasusnundamsnle Tneiinisntedls
annsnadsansviatuld shlfdonaniuluonslusiu
Hluttaanzity’ vdodnnsdinwiludthelngesain Fscs
douvinsugnanglanuhdinsnduandudvedsn FSGS
Igogaminda uandliifuilugtaonguiiinesd drculating
antibody salwad podocyte Fuiloldunisugnaneladuda
9IMTUALEIMIUANITaY FSGS Fuiulaiildzunsugnane
uanandeyalufoswiuuds Sslinmsfnwuuudananisel
viannsAnufiatuayunguidnan’ wWu FSGS fens

fumdsnnlimstnulagldonagliduiu luidnasduen
lungualfiesaes %38 cyclophosphamide wonaniids
finnsAnwiinudneinisvesiuae FSGS Aduieandsain
fifthodansinderin Gddunzdindriasdinsdudns
M9ures T-lymphocyte 3wiliianguiin T-lymphocyte
p1aflunumlunisiiinlsn FSGS wiinUgugi

TudlagtunudaiierdunalnnisiAelsaainauinund
yesszuUgfiAuiuIme viefiSendn autoimmunity a3
AnwmaaemalgnsAner’ wazdn1sAUNUI101LAAIN
M3IURaUNA 909 T-lymphocyte %38 B-lymphocyte
Wensilansdedusaneuelinhudendiie (circulating
antibody) fsuandlugudl 2 deyaves circulating antibody
Tuilagiudalinsaguiidauitarsvialafinnudunig
fulsn FSGS wlinugugdl Saweastiomzaningiionaifeitos
wagfidayansdnyBududd

Cardiotrophin-like cytokine factor-1 (CLCF1)

\Huansieglunguue interleukin-6 TngUnfaznsiany
s unadontundos fhu viodadensn andeya
nsAnwnuTEAUYes CLCF-1 Tughelissdugendnauung
9 100 Wi waganmsAnuluvaeaneassdenudn CLCF-1
fnafiunsnsessituvesuoayivlulnawesda waziina
anUSinaves Nephrin luwad podocyte lnzides®

https://he01.tci-thaijo.org/index.php/JNST/index

J Nephrol Soc Thail 2023; 29(3): 166-180 169



0N NNA UazAy

Soluble urokinase plasminogen activator receptor
(suPAR)

& oA o . .

Julusiungnineanunain urokinase plasminogen
activator receptor (UPAR) Iagannn1sinwnudn §Uae FSGS
HszAures suPAR Tulfengendnaudnd wazainnisAne
TunannnaInudn suPAR AglUnseduniy integrin A5
Auniaved GBM danalwiinisnsedunaziinnissesda
YosEuuoARUTRAUNG FuilrAnlusiusalulaans agls
Anufin1sAnwuiisiunuinsedu suPAR figsduaunse
nulalungulsaunlnsfindus de JaliedA1udn suPAR
ovlilifuansidunzianzasiulsn FSGS wlnugugl uaf
o a a A a o I3 a
failngufiwedn suPAR o13iinsgndnlagiauleduiayiln
ilinanedulusiundowindnnin wazenaduniziulse
FSGS wilnugagil’

T-cell dysregulation

I/(re-T cell

@)

Podocyte
Foot Process

ARLUAII991 Manuel Alfredo Podesta, Claudio Ponticelli’

CD40L/CD40

TCR/MHC
Teell complex

Anti-CD40

MsAnwlunasanaaesnuil CDA0 guURIYAE
99 podocyte lugthe FSGS dalagundazlsiny CDAO
fiRawaduas podocyte wazdainui1 anti-CDA0 vheuT
miﬂizﬁu‘uaﬂ tumor necrosis factor (TNF)-alpha aswal
\Aamssvedlusfululaangls

uanandeyaildnaniludoswiuudadny circulating
factors 5‘14‘] 971919 angiopoietin related protein3 (ANGPTL3)
wag apolipoprotein A-1b11 ns@nunlughendsUgnaele
wuilugihefifiamelnEesan FSGs uassinaiszdu serum
apolipoprotein A-1b g azilloniainnisnduundulse
FSGS %Wé’ﬁmnﬂqﬂmalmgmdwQ’ﬁﬁizﬁu apolipoprotein
A-1b fegnadifiudAynieadn

B cell

JAK/STAT

a

JUN 2 nguiinsiiia autoimmunity Feenaiduamsuesnisiiia Focal Segmental Glomerulosclerosis liaUgunil

U

ASC: antibody-secreting cell; B: B cell; CCR2: C-C motif chemokine receptor type 2; CLCF-1: cardiotrophin-like cytokine factor-1;

GBM: glomerular basement membrane; JAK/STAT: Janus kinases (JAK) and signal transducer and activator of transcription pro-

teins (STAT) signaling pathway; MCP-1: monocyte chemoattractant protein-1; Pre-T: T-cell precursor; suPAR: soluble urokinase

plasminogen activator receptor; T: T cell; TNF: tumor necrosis factor; TNFR2: TNF receptor 2
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FSGS 31nAMURAUNANIeRUSNTIH (Genetic FSGS)

MnlassasisagANuduRus sEnIneaa podocyte
war GBM aenuinfilusfuvanevdinfivhausaudu dwn
fiaufnUnfvesBudfivimdiilunisadralusiy avdawa
Tilassasnawagn1sm1euees podocyte viauRaun@LAn
foot process effacement 1a* Genetic FSGS WU AAIA
anuAnUnAvesdudiinruaunisadialusiuiiduntses
slit diaphragm 1 nephrin, podocin, TRPC6 visangulusiiu
fifleafuanewenfiu WU o-actinin-g, inverted formin-2,
myosin1E d@duBuddu o fiduiusiunisialdun APOLL
Feludaqiunuiduiudiunsiielsa FSGS mnudulatings
wazlsalness

a

FSGS vuanaeni

dunqulseiidanuauianlsaluszuudug wdadua
MfAn FSGS anwnues FSGS wianaugdl® lauansly
Tumsnaii 1

FSGS ilinsrusumgnisiialsa

(Not otherwise classified)
ungulseilidiiniungulse FSGS wiaugund ueids

Liaunsamanumnisifalsald Jagtudedninazidulse

Tunguls FSGS wianAunil vise genetic FSGS Wia13609

o1femsfnuidunnnitlutlagtu

A1919% 1 @ Y0IN194in focal segmental glomerulosclerosis wiiavAg il

msiasuulasvaswaa podocyte 31N

Msfnidehsa HIV
CMV
Parvovirus B19, EBV, HCV

SARS-COV-2

Hemophagocytic syndrome

Anthracyclines
Heroin

Lithium
Interferon
Anabolic steroids
NSAIDs

NUUNNTOUaAAS Reflux nephropathy
Renal dysplasia
Oligomeganephronia
Sickle cell disease

Age-related FSGS

81 Direct-acting antiviral therapy
mMTOR inhibitors, Calcineurin inhibitors

nsuiudvaslnawesdadennuaungluiindiuain

FIIULUNNTOULYLAY
Primary glomerular disease

Obesity-related glomerulopathy

Systemic conditions, e.g., diabetes nephropathy, hypertensive nephrosclerosis

ARUYa¥L197n Garabed Eknoyan, et al.’
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ANYAIZNIINGISINYA
HagtudeinnalnnisifalsaEuduainnstinisuiaiv
Yo9aa podocyte MntuAn foot process effacement
wazdanaliinnisnaneenyedwad podocyte 310 GBM
ANALAAANITONLAURTIUTAUAINGT LaztindnYUzWINg

Normal glomerulus with
intact foot processes

FSGS with parietal cell coverage

Foot process
effacement

-

7t segmental sclerosis muulunends®® fuwansly
whunlii 2 wazdaquuldfinisdanaulselaglddnuusnig
nedanmvestuide Tasmsdanguiiivsslonilugagluns
wennsallsale®! FseaziBeansidadonandunnugiii 3

LATA1519N 2

Podocyte
detachment

'

Detachment segmental sclerosis with
podocyte loss

UHUAIN 2 weSALnves focal segmental glomerulosclerosis

AnUYadI9In Vivette D, D’Agati, et al.’

Hierarchical
classification of FSGS

Collapsing lesion (s)

Yes

No

Tip lesion (s)

\

Collapsing variant

No perihilar sclerosis

Yes

No

lNo

Tip variant

\

Yes

Cellular variant

Cellular lesion (s)

lNo

Hilar hyalinosis

\ /

>50% segmental lesion

Yes
Hilar variant

+ sclerosis

lNo

i - = = = = = - m k- - — - -

¢ - - = = = o - -

\

No

FSGS NOS

No defining lesions

\/

LLNunuﬁﬁ 3 N UITLAUeY focal segmental sclerosis #13 Columbia classification

ARKUAYI9I1 Man-Hoon Han, Yong-Jin Kim."”

FSGS, focal segmental glomerulosclerosis; NOS, not otherwise specified
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A1919% 2 vllalazuazdenues Focal Segmental Glomerulosclerosis variant 7114 Columbia classification

Histologic o an A Tonaiin
ANYUSNIINYITINE NMNIISNNYIVDY 2INILLATDINTTLLEAY
subtype ESKD (%)
NOS  |At least 1 glomerulus with segmental | wulsivialselungu primary naulsalaunlusan 30-40
increase in matrix obliterating the way secondary FSGS 739 flUsAusitiesnin
capillary lumina wulduaean sEAULUNTWSAN

There may be segmental glomerulus mmﬂ?ﬂammaqmmﬂmﬁm%uq
capillary wall collapse without
overlying podocyte hyperplasia

Perihilar | Perihilar hyalinosis with or WulﬁﬁaaluﬂdmiiﬂﬁLﬂu Sindlusius 30-50
without sclerosis >50% of glomeruli | adaptive FSGS Tullaanziosnin
with segmental lesions must have szAULUNTNSAN
perihilar sclerosis and/or hyalinosis SzﬁULLaaUUﬁu
ludeainuni
Cellular |At least 1 glomerulus with segmental | dnidulsealungu primary FSGS | dindlonnisdinlaiiv 30
endocapillary hypercellularity Lwiﬁmmaawuvl,‘@ﬂu secondary ﬂﬁjzﬂiﬂlmummaﬂ
occluding lumina, with or without FSGS Wuriiaiinutiosiign
foam cells and karyorrhexis mﬁ]LﬂugﬂLLU‘ULLSﬂ
euddsuluiduriindu
Tip  |At least 1 segmental lesion sinwuly primary FSGS fnflornmsdnlanu 5-20
involving the tip domain naqulsalawunlusan
Tubular pole must be identified wennsaflsndiian
in the defining lesion POUAUDINADATT
The lesion must have either an Snemvafesess

adhesion or confluence of
podocytes with parietal or tubular
cells at tubular lumen

Collapse |At least 1 glomerulus with segmental wuldis primary Way naulsalawunlusan 70
or global collapse and overlying secondary FSGS ﬁﬁmﬂﬁwl,m
podocyte hypertrophy and hyperplasia Ta%a: HIv-1, parvovirus B19, ﬁmmquuwmmﬁqm
SV40, EBV, CMV, wazdnensailsa

hemophagocytic syndrome LLEJ"ﬁch@
©1: pamidronate, interferon | liAvgnauausranis
Vaso-occlusive disease SnwmeaReseun

ARLUasaIN Vivette D, D’Agati, et al’
NOS, not otherwise classified; FSGS, focal segmental glomerulosclerosis; ESKD, end-stage kidney disease

LUIN19N15ItesA 2021 clinical practice guideline for the management of

msitedelsn FSGS Usynausensdnusyifuasnsnsia  glomerular disease? Wlsiuuzthifiufiusientunsiteds
$1ume Taegthenaflennsuanddvanuanedaildngnly  Tsa Fses fall Fsas ludlvgifiennisuazernisuanslaidn
\Jowiu wazdesdumanmalunisifelsalundulsn FSGS wiln  Aunguenmswunlisin ensldsunsnsam auvmuedlsa
nRegilife uenanideddinansametuiolavszney  FSGS wiianfond (Fuandlumanedl 1) nsmsradumlse
Feazannsolinsitedelsnils Femuduusin 903 KDIGO  yeugnssy Winsandsnsraludtandd (1) dnvasdnld
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flunguennisvedlsa uaz/vse duseialsannanluaseunsy;
(2) Wegremsitadulunsdlonnisuazennisuananienain
laiidulse; (3) lunsdiifidedinlunisidonagiifuiu Tae
La‘wwxasha?jqﬂiﬂiﬁﬁﬂﬁ?ﬁ”asianwﬁﬁi’fmﬂmgﬁé’uﬁu; @) e

q
N v

Uszidluanudsaeanisnduadugilunsaliigiieavdniu

Y

n1sUgnaela; (5) LﬁaﬂisLﬁummﬁawaaﬁﬁmﬂlm w38
Tunsiifiasdeindanavainvaneves APOLL wa (6) lunns
amadioiladenounaen wamensdmsiiodtadelsn
FSGS Ieuandliluunugiiii 4

v o 2 &
duaeldsunsnsaatuiilela
uazlianwauzitilafiulsa FSGS

amsdnlanungulsauninsiin
WsAulutaanzuinnii 3.5 nSurelATans
waz uweayiuludendesndn 3 nIudelndans
Jomsuiunsesialifionnisuis
ANINTIVRLNABIBLANATEUNY diffuse foot
process effacement

!

21msuazansuanadlanu
primary FSGS
Snwleenisldennagiauiu
MlineuauewaNISNYIRTUINTATIDUS
W

amslidfungulsauninsiin
TWsiulutaanzunnnit 3.5 niuselndans
wikeayiuluidenunndt 3 n3uselndans
Wsaululaanzdesndt 3.5 nfusieinddng
wazieayiiuludonunnnimseesnii 3

ASUABDLATARNS

UseliuLasnamunYas secondary FSGS
fA5UIN1INTI98U
Lildns¥hwmegenagiifuniu
insshwmuenisvesiie
SR FSGS
Anmuszaulusivlulaansuagsyiuieayiiu

:

gnsiinduveadusiuludaaie wasinng

Twden

anasvesszrukeayiiuluien

WNUDHN 4 uumeansawmsIiLFn e inanTIamame13ilafiu focal segmental glomerulosclerosis

ARUYAY9In Garabed Eknoyan, et al.’

N33NY

FSGS fo1nisuareiniswansuananeiuludUaeinnuas
Alva)” waraInMsANYIGmMuIINIG ReuaUBdsanIsInw
Afauuanaieiu TnsludUaeifinaziinisnevausse

nstasuennagliduduinitludivg seavidenvesdidiin
ANUMN IV DINUNITADUAUDIN BN N b hanalilu
AN519% 3
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A1579% 3 ANNAAILTNYIVBINUNITADUANBIRBNITTAY

fnsanawedlusiulutlaanizwidetioonin 0.3 nSusioty use dnsnarusenInausiutarasweniululaaizdeenia 300
fadnsusienu Useavasueiifiuluidennsn uazseduieayliuludeninnnit 3.5 nfusieinddns

finsanasvedlusiululaanewmieegsening 0.3-3.5 nfusedu vise dnsdusenindlusiunazasueniuludaane
Ej3¥1ing 300-3500 dadnuseniy uaziinisanasvedusAululaansuinnii 50%

HlUsulutaanizuinnia 3.5 nSuseiu wse ensidusenINlUsAuLarmskaduludaanizainnin 3500 Jaansumansy
Wa9NNEUe complete remission visedseaulUsAUlutaaIzifinTuinnnIForay 50 ndsanle partial remission

o

seauvpaUsAuludaaizunnnin 3.5 nSuseduy wse onsaluseuIlUsAukaraskantulutaaizuinnin 3500
adnsusronsy uazanastiounitdesay 50 neeuENAY Laglasusn prednisolone 1 wn./nn./iu w3e 2 un./An

Y 1

g
q
Juduiu egneties 16 dUa

ii Relapse induniglu 2 fUamimdmeanisinwisieen slucocorticoid

Tsvauveslusiuludaansannnii 3.5 nSuseTu vise ons1dmserinsusiuwarasweidululeanizannnit 3500 Dadnsusensy
uaranastoanindevay 50 nmeusudY Inglasun1ssnuinigen cyclosporine waziisyaueiluidon 100-175 uilunsu
folladans Wielasuen tacrolimus wavilsyaugnludan 5-10 wilunsudelanans eg1etes 4-6 oy

= a & v ¢ W o £% . N . Yo ' v a
il Relapse Winduniglu 2 dUnavindanenanissnwieen cyclosporine 5o tacrolimus lnglasugunegneies 12 ey

AnKUAY9IN Garabed Eknoyan, et al.’

nsAnwisIfunsTdenaglinuduluguaelsa FSGS
wuulgugiifiegies waznisAnwivisdrudunisfine
Tugvaedndundn fafulunsdnvivisedeieenadadd
Hoyan1s¥nwivadlsaduru minimal change disease 31324
Usgnoumsdndula fauumamsdnwdeainifasdnsdemna
KDIGO 2021 clinical practice guideline for the management
of glomerular disease® [Uunan IngaIN15ARUIRUINIG
m3snweendu 2 dulngjq Ao nsihwiniuenis waz
ns¥nwilagldennagiauiu

MsinwInImeINI5

Usgnaushemsdndaindeluenms msvgaguyn’ way
funeanesed nslendutiaamezmniinzdnAulusene
nstienludulungy statin wagnislieranaiuduladin

Iuﬂfju angiotensin converting enzyme inhibitor %39
angiotensin receptor blocker \iianlusiuluilaanzuas
vzaemsidonvadla

msldenagiinuiu

winn1siansanlisnaniiduiunuAuuziives KDIGO
2021 clinical practice guideline for the management of
glomerular disease’ fia (1) Msldenagiauiuluglvey
limslilunsaifidu Fses wilanfend wienau FSGS-NOS;
(2) wuzihnsldanafesesdsuuuuiudszmuduseiiaun
lun1s¥nwgd Ui FSGS wliaugugdl uag (3) wuxiinis
YSuruinveseinagiiduiu szezaaitunislden siufs
msuszdlunaveImsnumuAIIed 4
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Y o

A19719% 4 %u’]ﬂ‘ﬂ@dﬂ?ﬂﬂﬂ”ﬁﬂu ULBZLUINIINITUINITEN

YUAVD BN

Glucocorticoids | vunenisudu

(VWngagn 120 1n./ )

YUIABALILYLLIANVBINS LHAEN

+ Prednisolone 1 un./nn./3u (vuagegn 80 un./dw) vise 2 un./nn./u Sulsemuiuriuiy

izﬂxl,'aa'ln’lﬁﬁﬂ’mu'mgﬂ (High-dose glucocorticoid treatment duration)

« Tonvungeinseiuaenatios 4 &Unsi aunseiisgftaedl complete remission uTugEn 16 dUav
« Uil remission axfinsanasessziulusAulutlaanzaely 16 dami

. tliimsmevauess Lifianudndudesseliienaunsu 16 dUai lnaamziianatnafsaannsiden

nsanUTunaeaResaea (Glucocorticoid tapering)

- 01iUela complete remission IldenUSinaigestesdaios 2 dUnni vioulusiusludaans
msﬂ,‘u ndniilanysunae 5 un. NN 1-2 dUaA uaznenemMaINlaLIAsy 6 o

- tUaeld partial remission nelu 8-12 dUanii Manmﬂimmam&ﬁaamﬂﬁmmm TulguTunaau
ﬁluﬂﬁumwﬂ’aalm complete remission salanauasy 16 dUani mnuu‘iwamﬂimmm 53n.9n 1-2&Uam
LLawqmmwaqmﬂi@mmu 6 WioU

- tUaenlafiunle steroid resistant sednatafssNNsldeadesosd ArsanUsunuN1slden

afiesesrasedrening ngldifanatrafssannisanUiinaeuasfinsaidonldanlungu CNI

Calcineurin YUINYNSUAY

inhibitors

« Cyclosporine 3-5 un./nn./fu uudliiiuas 2 A% wde tacrolimus 0.05-0.1 un./nn./u wudliiiuas 2 ads
. msfinshnmusziveludendieannsianadesole

« Wnunesgauen Cyclosporine Tuldan 100-175 wilunsusiodiagans

« Whmnesgauen Tacrolimus lwden 5-10 unlunsuneliadans

sz lunslie e Ussliuyszansnwueden (Treatment duration to determining efficacy)
« JUheAaslasuen Cyclosporine vise Tacrolimus Wildsgaumandmaneetetos 4-6 wou neulasunis
3ade3 18y Calcineurin inhibitor-resistant FSGS

STELLIAINIT AN

I‘uwmwlﬂ partial #3© complete remission A5 UEN Cyclosporlne 3o Tacrolimus lilAsgAumy
Lﬂmmsamﬂuas 12 iy wieanlonaluntsndunnulsae
. @nunsnanU3une Cyclosporine 38 Tacrolimus Tutag 6-12 ineunaslasusn

ARLUAYDIn Garabed Eknoyan, et al.’

nsilsAusludaangludsnungadinnuduiusiv
naAnlsalaFess” Insdnudeundsniusinteyaludiae
15A FSGS wiiaugugidnuau 81 518 fanunisinvndusses

wan 10 ¥ nuindUlenfivsunaldsivludaansaadild

funguenmaiulisin afimaifalsalaFesssvozaaiing
ovar 43 Tuvaeiiguaedilusiululaangiosniisediu
yoanguormsuinsfin sxnunnfelsalndeisseraniing
fovay 8 Fullanudduiluededefinzdedinissnudie
anuTunalusiuludaany InsAnvifter3ouiiounans
Snwnsemrinanguildenaiiesesd Aunguiilildenaiosond

wuimslaenafieseaddaliguied complete remission
asndnguitldldenegreiidediAgmnaadn uenainidsd
nsfnwiUIeuiisussninanguitldonagiiduiuiungu
Alailezuen'” wuinlsa FSGS vlindgugiiflemanieldios
Yovar 30 uiidleldSusnagdduiunuitlenianiean
Tsauiiutudufesas 75 winsnwwesmsldenaiososd
szdfaillinnnidn uaznsliradesesdonaifiunindesio
madnnzuIndeu Wy nsfindle mafinniznasgnngu
yiomaifnanzinmaludongs winisfiguasdsadinnig

WsfuslulaanzaziiulonianisiinlsalaFesissezaniing
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otedaay frfufsaguldinnslienafivsendiiusslomn
dewsuiisuiunadedlduainet Jadumawadidy
#i KDIGO 2021 clinical practice guideline for the
management of glomerular disease® wugiin15lgen
aesoemduenvliausniunsSnwgiae FSGS afinugugd
Uszinusennfeszernatlunislisnaiiosesduuings
nsfnwIves Claudio Ponticelli wayanizm wuingaeflésy
gy sonvUIAgaLAY 16 dUa dlloniaiin complete
remission $evar 61 \eudufesas 15 lunguilléen
faunin 16 dUav Fauansnstuegafitedfymnieata’
SnnilinmsAnuiatuayuiunAndind1nfensdnwives
Shouichi Fujimoto" Tuge minimal change disease 1121
33 18 wuhgthednlngpevauesisenislasuenaifiesesn
fifinszeznanslenann ¢ dnmi Wy 16 dUansi ez
Tonalunisifin remission lagn3eeay 10-25 usidnlieuu
A 16 dai wudiliansnsaifinsiuauve remission 168n
Tugftae FSGS wilauguniififinisnovausssissiaiiesoss
Woun11g U1 minimal change disease gua? 39913
weasUladnnisiiaivsesduuingaunuiy 16 dUan
laiunaglausslonilugUle FSGS vliaugugiiwuieaniu
Juduuweanislissezna 16 dami (Jufsmuanis
A0adan1iy steroid-resistant FSGS 1L
nMs¥nwmadendu leud nsldenlungy caldneurin
inhibitors (CNI) 3nn"sAnwnuIn sl cyclosporine g
nslienadesossnuiaunsafislenalunsiia remission
1nfesaz 62.5 \leldunaifivsesdiivsagaiendy
Yovaz 85.7 wlelden cyclosporine givenaiusend’
n15Anw1909 Neill Duncan uazAngs HaUsEANSAMN
9981 tacrolimus WuMslden tacrolimus Hefinlona
nsiAin remission ™ wangunsAnyUsEaviEn nesen
CNI lunssnwngtae Tse FSGS alinugugidadiogiias Jagdu
galufinns@inwuuudunazinguaiunu egrslsinudeya
wininefazagulsinengy CNI anansaiantdlunisinm
HUhe FSGS wilauguniilsl fewmanansnad3eiily KDIGO
2021 clinical practice guideline for the management of
glomerular disease® lauuginlidenldenlungu CNI
Wunssnwmadend wiugUae FSGS wilaUgugll lny
nnensdffiaeiideralumsldadesosd

N135n¥IEU2e steroid-resistant FSGS

Steroid-resistant FSGS Aafaefifisziuveslusiu
Tullaanizunnnii 3.5 nfusieiu wie dnsraiusenInglushiu
wazasuafiduludaaiizuinnin 3500 Hadnsusaniy
wavanasiosnindosar 50 nmeududu lagld3ue
prednisolone 1 1A./AN./11 %389 2 Un./nn Tuiuiu egstoe
16 dUat mumuginaes KDIGO 2021 clinical practice
guideline for the management of glomerular disease®
LLwﬁﬂﬁ%ﬂumju CNI @9 cyclosporine %38 tacrolimus
Sufumsldenguaissesidussoznategndes 6 wou
Faduurihfildinanaanisinwiusnues Claudio Ponticelli
wazAug laAnwINS e cyclosporine TamfiU prednisolone
Wisuiisuiunslden prednisolone Lilgsagnafen lag
AomuUaidusyazinan 1 U wamsdnwinuin nislden
aosinsiufuazifislonialunisifin remission (partial
3o complete) l9anIeway 10 [Wuiewaz 60 uazansyau
Tsiludaanzldinnnitegraditodfymeadn wonani
é’&wudwé’mﬂmiﬂiawaﬂ,miw:iﬂwﬁgﬂaaqﬂfjulait.mnﬁi'mﬁu“
nsfnufiaeaduves Danial Cattran uazanz léAnw
n151481 cyclosporine Tun1sdnwleudeiunis
Anwan WU’j’mﬁjM‘méf cyclosporine Azillanaliin remission
gendnguiilésunissnundhesn prednisolone Lt sognafien
wiagslsfimmuinilonianduinidusigs waenslésue
cyclosporine Wuszeziauiuinneiuaiunsaanusuiu
Tustuludaanylé? mnnsdnuinademuindnsnisnduan
Hudmdsmnganmely 12 Weusigeiefesay 69 Tnsagy
g1 cyclosporine anunsaifinlonialunisiiin remission
TugUqe steroid-resistant FSGS wazdruanszaulusiu
Tutlaanzluszegen euFouiisuiunisldoangy
afesedifissegiafien Insfisnsinisnseswaslalugioe
ldfen cyclosporine fiemadi kaEN1INEALT cyclosporine
Suaululudag 12 Weunsnaesmsshwayyilnlenanduan
Husings Tsmnslinmssnundneen cyclosporine ussozim
ogatioy 12 ey andeyaildnarniimmavili KDIGO
2021 clinical practice guideline for the management of
glomerular disease® wugthnslildengs CNI Tun1sshwn
A steroid-resistance FSGS Aauuamsmsuivsenlasuly
Tuan319dl 5 @men tacrolimus wiidslifinsAnwmeaes
wuudunazinguaiugu uidlenalnvessrfiniloudy
cyclosporine 3sunazduseleviliguiieniu cyclosporine
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A131990 5 N353 steroid resistant focal segmental glomerulosclerosis

¥finvaden YUIALAZIZUZLIANYDINTT IAEN
Calcineurin YUINYUTUAY
inhibitors « Cyclosporine 3-5 1in./nn./4u wudliiuay 2 A33 %38 Tacrolimus 0.05-0.1 un./nA./3u wusliiuaz 2 Asa

a a 9 =~ d" a N
. msinmsfeauszaveludeniioannisiianadesioln
o wWhmnesgauen Cyclosporine Tuidion 100-175 ulunsusioiiadans
o wWhmneszauen Tacrolimus Tulden 5-10 ullundusieliadans

szezalun1siengy calcineurin inhibitor WaUsuiuuszansnnvasen

(Treatment duration to determining calcineurin inhibitor efficacy)

- fUawmslasuen Cyclosporine %38 Tacrolimus Mldszdumudmaneegnstos 4-6 Wou neuldsu
m53tadeIndu calcineurin inhibitor-resistant FSGS

32824287N15 WY1 calcineurin inhibitor (Total calcineurin inhibitor treatment duration)
« Tugfthofilél partial v3e compLete remission ASLATUN Cycl osporine W3® Tacrolimus Tilgszeu
msihvngegnetos 12 Weu ieaslemalunsndusnidulsesy

. @wsnanUIunae Cyclosporine 138 Tacrolimus Tuta4 6-12 Whaundslasuen

« fimsaumeaen Cyclosporine 3o Tacrolimus tdnsInsnsoseslimanainnii 30 ua./unil/1.73 Az,

ARKUAYDIn Garabed Eknoyan, et al.’

195091 relapsing FSGS
wlaendeyan13inuyn relapsing FSGS dafilyunn
Ja30uma KDIGO 2021 clinical practice guideline for the

management of glomerular disease® Fslauuzinlnsne
witlouiugUe relapse MCD AauNUNHN 5

Lalmelasuen .

/ Cyclophosphamide 111y yclophosphamice
Frequently relapsing/
steroid-dependent minimal oo
e wnelesuen | Rituximab

Cyclophosphamide y1nau Calcineurin inhibitors

\ wavgUiedeIns —  Mycophenolate

winiEsenstien Mofetil/Sodium

Cyclophosphamide Mycophenolate

wnugdifl 5 wwamenissnensdingUiedinsndududivessa
ARUYAY9In Garabed Eknoyan, et a®

nsnensailsa
ndoyanisinuiluiiagdunuintedofinalunisin

TsnlnFeSasvnzavinevasiing FSGS Toud Vualusiu

Tullaanny mafinduvesaiatiofidu wazeuduladings
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Study Design

\

Population

Study group

Control

Primary
outcome

James J. Retrospective | 81 [Biopsy proven| Non-nephrotic Nephrotic 10-year |Nephrotic patients had
(1995) cohort FSGS patients range range renal  |[significant poorer prognosis
proteinuria proteinuria survival |compared with non-nephrotic
patients (57% vs 92%)
Goumenos D.S.| Prospective | 51 |Biopsy proven|Steroid therapy| Non-steroid 5-year [Non-treated patients had
(1999) cohort FSGS patients| alone orin therapy renal |[significant poorer prognosis
combination survival |compared with treated patients
with Non-treated patients had
azathioprine or significant poorer remission
cyclosporine compared with treated patients
(30.7% vs 75%)
Stephan T. Prospective | 281 |Biopsy proven| Non-response Complete 10-year |NR<PR<CR
(2005) cohort FSGS patients | (NR) or partial remission renal  |(55% vs 82% vs 94%)
remission (PR) survival [High dose prednisolone was

associated with a higher rate
of CR and PR

corticosteroid

Claudio P. Prospective | 80 |Biopsy proven|Treatment with | Treatment with | Complete [Treatment with corticosteroid
(1999) cohort FSGS patients| corticosteroid | corticosteroid | remission [>16 weeks showed a higher
>16 weeks <16 weeks rate complete remission
(61% vs 15%)
Shouichi F.  |Observational | 33 |Biopsy proven| MCD patients - Complete [The extension of high dose
(1991) study MCD patients | treated with remission |glucocorticoid therapy to

16 weeks resulted in an increase
in remission rate 10-25%

Goumenos D.S.| Prospective | 51 |Biopsy proven|Steroid therapy| Non-steroid |Remission [The combination of low-dose
(1999) cohort FSGS patients | alone orin therapy prednisolone with azathioprine
combination or cyclosporine resulted in higher
with CR or PR compared with high
azathioprine or dose prednisolone alone
cyclosporine (80% vs 85.7% vs 62.5%)
Neill D. Observational | 6 |[Biopsy proven| Tacrolimus - Remission |All 6 patients treated with
(2010) study FSGS patients|  treatment tacrolimus achieved PR after

6.5+5.9 month

Claudio P. Randomized | 45 Steroid- Cyclosporine + | Glucocorticoid | Remission |Cyclosporine resulted in a 60%
(1993) controlled resistant FSGS | Glucocorticoid remission rate in patients with
trial steroid resistant FSGS
Daniel C. Randomized | 49 Steroid- | Cyclosporine + | Glucocorticoid | Remission |Cyclosporine resulted in a 60%
(1999) controlled resistant FSGS | Glucocorticoid remission rate in patients with
trial steroid resistant FSGS (70% vs 4%)

Renal function was better
preserved in the cyclosporine
group
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Metformin Associated Lactic Acidosis

Sitthipong Yimsawad
Health Promotion Center Region 1 Chiangmai, Department of Health, Ministry of Health, Thailand

Abstract

Metformin is recommended as the first-line treatment for type 2 diabetes mellitus and its use is widespread all
over the world. The drug can be prescribed as a single agent or in combination with other glucose lowering
medications. The use of metformin is associated with a reduction in the risk of death from cardiovascular disease.
Gastrointestinal symptoms are the most frequent side effect. Metformin-associated lactic acidosis (MALA) is a less
common but life-threatening complication of metformin. MALA is caused by an accumulation of metformin and
lactic acid in the body as a result of reduced renal excretion. Prompt diagnosis and management are required to
reduce adverse patient outcomes. The management includes close monitoring, correction of electrolytes and
acid-base disturbances, treatment of other comorbid conditions and, in severe cases, removal of metformin from
the body by hemodialysis. Prevention can be achieved through risk assessment prior to prescribing the medication
and adjustment of the dosage in patients with reduced kidney function. The patients should be advised to stop

taking the medication when suspicious symptoms of MALA occur and promptly seek medical attention.
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UNANED

w3ty (Metformin) Té§unisuusthlildiduedusnlumssnwlsaumnuviad 2 Ssvilsfimslifuegiunsmane
alan nunlesivannsalfiduenuvvmuiewdiafes wioldsutvenumiuedndu 9 nn1sAnwnuiinislden
wslesiu awnsndisananudesienisidedinainlsailonazvasaidon o1nsmeszvumMaduems Wueinns
lﬂﬁﬂﬂizaﬂﬁﬁwﬂﬁﬂaﬂﬁqm AMEnsALENRnATINe Moy (Metformin-Associated Lactic Acidosis, MALA) tHuenns
liflsszasdiinuldlaiion uivnsedionafidunmefundn auvmiaannisfweseumesiuansaudninlusenig
\lesananuaansalunisdueieenainsaniemslaanas fuhedndudesddiumaitedouazquasnuiesiassiou
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Fawuzhldiduesusnlunsshwiumnueiin 2 desan
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ninlutiudasy (free fatty acid) LaZanAMILAEIAINNTT

dedInmelsalanasasnien

eiinalnanseiuiag
luideslagannisasnnglaannau (hepatic gluconeogenesis)
K11 AMP-activated protein kinase (AMPK) Wa fructose-1, 6
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sesugludanuinzadlun1zena1vns A 0.5-1.0 Un./anS
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fima3eTinvosUszana 1.54.9 92l
AUSu1aun195095UN1515891881999519A18 (volume of
distribution; V) 9YT¥NING 63-276 AAT LALYIALN
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Organic cation transporter 2 (OCT2) %qrﬂzﬁwmvfhgimaé
ol wazdusenmelaans n1sduguniesiiveanniela
TuAnduussnadesar 90 vesUSinaeiaualusnanie
duiimdedussnmaiiiulusiveudsiamad Multidrug
and toxin extrusion 1 transporter (MATE1) tag METE2-K®

a1nsldfisusrasdarnnisldenunnesfufinuld ey
Aoomsmessuumaiuemng wu aduldwulddesas 11.7
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LATAMLTULTY AD n1dgnAudnAndsainetunesiiy
(Metformin-Associated Lactic Acidosis, MALA) Wune
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(cellular respiration)Imaﬁug\imiﬁwmmad respiratory-chain
Complex | nulululnpounis dwalinisasns ATP
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monophosphate (AMP) ez AMP-activated protein kinase
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monophosphate (CAMP) wazannsyinue el protein
kinase A (PKA) dswadudenisuanseanvesduinisades
Aunszuaunsasienglaanieludu (gluconeogenic gene)
ammiﬁwmummLaulﬁzjﬁﬁlﬁm%@aﬁvmia%ﬁaﬂgima FUTINER

ﬂqiﬂﬁ (hepatic gluconeogenesis) Iatiosas AMPK ﬁLﬁwﬁu
Fatfudansvinauves acetyl-CoA carboxylase 1, 2 (ACC1,
ACC2) weenszuaunsadisluiu (Lipid oxidation) Tusuds
annsazauluulaziiuanulisoduydu e Respiratory-
Chain Complex | melulsnasuiniegndudailiousadasy
(reactive oxygen species, ROS) Tugrameriiady ﬂixéjumi
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Factors Associated with Hemofilter Clotting in
Patients with Acute Kidney Injury Requiring
Continuous Renal Replacement Therapy
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Abstract

Background: Hemofilter clotting compromises efficacy of continuous renal replacement therapy (CRRT). However,
risk factors associated with filter clotting are not well characterized. Recently, a new calculation of filtration fraction (FF)
which incorporates systemic and post-filter hematocrit into the formula (FFHU) has been purposed. This study aimed
to evaluate the associations between FFHG, conventional FF, and other related factors with filter survival in patients
receiving CRRT.

Method: This prospective cohort study was conducted in patients with acute kidney injury undergoing CRRT without
anticoagulation. Factors related to filter clotting were documented at baseline and every 8 hours for 72 hours or
until filter loss.

Results: Twenty-one patients using 48 filters were included. The median filter survival was 20.5 hours, and all
filters clotted within 72 hours. In the multivariate analysis, the independent predictors for filter clotting were FF_
> 20% (HR: 2.18, 95% ClI: 1.10 - 4.31, p=0.03), sites of dialysis catheter other than the right internal jugular vein
(HR: 2.23, 95% Cl: 1.16 - 4.29, p=0.02), and platelet count >100,000 /ul (HR: 2.22, 95% Cl: 1.08 - 4.60, p=0.03). Arterial
pressure circuit (<-150 mmHg), sieving coefficient (<0.9), conventional FF cut-off of (=20%), and post-filter hematocrit
(235%) were not associated with filter survival.

Conclusion: FF,. > 20% was an independent predictor of decreased filter lifespan in patients with acute kidney injury

undergoing CRRT without anticoagulation. Future trials are needed to validate these preliminary findings.

Key Words: hemodialysis; renal replacement therapy; RRT; dialyzer; dialysis; acute renal failure
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Introduction

Continuous renal replacement therapy (CRRT) is a
preferred modality of renal replacement therapy in
critically ill patients with acute kidney injury (AKI) and
hemodynamic instability. Adequacy of CRRT depends
on several factors including well-functioning vascular
access, the modality and dose of CRRT and the use of
anticoagulation to ensure patency of the filter and circuit'.
The 2012 Kidney Disease Improving Global Outcomes
(KDIGO) Clinical Practice Guideline for Acute Kidney Injury
recommends regional citrate anticoagulation to prolong
filtter lifespan in those without contraindications, i.e.,
impaired liver function, shock with muscle hypoperfusion
or high serum lactate’. However, patients in the intensive
care unit often present with metabolic acidosis, high
serum lactate and coagulopathy™. Moreover, the safety
of regional citrate anticoagulation requires monitoring of
ionized calcium, and the test is available only in large
tertiary care hospitals. These limitations prohibit the use
of regional citrate anticoagulation as well as systemic
heparinization during CRRT. Threfore, CRRT is commonly
performed without anticoagulant, which increases the risk
of filter clot resulting in decreased treatment efficacy and
increased risk of blood loss.

The risk of filter clotting also depends on other factors
such as stasis of blood flow and hyperviscosity within the
filtter. This could be assessed by post-filter hematocrit
or calculation of filtration fraction (FF), which is the
ratio of ultrafiltrate flow rate to plasma flow rate. The
recommended FF cut-off to prevent filter clotting is
typically below 25% in post-dilution CRRT". The data
on the optimum cut-off value of FF was derived from
the studies in 1980s that used continuos arteriovenous
hemofiltration (CAVH) as the primary mode of CRRT*'.
In CAVH, the ultrafiltration rate cannot be precisedly
controlled limiting the applicability of the results to
continuous venovenous hemofiltration (CVVH), which
is the most comonly used mode of CRRT at present.
Moreover, the reported FF in the previous study was

merely the observed value in terms of the achievement

of solute clearance, not filter clotting. The later study in
1992 demonstrated that post-filter hematocrit closed to
45% was a predictor of filter clotting. Again, the primary
mode of CRRT in the study was also CAVH®,

The end-of-filtter hematocrit reflects the degree of
hemoconcentration which may be more relevant than
the conventional FF in predicting the risk of filter clotting.
Recently, a new equation of FF deriving from pre-filter
and post-filter hematocrits (FFHd) has been proposed **.
However, the optimum FF__ value for preventing filter
clotting is unknown. The objective of this study is to
evaluate the associations between FFHd, conventional
FF, post-filter hematocrit, and other related factors with

filter survival in patients receiving CRRT.

Materials and methods

Study design and participants

This was a single center prospective cohort study
conducted in the medical intensive care unit at Siriraj
Hospital, Mahidol University, Bangkok, Thailand during
July 2021 to July 2022. The study was approved by the
Ethics Committee of Siriraj Hospital, Mahidol University.
Informed consent was obtained from all participants.
Patients who were at least 18 years old, diagnosed
with AKl, and fulfilled the indication for CRRT without
anticoagulation were included. The exclusion criteria
were patients with chronic kidney disease stage 5 or
end-stage kidney disease and those receiving systemic
anticoasgulation.

Data collection

Demographic data were recorded at baseline. Laboratory
tests were collected at baseline and then every 8 hours
for 72 hours or until filter loss. Filter lifespan was defined
as the time from initiation of CRRT until filter loss. For
calculations of FFs and sieving coefficient, the effluent
urea nitrogen concentration, BUN, pre-filter hematocrit,
and post-filter hematocrit were collected. Sieving
coefficient was a ratio of urea nitrogen concentration
in the effluent to BUN. Conventional FF and FF__ were

calculated as follows":

190 U Nephrol Soc Thail 2023; 29(3): 188-196

https://he01.tci-thaijo.org/index.php/JNST/index



Original Article J NST

Conventional FF for CVVH =

Conventional FF for CVWHD =
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ot QB, blood flow rate; Hct, hematocrit; Hctp(e, pre-filter Hct; Hctpost, post-filter Hct;

Q, ..o Net ultrafiltration rate; QRFiprE, pre-dilution replacement fluid rate; QRFPDH, post-dilution replacement fluid rate

Net:

Continuous renal replacement therapy prescription

The size of double lumen dialysis catheters was
11-11.5 French. The lengths of double lumen dialysis
catheter for right internal jugular vein, left internal
jugular vein and femoral vein cannulation were 12,
15 and 24 centimeters, respectively. CRRT was
performed using a Prismaflex M100 hemofilter with initial
prescribed effluence dose of 30 ml/kg/hour, which
can be adjusted according to the patient’s status by
the attending nephrologist. If the prescribed dose was
<2000 ml/hr, CVWWH mode was performed with a ratio of

e’ et post = 1:1. If the prescribed dose was >2000 mU/hr,

CWHDF was performed using fixed rates of QRFipreat 1000mU/hr
and QRFpost at 500 mU/hr with dialysate flow rate adjusted
to achieve the total effluence dose. The replacement
fluid was bicarbonate-buffered solution. The parameters
associated with CRRT treatment including blood flow
rate, arterial pressure, venous pressure, transmembrane
pressure, effluent flow rate and net fluid loss were
recorded hourly.

Outcomes

The primary outcome was hemofilter survival. The
secondary outcomes were the associations between FF.
conventional FF, post-filter hematocrit and other related
parameters with hemofilter survival.

Sample size calculation

The sample size was calculated by using the incidence
of filter clotting reported by MacEwen et al’. Aiming
for 80% power to detect an effect at an alpha level of
0.05 for predicting 78.2% of filter clotting would require
a total of 77 filters.

Statistical analysis

Data were presented as mean + standard deviation,
median (interquartile range) or frequency (percentage).
Filter lifespan was evaluated using Kaplan-Meier method.
Cox’s Proportional Hazard model was used to evaluate
factors associated with filter survival. Factors with p-value
<0.1 from the univariate analysis and other relevant
factors were selected as covariates in the multivariate
model. Cox’s Proportional Hazard model was performed
with backward stepwise likelihood ratio method. The
statistical analyses were performed using SPSS software
(IBM spss. 25.0, SPSS Inc). P-value <0.05 was considered

statistically significant.

Results

A total of 21 patients and 48 filters were included in
this study. Baseline demographic and laboratory data of
all patients are presented in Table 1. The mean age was
62.9+13.1 years, 52% were female. The average SOFA
and APACHE Il scores at the time of initiation of CRRT
were 13.7+3.4 and 30.7+6.1, respectively. The average
serum creatinine was 3.1 mg/dL. The two main indications
for dialysis initiation were metabolic acidosis (61.9%)
and volume overload (52.4%). The average hematocrit
was 27+6%. Sixty seven percent had at least one
bleeding risk (platelet count <40,000/ul, INR >1.5, aPTT
>60 seconds, receiving antiplatelets or anticoagulants,
or prior bleeding within 7 days). All antiplatelets
and anticoagulants were withheld prior to initiation of
CRRT in all participants, this was due to the attending

physician’s decision.
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Table 1. Baseline demographics and laboratory data of

all patients

Parameters | N=21
Age, years 62.9+13.1
Female, n (%) 11 (52.4)
Body weight, kg 71.6+24.4
Body mass index, kg/m? 27.2+8.4
Mechanical ventilation, n (%) 21 (100)
Mean arterial pressure, mmHg 86.2+15.2
Central venous pressure, mmHg 17.1£5.3
Norepinephrine, pg/kg/min 0.11 (0.07, 0.26)
Adrenaline, pg/kg/min 0.22+0.99
SOFA score 13.7+£3.4
APACHE Il score 30.7+6.1
Comorbidities, n (%)
Diabetes mellitus 10 (47.6)
Hypertension 12 (57.1)
Dyslipidemia 8 (38.1)
Coronary artery disease 2(9.5)
Cerebrovascular disease 1(4.8)
Chronic kidney disease 6 (28.6)
Others 8 (38.1)
Indications for CRRT, n (%)
Metabolic acidosis 13 (61.9)
Volume overload 11 (52.4)
Hyperkalemia 3(14.3)
Uremia 1(4.8)
Laboratory investigations
Hematocrit, % 27+6
Platelets x 10°/ul 99 (69, 211.5)
PT, seconds 17.5 (14.4, 30.8)
INR 25(1.4,3.4)
aPTT, seconds 42.8+18.0
BUN, meg/dl 56.3+27.7
Creatinine, mg/dl 3.1 (2.0, 5.3)
Potassium, mmol/l 4.4+0.8
HCOg, mmol/l 14.1+£5.2
Lactate, mmol/l 4.4(2.2,13.0)

SOFA, Sequential Organ Failure Assessment; APACHE, Acute
Physiology And Chronic Health Evaluation; CRRT, continuous
renal replacement therapy; PT, prothrombin time; INR,
international normalized ratio; aPTT, activated partial

thromboplastin time; HCOB, bicarbonate

Dialysis catheter placement sites were right femoral
vein in 11 patients (52.4%), right internal jugular vein
in 8 patients (38.1%), left internal jugular vein in 1
patient (4.8%), and left common femoral vein in 1
patient (4.8%). Sixty percent of the patients received CVWH
and 40% received CVVHDF. The average initial CRRT dose
was 30+8 ml/kg/hour. Baseline parameters of CRRT and
parameters nearest to the time of filter clot are shown
in Table 2. The average blood flow rate was 170+36
ml/min. At the beginning of CRRT, conventional FF was
19.7+7.9%, and FFHct was 19.5+13.8%. All filters clotted
within 72 hours. The median filter lifespan was
20 hours and 30 minutes (interquartile range 688 to
2,293 minutes). The duration between the collection of
parameters at the time nearest to filter clotting and the
actual filter clotting time ranged between 30 minutes
to 8 hours. The average conventional FF and FF  were
18.2+3.6% and 19.0+9.0%, respectively. The average
post-filter hematocrit was 31+5% and the average sieving
coefficient was 0.92+0.08.

In univariate analysis, dialysis catheter placement
sites other than the right internal jugular vein, systemic
hematocrit >289%, platelet count >100,000/pl, arterial
pressure <-150 mmHg, venous pressure >115 mmHg
and transmembrane pressure >260 mmHg were
significantly associated with decreased filter lifespan
(Table 3). There was no association between post-filter
hematocrit of >35% with filter survival. For post-filter
hematocrit of >40%, the number of patients was too
small for a meaningful assessment. In multivariate
analysis, factors that were independently associated
with decreased filter lifespan were FF ., 220%, dialysis
catheter placement site other than the right internal
jusular vein, and platelet count >100,000/ul. Kaplan-Meier
survival curve according to FF . <20% and >20% at the

time of clotting is illustrated in Figure 1.
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Table 2 Baseline parameters of continuous renal replacement therapy and parameters at the time nearest to filter clot

Parameters (N = 48) Baseline At the time nearest to filter clotting
Conventional FF, % 19.7+£7.9 18.2+3.6
FF, o % 19.5+13.8 19.0+9.0
Sieving coefficient of urea 0.94+0.06 0.92+0.08
Post-filter hematocrit, % 31+9 31+5
Pre-filter hematocrit, % 26+4 27+4
Systemic hematocrit, % 27+5 28+3
Arterial pressure, mmHg -84+43.5 -147+37
Venous pressure, mmHg 78+40 116+53
Transmembrane pressure, mmHg 89+2 268+90
Blood flow rate, ml/min 170+36 199+7
Pre-dilution replacement flow rate, ml/hr 928+142 975+149
Post-dilution replacement flow rate, ml/hr 738+231 808+243
Dialysate flow rate, ml/hr 922+418 11794593
Total effluent outflow, ml/hour 2,062+520 2,274+635
Fluid loss, ml/ke/hour 0 (0, 0.5) 0.8 (0.0, 1.6)
Platelet x 107, /ul 98 (54, 170) 91 (51, 162)
PT, seconds 18 (15, 40) 18 (15, 30)
INR 1.9 (1.5, 2.8) 1.8(1.4,25)
aPTT, seconds 40+13 37+7

FF, filtration fraction; PT, prothrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time;

CRRT, continuous renal replacement therapy; FF, filtration fraction

1.0
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Figure 1. Filter survival according to the filtration fra(:tionHct <20% and >20%

Hct, hematocrit
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Table 3 Univariate and multivariate analyses of factors associated with filter clotting

Factors Univariate Multivariate
HR (95%CI) P-value HR (95%CI) P-value
Conventional S | s | mmossen | 7 | teooemzem | o
i sooe | 16 | 15008m289 | ©® | secioasn | °%
i S | s | Zmomsse | O - -
| o e o | ]
sl
o | o | e [ o | e | o
20 | % | i | o [ 1t | s
e | [ | o | oy | o | o
Inotropic drug \,(\leos ; 1(1)2 E(r)e;irezn ;?; 0.75 - -
Mode of CRAT G | | 1000 189 | O - -
Dose of CRRT (ml/kg/hr) ; 28 g 128 E(r)e;egre; ;i; 0.11 - -
preria pesure (r) | 2100 | 30 | oo cisass | % | retoonasn | 0¥
venouspresre )| T332 | 2| 0 Coasen | °% | 10t 0o zen | O
TP (mmr Sa0 | o1 | 1ortonase | °%® | 1sa0snasn | O
Platelet count x 10°(cells/uL) ; 188888 ig ;22 Erle;eYre: (6:2; <0.01 ;gg E;egzre;gg; 0.03
T (second) w0 | » | sz | °F - -
It 25 | 5 | isvcsmar | 0¥ - -
SPTT Geconds) i | o | imosee | - -

HR, hazard ratio; Cl, confidence interval; FF, filtration fraction; TMP, transmembrane pressure; Hct, hematocrit; 1)V, internal jugular
vein; CRRT, continuous renal replacement therapy; CVVH, continuous venovenous hemofiltration; CVWHDF, continuous venovenous
hemodiafiltration; PT, prothrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time
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Discussion

The main findings of the present study included several
factors that were identified as independent risk factors
for decreased filter survival in patients undergoing CRRT
without anticoagulant. These risk factors included FF .
of 220%, dialysis catheter placement site other than the
right internal jugular vein, and platelet count of 100,000/
ul. However, there were no associations between
conventional FF >20%, post-filter hematocrit >35%,
sieving coefficient <0.9, and arterial pressure <-150 with
filter lifespan.

The association between FF_>20% and decreased
filtter lifespan may be attributed to a more accurate
representation of the end-of-filter hemoconcentration.
Unlike conventional FF formula, which incorporates
ultrafiltration, blood flow, pre-dilution and post-dilution
replacement fluid rates, FF . utilizes only pre-filter and
post-filter hematocrit values. In the situation where
post-filter replacement fluid is prescribed, the post-filter
hematocrit rises exponentially as the rate of replacement
fluid increases. On the other hand, the rate of pre-filter
replacement fluid has minimal impact on the post-filter
hematocrit. Since hemoconcentration, rather than
filtration fraction itself, defines the risk of clot formation,
the conventional FF formula may not accurately reflect
the extent of end-of-filter hemoconcentration. Therefore,
FF . mayserveasa better alternative to the conventional
FF in assessing the risk of filter clotting.

Although post-filter hematocrit has been commonly
used as an indicator of hemoconcentration, the present
study did not establish an association between post-filter
hematocrit of 35% or higher and decreased filter
lifespan. Additionally, the number of filters with post-filter
hematocrit of 40% or higher was too small for meaningful
analysis. The average sieving coefficient at the time
of filter clotting was 0.92 indicating sufficient solute
clearance, suggesting that other factors were responsible
for filter clotting. The association between dialysis
catheter placement site other than the right internal
jugular vein and decreased filter survival may be
explained by the direct route of the right internal jugular

venous catheter into the right atrium providing better

blood flow with less turbulence. This finding aligns with
the recommendation from the KDIGO guideline, which
suggests the use of right internal jugular vein as the first
choice for dialysis catheter placement’.

The median filter lifespan in the present study was
20.5 hours which was comparable with the data from the
prior systematic review and meta-analysis that reported
the average filter lifespan of 22+11 hours’. Several
randomized controlled trials have demonstrated the
benefit of CVWHDF in prolonging filter survival (44%

lower failure rate) when compared with CVWH'"*** H

ow-
ever, the present study did not find a significant difference
between the mode of CRRT on filter survival. As for other
CRRT parameters, there were no associations between
arterial pressure and transmembrane pressure of the CRRT
circuit with filter survival. On the other hand, the previ-
ous study reported the association between increased
transmembrane pressure with the risk of filter clotting”.
The present study revealed the association between
increased platelet count with decreased filter survival.
Similar finding was reported by the previous single-center,
retrospective, observational study conducted at a tertiary
referral center in Melbourne, Australia'®. This same study
also reported an increase in filter lifespan with higher
blood flow rate. However, the present study used a fixed
blood flow rate preventing an analysis of different blood
flow rates on filter clotting.

The present study was limited by the collection of
data every 8 hours instead of continuous monitoring
resulting in a lag time between the last dataset and the
time of filter clotting. The variation in blood flow rates as
aresult of vascular access problems was neither recorded
nor considered in the calculation. The statistical power

is also likely to be affected by the small sample.

Conclusion

FF ., was an independent predictor of decreased
hemofilter survival in patients with AKI who underwent
CRRT without anticoagulation. This finding suggests that
FF_, could serve as a compelling alternative to the
conventional FF in assessing the risk of filter clotting.

Furthermore, increased platelet count and dialysis
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catheter placement sites other than the right internal
jugular vein were also identified as predictors of decreased
filter lifespan. However, it is important to note that these
findings should be further validated through future studies
with larger sample size to solidify their significance and

clinical implications.
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Effect of Low-dose Heparin Anticoagulation
on Number of Dialyzer Reuse in Maintenance
Hemodialysis: A Randomized Crossover Study

Wipawee Hantrakul, Thanit Chirananthavat
Division of Nephrology, Department of Internal Medicine, Police General Hospital, Bangkok, Thailand

Abstract

Background: Heparin is commonly used to prevent clotting of dialyzer in maintenance hemodialysis. Higher dose of
unfractionated heparin may increase the risk of bleeding, whereas lower dose may increase the risk of clotting and
limit the number of dialyzer reuse. The present randomized crossover study compared the efficacy and safety of
low-dose heparin anticoagulation with standard-dose heparin anticoagulation in maintenance hemodialysis.
Method: Seventy five stable maintenance hemodialysis patients underwent 1:1 randomization to receive low-dose
heparin anticoagulation protocol (LDP) (loading 15 units/kg and maintenance 500 units/hour) or standard-dose
heparin anticoagulation protocol (SDP) (loading 50 units/kg and maintenance dose 1,000 units/hour). Primary
outcome was the difference in the number of dialyzer reuse. Secondary outcomes were differences in activated
partial thromboplastin time (aPTT), Kt/V, erythropoietin and iron requirements, iron parameters and adverse
events.

Results: The number of dialyzer reuse was significantly lower in the LDP group compared with the SDP group
(17+4 vs. 1345 treatments, p<0.001). LDP group had lower aPTT values at 2 hours (36+13 vs. 70+36 seconds, p<0.001)
and 4 hours (31+10 vs. 55+30 seconds, p<0.001) after dialysis initiation and Kt/V (1.7+0.4 vs. 1.9+0.4, p=0.001)
compared with SDP group. Hemoglobin was higher in the LDP group. There were no differences in erythropoietin
and iron requirements and iron parameters. Two minor bleeding at the vascular access site occurred in the SDP
group. Other minor adverse events were not different between the two groups.

Conclusion: Using low-dose heparin anticoagulation resulted in a lower number of dialyzer reuse compared
with standard-dose heparin. The negative impact on dialysis adequacy was also evident. Thus, low-dose heparin
anticoagulation should not be recommended in the prevention of dialyzer clotting in maintenance hemodialysis

patients with low risk of bleeding.

Keywords: anticoagulation; heparin; dialysis; dialyzer; kidney failure; TCV; ESRD; ESKD
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Introduction polysaccharide that binds to antithrombin and inhibits
Heparin is one of the most commonly used thrombinand factor Xa. Heparin can reduce the incidence
anticoagulant agents to prevent clotting of hemodialysis  of blood clots but, on the other hand, higher dose of

(HD) circuit, dialyzer, and blood. Heparin is a sulfate  heparin can increase the risk of bleeding. Patients receiving
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maintenance HD are already at increased risk of bleeding
due to impaired platelet function from accumulation of
uremic toxins. Gastrointestinal bleeding, intracerebral
hemorrhage and intra-abdominal bleeding are among
the most common bleeding incidences in HD patients.
Heparin can also inhibit lipoprotein lipase which normally
breaks down triglycerides resulting in an elevation of
trigslycerides and increasing the risk of atherosclerosis.
Heparin also suppresses angiotensin Il receptors in the
kidney causing a reduction in aldosterone resulting in an
increase in serum potassium.’

Standard-dose heparin protocol (SDP) is the standard
anticoagulant protocol of unfractionated heparin for
maintenance HD. To alleviate the adverse effects of
high dose heparin, low-dose heparin protocol (LDP) has
been proposed.” The previous study comparing low-dose
heparin (loading 5-10 units/pounds body weight and
maintenance 10 units/pounds body weight/hour) with
regional heparin revealed lower rate of bleeding
complication with low-dose heparin (10% vs. 19%, p< 0.05)’.
Another study using 50% reduction in the heparin dose
showed no difference in the thrombosis rate compared
with regional heparin. However, heparin-coated filter was
used in this study.” The previous small study comparing
SDP to LDP in maintenance HD revealed no difference
in the number of dialyzer reuse. Lower erythropoietin
dose and activated partial thromboplastin time (aPTT)
were noted in the LDP group. However, the number of
patients in each group was small making it difficult to
draw a meaningful conclusion.?

Most countries continue to favor unfractionated
heparin anticoagulation during HD procedure because of
the ease of use and low cost. In Thailand, the standard
loading and maintenance doses are 50 units/kg and
800-1,500 units/hour, respectively. Among patients with
increased risk of bleeding, flushing with normal saline or
regional citrate anticoagulation is recommended.’ In the
United States, typical loading and maintenance doses are
75-100 units/kg and 1000-1500 units/hour, respectively.
In the Europe, the SDP consists of 50 units/kg loading with
the maintenance rate of 800-1,500 units/hour, whereas
the LDP consists of 10-25 units/kg loading with the

maintenance rate of 500-1000 units/hour.’ Dose reduction
in patients at high risk of bleeding is a common practice
in both the United States and Europe.

The present randomized crossover study was
designed to examine the efficacy and safety of LDP
compared with SDP in maintenance HD. The primary
outcome was the difference in the number of dialyzer
reuse and secondary outcomes were differences in
aPTT, Kt/V, erythropoietin and iron requirements, iron

parameters and adverse events.

Materials and Methods

Study Design and Setting

This is a randomized crossover trial in maintenance HD
patients at Nawuti Somdet Ya Hospital, Bangkok, Thailand
between April 2020 to January 2022. The study was
approved by the Institutional Review Board of Police
General Hospital and written informed consents were
obtained from all participants.

Participants

Patients receiving outpatient in-center hemodialysis
were screened for participation. The eligibility criteria
were age >18 years, receiving HD 3 times/week and using
unfractionated heparin as an anticoagulant. The exclusion
criteria were: (1) receiving warfarin; (2) acute infection
(body temperature >38.0°C); (3) congestive heart failure
(swelling, shortness of breath, crepitations, volume
overload on the chest x-ray); (4) hospitalization during the
past month; (5) acute vascular event including coronary
event, cerebrovascular accident and limb ischemia;
(6) history of <10 times of dialyzer reuse; and (7) hepatitis
or HIV infection.

Outcomes

The primary outcome was the difference in the
number of dialyzer reuse. The dialyzer was replaced
with the new one when the mean total cell volume
(TCV) was <80% or when the reuse reached 20 times.
Secondary outcomes were differences in TCV, aPTT,
spKt/V, hemosglobin, erythropoietin and intravenous iron
requirements, iron parameters, platelet count, serum

potassium and triglycerides, and adverse events.
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Estimation of the Sample Size
Based on the previous study, we hypothesized that the
use of LDP would not influence the number of dialyzer
reuse compared with SDP. The number of patients from
that study was 100 per arm.”

Randomization and Crossover

The patients were randomized 1:1 to receive LDP

(loading 15 units/kg and maintenance 500 units/hour) or
SDP (loading 50 units/kg and maintenance 1,000 units/
hour) until the TCV became <80% or the number of
maximum reuse (20 times) was reached. The patient was
then assigned a different regimen of heparin until the

same endpoint was reached. (Figure 1)

Low dose Low dose
heparin heparin
Study 1:1 Random
patients
Standard dose Standard dose
heparin heparin
Period 1 q Period 2

?

Baseline data

?

Labs at
10™ session

Figure 1. Study Diagram

Biochemical data

Baseline demographic data including age, sex, dry
body weight, height, body mass index, dialysis vintage,
underlying diseases, etiology of kidney failure, the use of
antiplatelet agents, types of vascular access, blood flow,
dialysate flow and ultrafiltration rates were recorded
at baseline. Blood collection for laboratory tests were
collected at the 10" HD session and at the end of the
study. For aPTT test, blood was taken prior to the start
of HD, at 2 hours into HD session and at the end of HD

session. Bleeding events were recorded throughout the

End of each period
If clotting or reaching
maximum reuse

?

Data collection
end of Period 1

?

Data collection
end of Period 2

?

Labs at
10™ session

study period.

Statistical analysis

Data are presented as meanzstandard deviation,
median (interquartile range), frequency and proportion.
Since this was a crossover study, the changes in primary
and secondary outcomes were evaluated over a period
of 3 months for each stage of the study. Differences
between two groups were compared using Student’s
t-test, Wilcoxon signed-rank test, or Fisher’s exact test.

P<0.05 was considered statistically significant.
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Results

One hundred patients were screened, and 75 patients
were included in the final analysis (Figure 2). Baseline
characteristics of all patients are shown in Table 1. The
mean age was 55.9+14.8 years and the average body
mass index was 23.1+4.6 kg/m’. Forty three percent
were females and 39% were diabetic. The median
dialysis vintage was 5.6 years. Etiologies of end-stage
kidney disease were hypertension 62.7% and
diabetic nephropathy 33.4%. Table 2 shows the type of
vascular access, blood and dialysate flow rates and
ultrafiltration rate for the LDP and SDP groups after
randomization. The most common type of vascular
access was arteriovenous fistula. Blood flow and
dialysate flow rates and ultrafiltration rate were
comparable between the two groups. Table 3 shows
the dose of unfractionated heparin in the LDP and
SDP groups. The loading and maintenance doses were
significantly lower in the LDP group compared with the
SDP group.

Stable maintenance chronic
hemodialysis patients
between 2020-2021, N = 100

) 4

Exclude:
Refuse to participate = 3
HBV positive = 5
Dead = 3
Refer to other hospital
Change frequency of dialysis = 14

¥

Stable maintenance
chronic hemodialysis patients, N = 75

) 4 \ 4

Standard-dose Low-dose
heparin heparin

Figure 2 Study Flow Chart

Table 1. Baseline characteristics of all patients

Parameters

Age (years)

N=75
55.9+14.8

Female (n/%)

32 (42.7%)

Hypertension

Body weight (kg) 61.1+15.1
Height (cm) 162+8.8
Body mass index (kg/m?) 23.1+4.6
Dialysis vintage (years) 5.6 (3.2,9)

73 (97.3%)

Diabetes mellitus

29 (38.7%)

Cardiovascular disease

15 (20%)

Others

Hypertension

28 (37%)

a7 (62.7%)

Diabetic nephropathy

25 (33.4%)

Others

3 (4%)

Use of antiplatelets and
anticoagulants (n/%)

27 (36%)

Aspirin 20 (26.7%)
Aspirin and clopidogrel 4 (5.3%)
Aspirin and ticagrelor 1(1.3%)
Apixaban 1(1.3%)
Clopidogrel 1(1.3%)
Table 2. Hemodialysis parameters
Standard Low
Parameters
Dose Dose
Double lumen catheter o o
(n/%) 1(1.3%) 1 (1.3%)
Arteriovenous fistula (n/%) | 53 (70.7%) | 53 (70.7%)
Arteriovenous graft (n/%) 8(10.7%) | 8(10.7%)
Tunneled cuffed catheter 13(173%) | 13 (17.3%)
(/%)
Blood flow rate (mL/min) | 354.7+60.5 | 353.3+61.7
Dialysate flow rate (mL/min)| 524+81.9 520+75.3
Ultrafiltration rate 684.7+220.1 | 695.3+225.4
(mL/hour)
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Table 3. The amount of unfractionated heparin

Unfractionated Heparin Standard Dose Low Dose P-value
Loading dose (units/kg) a6+7 1343 <0.001
Total loading dose (units) 2773+768 817+307 <0.001
Maintenance dose (units/hour) 993+58 500+0 <0.001
Total maintenance dose (units) 2980+173 15000 <0.001
Total dose (units) 5753+844 2317+307 <0.001

The LDP group had significantly lower number of
dialyzer reuse compared with the SDP group (13.3+5.3 vs.
17+4.4,p<0.001) (Figure 3). The TCV was also substantially
lower in the LDP group. The aPTT values at 2 hours and
4 hours after the start of HD session were lower in the
LDP group (Table 4). Lower spKt/V was observed in the
LDP group. Hemoglobin was higher in the LDP group,
but erythropoietin and iron requirements, transferrin
saturation and serum ferritin were similar among the
two groups. There were no differences in platelet count,
serum triglyceride and potassium between the two
groups (Table 5). Minor bleeding at vascular access
site occurred only twice in the SDP group (0.2% vs. 0%,
p=0.507). There was no incidence of major bleeding such
as gastrointestinal bleeding or intracerebral hemorrhage

in either group.

25
17+4.4 13.3+5.3
Q < 0.001
5 20 T P
g
g
> 15 l
o
a
G
c 10
©
[}
=
5
0
Standard dose Low dose
heparin heparin

Figure 3. Number of dialyzer reuse

Table 4. Total cell volume and activated partial

thromboplastin time after the start of hemodialysis session

Standard Low
Parameters P-value
Dose Dose
TCV (ml) 95.2+15.5 78.3+19 <0.001
aPTT (seconds)
0 hour 32.3+12.6 | 31.8+17.8 0.8724
2 hours 69.8+35.9 | 36.3+12.7 <0.001
4 hours 54.5+29.8 31.3+10 <0.001

TCV, total cell volume; aPTT, activated partial thromboplastin

time

Table 5. Dialysis adequacy, erythropoietin and iron

requirements and laboratory data

Standard Low
Parameters P-value
Dose Dose
spKt /V 1.9+0.4 1.7+0.4 | 0.001
Hemoglobin (g/dL) |  9.3+1.3 9713 | 0015
Erythropoietin 9324+3445 | 9149+3455 | 0.17
(units/week)
Intravenous iron | g ¢ 551 71371.44239.0| 0.414
(mg/month)
Transferrin
saruration (%) 3124131 | 31.2+137 | 0.99
.. 258.1 318.8
Ferritin (ne/mL) | (1397 107.0)| (121.3.450.5)| 0%
Platelets
(colle x 1000/L) | 19264595 | 19174649 | 0818
Serum friglyceride |1y o 55 160)| 115 (7a,167)| 0.798
(mg/dL)
Serum potassium |15 05 | 40,06 | 0.628
(mmol/L)
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Discussion

The main findings of the present study included
LDP significantly reduced the number of dialyzer reuse
compared with SDP. This was associated with lower
TCV and spKT/V in the LDP group. Apart from lower he-
moslobin in the SDP group, other parameters including
erythropoietin and intravenous iron requirements, iron
parameters, platelet count serum triglyceride and
potassium were comparable between the two groups.
Minor bleeding at vascular access site occurred twice
in the SDP group.

The reduced number of dialyzer reuse in the LDP group
was likely due to an increase in minute clotting within
the dialyzer. This was supported by lower aPTT values at
2 hours and 4 hours after the start of HD in the LDP group.
The previous study has demonstrated the association
between higher aPTT and decreased likelihood of
blood clots in the dialyzer.” The average value of TCV
was also significantly lower in the LDP group which
reflected the continued reduction in the effective
dialyzer volume due to repeated clotting. This resulted
in lower spKt/V in the LDP group.

The average hemoglobin in the LDP group was
substantially higher compared with the SDP group.
Bleeding events, erythropoietin and intravenous iron
requirements and iron parameters were similar between
the two groups and could not explain the difference in
hemoglobin. It is possible that minute bleeding at vascular
access site might occurred more frequently in the SDP
group. This small amount of bleeding might be considered
trivial at the time but the cumulative effect over several
HD sessions could result in a decrease in hemoglobin in
the SDP group.

Other side effects of high dose heparin including
thrombocytopenia, increased serum triglyceride and
potassium were not different between the LDP and SDP
groups confirming the safety of SDP in maintenance HD.
The strength of this study is the study design which is a
randomized crossover trial. The present study is limited
by small number of patients and the use of surrogate

outcomes.

In conclusion, LDP resulted in a lower number of dia-
lyzer reuse compared with SDP. This was associated with
reduced TCV and dialysis adequacy in the LDP group. LDP
offered no advantage in terms of side effects compared
with SDP. Therefore, LDP should not be recommended in
prevention of dialyzer clotting in maintenance HD patients

with low risk of bleeding.
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C3 Glomerulonephritis:
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Abstract

Membranoproliferative glomerulitis is a characteristic pathological finding in several systemic diseases including
systemic lupus erythematosus, rheumatoid arthritis, Sjogren’s syndrome, and plasma cell dyscrasia. The malfunction
of C3 complement system causing the uncommon nephritic syndrome called C3 glomerulonephritis is also
associated with pathological changes which are characteristic of membranoproliferative glomerulonephritis.
High clinical suspicion and kidney biopsy are required to make a diagnosis of C3 glomerulonephritis. Like other
glomerulonephritis, prompt treatment with immunosuppression can improve renal outcome. This is a report a
73-year-old man presenting with rash on both feet and acute kidney injury with nephritic urine sediments.
The results of kidney biopsy were compatible with C3 glomerulonephritis. Further testing with serum immunofixation
was not suggestive of monoclonal gammopathy, which is commonly associated with this condition in patients

older than 50 years.
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Hb 13 ¢/dL, Hct 39.2 9%, WBC 15260 celLs/mm3, N82.9%,L 7.3 %,
Platelets 488000 cells/mm?

HaN1IATIINITasUfURNsIALRY

» HBsAg, Anti-HCV, Anti-HIV: Negative

« Serum protein electrophoresis: Possible monoclonal
spike present in gamma globulin region

« Immunofixation: No monoclonal gammopathy
detected

« ANA: Negative

« Anti-PR3, Anti-lactoferrin, Anti-MPO, Anti-elastase,
Anti-cathepsin G, Anti-BPI: Negative

AUaelasumaitadeilinigvaenidondniau (vasculitis)

s wazlianglmedeundusuiiasduanmsshiay
yaalnallegaa esanesnulusiusazidadonunda
Tutlaane wdsanfnnunsyinauueslanuitssauasiefidu
luidenagsening 2.5 - 2.8 Un./Aa. MRIINTNUTE IR
pasameudlinvamgduvesnmlanedeundu e
3ald%unisianznsatwilolaiiuduiiesainasdoniiy
rapidly progressive glomerulonephritis (RPGN)
HAN1SASIININENTIN Ve deln ﬁmamﬂugﬂﬁ 1
wulnategaadnuiu 24 Inawesda lnelidnwazues
global sclerosis 3 IﬂaLuagﬁa fibrocellular crescent
1 lnaluesda Iﬂamagﬁaﬁmﬁa‘ﬁwmﬁ endocapillary
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war mesangial hypercellularity squAuiin1siindu  tubular injury nsyanedudundons uaviwad lymphocyte

£
o

weawaa neutrophil LonaNLTsnund tubular atrophy way  TuuSnawes interstitium @ntiee nilaveasnidonunail
interstitial fibrosis Uszanuiosay 10 wuanwuzUes acute  anwauzUn@

5U 1 weSIne1vedls

n. Global sclerotic glomerulus (gnAsdv17) war wadidladions1iluuinm interstitium (gnAsdan) (10X, PAS);
9. Endocapillary tag mesangialhypercellutarityiuiﬂaL@Jagﬁa(1OX, PAS), A. Endocapillary Waiz mesangial hypercellularity
Tulnawezda Tawfufinisfintuves neutrophil (40X, PAS); 1. Fibrocellular crescent Tulnaingda (gnes) (40X, PAS)

n13dau immunofluorescence Wuindinisia C3 U3 3+ (U 2n) uay Clg USum trace (U7 29) Ui

glomerular capillary wall Wag mesangium

5U# 2 nan1sdes immunofluorescence
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nsnTafiendesgansimididnasou dauansluzud
3 WU electron-dense deposits fiusin subepithelium,
intramembranous, subendothelium Wag mesangium
WU foot process effacement Uszuauioaz 80 luwu

subepithelial hump %30 tubuloreticular inclusion

3U 3 MMANNaeRansIALBLENATaU

N. k@Rd subepithelial deposits (§nes) kag foot process
effacement; 9. wany Mesangial deposits (gnes);
A. ka3 Subendothelial deposits (gneis)

FUhelssunisidededu 3 glomerulonephritis 3
Laduiusivu paraproteinemia Uaelasunisinuidae
prednisolone 15 un./1U Wag azathioprine 100 1n./U
doRanugtaendldFunmsinulund 6 Weu wuindsu
A3lefifluanasnegi 1.36 un/na. uas sansiailaans
albumin — negative, WBC 0-1 cell/HPF, RBC 0-1 cell/HPF,

no cast

NUNIUITIUNITIU

nnzladniau C3 glomerulonephritis Junmeiiny
IlvosluneUfvd gofnisafveslsadludagduss
Lifisenudaay wilsienugdinisalsiuvengulsa C3
glomerulopathy Fausznaulude C3 glomerulonephritis
way Dense deposition disease Tuuszinaanigowusng
finu 1 - 3 TedeUszrIng 1 d1use’ uarUssimaanse
pandnsuazlesuaudiinu 1 - 2 sereUsvang 1 §1use?

nalnn1sinlsa

azladniau C3 glomerulonephritis tina1NAIM
HAUNRYDINITNIIUTDITEUUADUNAUIUARIUNTZUIUNTS
alternative ZemuunAudin1sviauvesszuuAeundLs
%Qﬂmuaaﬂ,@]aﬁa%’aﬁug’mmmjﬁﬂ ns¥UILN"T alternative &
JzBuanaoundingaiin C3 favamedldieaindy C3a
wag C3b &1 C3b wduriu Factor Bb Suldunannmsaasdh
294 factor B lngas C3 convertase s Factor D ol
wiirfideundulunszdunisaaedves 3 1Aaduians
nsEFuUNTINUYRITTUUABINANUAs e lUS oYY uaY
uaNNG C3 convertase Misaudafu C3b wiiudn 1 &
agnaneiiu C5 convertase fianusaaans €5 u Csa uay
C5b Feagnszduszuunounaudauaavneiaidy C5b-o
complex fudssuudiosiitadesudsnanszfuresszuy
oumanudlilsiAsniuluduandugil 4 Sanntade
fudumanivhanfisunfluardsualifinanssdussuuney
WAMUAINTUNTIUNR nnNsadne C5b-9 complex 7
wiffiianzgnifsinawegia villiisiaidenuradunly
Tnawesda ndsaslelaladuasiouluitosaaislusiu
whatswasnivasnldendss foN19zlAinn YUYy
Taensad1a basement membrane lysifusnifuus immune
complex Farhliiuntsvedinawegiadu 2 Fulunns
ATIANINYNTINGN
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L

C3 convertase

- ,_+\.

C5 convertase

UM 4 NI2UIUNINTEAULAEAIUANNITVINNUYDITLUUABLNEIUANINNTEUIUNT alternative pathway

Bb, activated factor B; FB, factor B; FH, factor H; Fl, factor |

anviilfiAalsad Tdun AruRnunfnietugnssu
FrlWnsThaue sy UUABIMAIFLUU alternative 11Ty
?iama%Lﬁmmnmiﬁfmuﬁu'm%wuaaﬁaﬁ’aﬂiz@i’u laun
ANURAUNAYOIEU C3 AuRAUNAURI8Y Factor B WAy
ANUEAUNAvesaeugnIsuvinligy FHR udedueagng
AaUnd (fusion gene) WiaiAnannisvhaufianasvestiade

3
[ a

AffudssruuneumamudnunszuIuns alterative 1éun
AuieUnAveBuiiruauAsYaILYes Factor H Factor |
wag membrane cofactor protein (MCP) 48n31nAuHAUNG
VNIRUTNTTULEINTAF19 autoantibody FiBsEUUADNNEILA

AidudnanvniiviiliiAnlsald 1dun nisa¥he C3 Nephritis
factor (C3 NeF) Faduamniinutesiian C5 Nephritis
factor (C5 NeF) C4 Nephritis factor (C4 NeF) Laufuafsio
C3b woukuaffa Factor B WazkauRusfse Factor H way
ammaaviefinislasunisuesmlneiannzegiedslugioe
Affenguinnd 50 Videsaniduavnfidesnisnisine
fisumzdie monoclonal immunoglobulin wulugUqe
Tsauzisdlunszaniiedlaun wag monoclonal gammopathy
of renal significance (MGRS) &aagviutinfindne FHR &
929l Factor H ¥iauanad (ans19di 2)
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A19199 2 amguaznalnueinisiinlin C3 glomerulonephritis

UL ‘ nalnivinliiinlsn

gupuaumUNGLLILG C3 M NsveuYes C3 Uniu

Factor B aggneavaaelngy Factor D 1¢1u Ba uag Bb tilelusiuiu C3b tamdu C3bBb
9158 C3 convertase lmmﬂmu

gupiuAu Factor B

ANNRRUNATataeRugNIIUYiTlAEY FHR wdeniusteiinund (Fusion gene) wu
FHRS, ;~FHR5,.5, FHR3, ,~FHRLs, FHR1, ,~FHR5,_o, FHRL,~FHRL, s, FHR5, ,~FHR2, 4
mﬂ‘mmumumimmwum'iuwwamumwummu

Factor-H-related fusion proteins

ﬁuﬂ’mﬂu Factor H AANTSYIN9IUYBY Factor H efintinivinany C3 convertase kag C5 convertase

v

guatunu Factor | AaAN13YINIIUYeY Factor | Failntifivinany C3 convertase

Bumaumu Membrane cofactor | anAN1591191ues MCP Fadulusfuniiowad fvihfiduaunisvirenues Factor |

protein (MCP)

C3 Nephritis factor (C3 NeF) \Juueufivedide C3 Convertase vhuhilifiuAuasiives C3 Convertase

C5 Nephritis factor (C5 NeF) \Juweufivedie C5 Convertase vhuihiiifinauasiives C5 Convertase

C4 Nephritis factor (C4 NeF) \Juuevfivedide Cab2a vhuthilifinanuasiines C3 Convertase war C5 Convertase

Juiu C3b kay C3c MRUNMLAINUAIS RS C3 Convertase Wag LUNISYINGIU
Y99 C5 convertase

wauRusfne C3b

waURUDAMe Factor B Juiiu Factor Bb ¥l#sinsiinnnsyvinanuees C3 convertase

LouRuBAMe Factor H JUAU Factor H ¥ bANSHINNNSYINaUu8958 U UABUNELIUA

DINTTLLATDINTTLLE MY

nnsAnslulseimaansgowsn >

ANI1YDIUNINT
warloduaus? dSuaa® 8r1a° vy’ wardudie® wuilsale
dniau C3 glomerulonephritis wuldnnaene lneansnee
91gvasiUrsvnieIladeegsening 12-73 U uaglifiniy
WANANTDITNIINITANLIATENINUNARY LAY 81NT
Fnsranuaazideds Teun TWsiud was Wadoauwndm
Tudlaaniz meiauveslaanas anudulafings dudy
ngue1Ns nephritis UTinailusiuisilutiaanzenaiinia
Wanueilsalawlisiails lngainsieaunuinievay
30-50 ftheilusAusrludiaanzinnninusilsalawlsie
wazlianwagneaadndnlanulsalawlnsia lnen1sanw
TulsznanSaaanuiosay 26.8° Ussimraw3ndouay 32.6'
Usenadmnasosay 29° uay UsvinAdulfesosay 51.7°
drunisnudadenuasialutlaans wulddesas 65-85
nssenululssmaansvetundnsiazlasuauanutaany
Dudendesas 23 wazanusumedmanuiovas 38° e
Ves1we1anUiniinsiistuvessesuesiofiduluiden Tay

wuszAuAsefitlundsvnzitaduegsening 1.5-2.0 un./ma.
waznugUielannesunsaaudeddasunisirdanaunule
Yovaw 2.6-14.3° dunnusulafingaiunulszanndosas
35 — 65> wanudnwazlaiungueinis Nephritis
Uszanaudeway 28 - 32'°

n197U9RY

msidadelsaladniau C3 Glomerulonephritis 81#y
NIATIANNNBINEN Tneniidnwuzyes membranopro-
liferative gLomerulonephrl’us FaagnuldForay 50-70 vos
wawm uaﬂmﬂua’m‘wu mesangial hypercellularity
Sowvay 15-35 crescentic formation $98ay 2-32 glomeru-
losclerosis 588ay 1-6 N15M333 immunofluorescence
wun1shin C3 iy Tnemniinisinddeudusudie azdos
finsein C3 fwnnndn 2 sziu Tneanunsadeldieusinn
Hilavaeniienveddnaluegiauas mesangium N13ATIA
AIENaeIganssAUBIanAseu WU subepithelial deposits
leUszunusouay 61-63 intramembranous deposits
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F98az 49-52 subendothelial deposits 3988z 49-71
subepithelial hump Seeaz 41-48.5 mesangial deposition
Seuaz 68-99 deposition Mktsnasnidenvedlnaegia

Souay 97 way foot process effacement so8ay 3.9-21.4'>%°

N1305AN R UANS
N13953nmelfURnsndfyUesiuiion1sitdade
wazUsgtiiue1nisveslsa C3 glomerulonephritis lawa

nsnsadaaneiiiegdadoauasiinazUiunalusiy
AsnsrainseRudsuasiefiduiioUszifiunisinausedla
warMInTIRsEunsIMAIUSTAERENUTEAU C3 flsUszana
Sovaz 40-70 uaz C4 sldUszanadosay 0-60"> uanan
msasaalesduiion sidedouds anduuritlunyamis
n1sguasnuifUlslsaladniauves KDIGO Ua.a. 2021
(KDIGO)’? "Lsi”wzﬁnmammLﬁuamﬁammmmaﬂsﬂ
Fapns1edi 3

A13197 3 N30TIINNWBIUHUANSOMANNEAUNAYINITINAUVBY alternative complement pathway

Functional assays

Quantification of complement components and regulators

‘ CH50, AP50, FH function

C3, C4, Fl, FH, FB, Properdin

Measurement of complement activation

C3d, Bb, sMAC

Autoantibodies

Anti-FH, Anti-FB, nephritic factors (C3, C4, C5)

Genetic testing

C3, CFH, CFI, CFB, and CFHR1-5 MLPA

Plasma cell disorders

Serum free light chains, serum and urine electrophoresis
and immunofixation

Immunofluorescence studies on kidney biopsy specimen

IgA, IsG, IgM, Clq, C3, fibrinogen, kappa, lambda, Cdd
(usually bright C3, negative or minimal Ig, negative C4d)

(AnlUava91n KDIGO clinical practice suideline on glomerular disease 2021°)

AP50, complement alternate pathway activation 50%; Bb, activated factor B; C3d, complement component 3d; C4dd,
complement component 4d; CFB, complement factor B; CFH, complement factor H; CFHR1-5, complement factor
H-related protein 1-5; CFl, complement factor I; CH50, complement hemolytic activity 50%; FB, factor B; FH, factor H;

FI, factor I; Ig, immunoglobulin; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; MLPA, multiplex

ligation-dependent probe amplification; SMAC, soluble membrane attack complex.

AsIdadsuenlsa

dlomnangladniau C3 glomerulonephritis 1Jun1y
fwulddos a1n1suazernsuansveslsalilauisausnlsa
Mnamelasniauananimgdue Ifegnadaau warmsidede
Tsatusfudesedeainuanisnsaamanesineg Jeies
AhaduuenlsaainaniznselsaiifinanisnsranimenSine,
AR1eAdeiy eansnerdlinlndiAssdiy wazdiaatugyn
yaslsaunnn wisedulseiisnludadlasumsddedsliuudn
dosaniinsshniisumzsolse laud 1) angladnaune
vdimsinde (acute postinfectious glomerulonephritis):
FudunnelesnaufiAnaundinsindouuadide Tne
ftheasinngladnaumendsnisindofiian -6 S
vianendinisinideludinedunan 2-4 ey sedv

Y94 C3 e luvaziissdures C4 WBuund wasmnidu
lnsniauidsunduainnisindieansulnnenda 0199s
MIIANU anti-Streptolysin O, anti-DNase-B %38 anti-
hyaluronidase 19 saufun1zlagniauideundy fan
nsviuvedlaiaund Jagizesnideouas v Jaane
Ywdon asanudindenundutlaann: vieonailusiusa
Tudaanizld Tnsnanisnsranmisieslifinisuazeinis
sanandenu drnulnaldesiunniglasniau C3 glomeru-
lonephritis 110 YenaniUsEAmsaniothunnouilennisle
gniau Aanansanuldluditaelagniau C3 glomerulonephritis
Ioauiu annmsfnwgiaelagniau C3 glomerulopathy
TuUszimaansiverandnsuaglosuaun a1y 80 518
wuadu C3 glomerulonephritis $1u3U 59 518 kay Dense
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deposition disease 113U 21 18 wuIigUle 4 518
fifusyiaiinshndonafumelatundeufissiinenis
lpdniau wazandwauglie 4 s1edinas I5Uae 1 9
weldsumitadeindulsalasniaudeunduanmsinide
awsUlnnoada usidoRamuoinisvosiiesesnuind
nsvheureddalilfity saufunuitssduvesneundiuus
Janas Faldsunsnsnatuiielaunarldfunsitedeindy
amzladniau C3 glomerulopathy? uenaniaInsinen
Binsgsilulssimaanszelindaliduaslasniay C3
glomerulonephritis 31171 102 518 WuIEUIe 28 518
(Joway 27.5) dn1shinidetunneu T 16 uinde
madumeladiuuy 9 sedndelussuumaduiaanie
1 swdadeluvon 1 1efade HIV way 1 s10fade
fidofutila fnsnsaany anti-Streptolysin O 2 918 uae
anti-DNase-B 1 518 atiulainanig 2 mwﬁw&maaﬂmﬂﬁ’u
lAen wazdesendenisfinniueinis’ 2) anleadneay C3
fiduWusAu monoclonal sammopathy (Monoclonal
gammopathy associated-C3 glomerulonephritis)
angladniauiitinainnisaiuiaUnfvesnisiiauves
wananwadiliAnnsaislusAuduyulnayauiiiaund
arusadiliiiaanuiauninislalanateUszian 1y
wﬁﬂuﬁuﬁamw monoclonal gammopathy associated-C3
glomerulonephritis fUreazudigeinisdaanizidunes
Jaanziidenvu sefudsuasiofiduluidengs n3eene
wmengueIn1slnsinild MsasavnameSinendilatu
C3 glomerulonephritis 1ngA1501923 immunofluorescence
p1aRavseliAA light chain ¥iim Kappa w3e Lambda Ale
AUrenglngniau C3 glomerulonephritis fiduius i
monoclonal gammopathy %ﬁmqhma?{aqaﬂiw 210
swauifihedwau 32 elulsemaanigeiain nuengade
GUENQ'“I'J’JEJ 10 518§l monoclonal gammopathy agjﬁ 5451
Iuﬂumzﬁﬂq'umiiwu monoclonal gammopathy #81g
Wdn 315 U wagmnfinnsananzgiiefiengannnii 50
%AW monoclonal gammopathy f4508az 60
Tuvaugiigteilengifosndt 50 T wuiiissievas 18.2° way
Inseuidanuguasiduszezina 10 Jlulszina
ansgewsnt nuingthungladniau C3 glomerulopathy
U 95 918 IN1IMTIINUATIE monoclonal gammopathy
Sowaz 37.9 HAEWUAIIUYNYBS monoclonal gammopathy
Tugihefionggandn 50 Jgefefesas 651" fUwnnzla
Sy C3 glomerulonephritis fiduusAu monoclonal
gammopathy Sinfidsuasiedidugenin Yiunldsius

Tudaanzannndt wasasanusedu C3 slddosniuile
LU%UULﬁﬂUﬁUﬂq'uﬁiu'WU monoclonal gammopathy
dwsunalnnisifalsaledniinainnisii monoclonal
immunoglobulin wvwiiduseuRiuedse Factor H
Tnedindnguatuayuainnisdnwisgaugvigyiiueny
76 U m31a1deanu monoclonal 1gG %ia lambda %nﬁqﬁ]uﬂlﬁ
1875 western blot wag immunofixation electrophoresis
Miluueufvenduiu Factor Hlnensa'? 3) Dense deposition
disease \Junnzioglunguifisatufunnzladnay €3
glomerulonephritis Fausnainfuldlaenisnsiadiendes
Qawiﬁﬂﬁalﬁﬂmau%dmw Dense deposition disease
agnudnwazidy highly dense, osmophilic deposits 7if
anwauwilu ‘sausage-shaped’ 7i¥ lamina densa \iesan
Tuftheeiifiengainnd1 50 3 udkamansramsiesu iR
A13Ya serum protein electrophoresis lag immunofixation
laiwun11g monoclonal gammopathy wagaledainnn
Tunsdemsianaiesliminis Juihbililansrannuiaund
YBINTVNLVBITFUUADLNEUARLAY usiognslsfn
o910 Uae5unanion1sneusguIn AMLAaUNR
fiAnTuAniiu1agdanngu1a1n autoantibody 1NNT7
Hudausiuia

n133nWI
nakugilukwIanisguasnudUlslsaladniau
93 KDIGO T aa. 2021 lunsdliifftedllusiusiluliaann:
wnndt 1 nduAu swividiadesunssluilaan: vie
finsanasreenisvinauvedlauuiinieduuinnii 6 weu
wugthlisnwisieenagiauiu Inglilden mycophenolate
mofetil 1Judusn wazfiarsanlven eculizumab w1n
limeuausssian1sinw’ annnsdnunlugiiednnu 60 Au
MnUsEmAaUY AfinnsAamunisinyiueds 47 Wou
Tnouvsfftheidu 3 ngu Ao nguil 1 S1uau 22 au 163
n135n¥1928 mycophenolate mofetil saufvaLAgso8a
ngudl 2 d1uau 18 au ldFunisinwisiesinag iy
iyl mycophenolate mofetil fie lasunesalaafiesons
Wigseg1aied vaslasuneshlaafsseansauiu cyclophos-
phamide uaznguil 3 1y 20 au Lildsuenagiila 4
wansAnynuigieildsusnaniflenmaialsalnFess
szazgaineveenitnguiilyldfuenagiedefidoddny
n19adf (Segay 7 Weudusesay 35 P=0.012) il
funenelafnlselnFesisrozanieinslunguilldsuen
mycophenolate mofetil Iu%mxﬁﬂﬁjmmﬁ%mﬂmﬂﬁﬁluﬂ

Y
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flonainlsalniFosessargavinefosay 16 usedasls
fAnunsiasizinisadalunuindanuwnnaieiusgied
Tfuddny (P=0.083) msladuenagilasiowiznguilesu
81 mycophenolate mofetil flonaiAalspasuuinnai
warilontavesnninnaifinduesdsuafiofitiueteden
2 whiesnd1” uenanildaiimsinululsunaanioisn
waggsAfiatuayunanisinwi tnewdunisinuilugiae
$1uau 73 Au Aasnunsinviadsuny 32 Wou wuiigiae
lisu mycophenolate mofetil #lanialinlsnaauis
Sovaz 67 Bsgsninauilasusnaniidus Anulenainlsa
aeuiiesSeuay 29-39"

dm3uen eculizumab Fsilnalnniseenguiduds
nMsvnuTesRaNnalud C5 vilin1sanasreen1sinau
yasszuunoNnAmuATidunalnndnuesnisifalsn 91nnns
ougUaslulsemalSuaauazUssinauauInsuam
26 518 Wuglng 13 519 uar wnuazdesu 13 579 lag
Tunquilvg 13 919 ffvaeduiu 10 sefvszauay
dumarnnnsinundieenagiiduiudug nanfedie
7 510 weldFunmssnumeaifissessniuanagiiduiudu
WU cyclophosphamide, mycophenolate mofetil %30
rituximab waz {0380 3 118 wnelasunisShwimeaifiesesd
otaien uenaniian 3 Twlildsunisdnwidasena
pifufuduInieu sansAnwmuiilenaialseasusosas
38 waziiloRamugUagluaudsiuiinga eculizumab %o
Jugavinefinidaniuein1s wuitgtAnisalvesnisiia
TsalnEesedorar 61 uarlsalaFodaudadldsunisin
naunulndesas 23 Instadeiiduiusiunismevaussvase
eculizumab 16 fie dusin1snsesedinalegsa (estimated
glomerular filtration rate) fish nsAndulsasy wazna
N1IMTI9NNETFINENY cellular crescent™ wenani
faflondu 9 NegluseninamsAnwfisdy Wy avacopan,
OMS721, AMY101, APL2, LNP023, ACHO144471 ‘?i!ﬂ
Jndusinssenanissnunlsanely dwsunisiadiadgneele
nNsAnlugUisdui 21 sreludseinmAansgowsn,
wuh f8mmmsndudutedsaldidenas 66.7 vdshda
Ugnanglaluuda 28 oy waz waen1shanugUlieuiu
Wiy 77 iWounud flhedesas 50 Allsanduidusigyide
mMsvinuveta®

fureeilldsunisinudae prednisolone 15 1n./fu
W azathioprine 100 1n./3u Wofamuvdsnissnuluudn
6 oy nuIwsuASefiuananagil 1.36 un/ma. uaz

nansavdaanzegluinasiund Jaguuiliunovausse
M3sned Headuayuitnalnnsiialsauiaziduraunan
autoantibody f4u91HWAYBIN1TINEIAE azathioprine
Felufisreeudaau uilugdvisssipoznevaussse
azathioprine %ﬂaaﬂq%ﬁué’ﬂwmzlﬁmﬁu mycophenolate
mofetil 19# waven azathioprine $51A19nN31 Fatfunns
$nwee azathioprine $3uAU prednisolone e1atludnvia
Fonuildunsdnwgihefiengunndadused

wensallsn

s1aunsnensailsavesyvigangladniay C3
glomerulonephritis finuuanarsiulilunaagnisdnu
uAnuIgUaeTleunsinusesenagliduiuasineinsal
TsafiAndn nsAnunludsemaauiidnnugiasduau
60 518 wuady 47 ey wurlhedilesuenanidudy
flomaifnlsalaneszorgavnedosay 20 Tuvaeigtaeil
lasuenagiduiuiiloniaiinlsalaineszuzgaiogeds
Yovay 65° Uadviinuinannsndmanienisislsalnzoss
seozgaving laun 35uasiefiduiiginouiidedelsa
o1gunn TsAusludaanzannnd 1 nu/u uazn1sna
VaneSIvendinu elobal sclerosis crescentic formation Wu
naeAdeALAsd hyalinosis N15M529 immunofluorescence
fifndianty C3 uaznisfiutuves Interstitial infiltration
wag tubular atrophy vn9 Jeway 10>’

Gy

angladniau C3 glomerulonephritis 1ulsafinule
laiey faummnananmevhanuiiaunfves alternative
complement pathway $1udesitnisidadenenlsa
91NN membranoproliferative glomerulonephritis 3
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