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1281 Fidella Grand Ballroom (Room A) Fineen Ballroom (Room B)
13:00 - 13:40 u. Essentials in Dialysis-1: Hemodialysis | Infectious Control in PD
Dialysis Prescription and Adequacy « wey JugBon Asanu
« ar.arny A ganganed
13:40 - 14:20 u. E ials in Dialysis-2: Intradialytic | Blood Pressure and Cardiovascular
Hypotension: Mechanisms and Management in PD Patients
Evidence Based Management o HALW AR AAT
« Awey.atuen mszneaile
14:20 - 14:50 u. Break
14:50 - 15:30 u. Essentials in Dialysis-3: Long-term Peritoneal Dialysis Unit Accreditation
Complications in HD o HAUN.ANTNE ENAT
« s Teydugan
15:30 - 16:10 u. Essentials in Dialysis-4: Infectious Adequacy and Prescription for
Control in Hemodialysis Unit CAPD & APD
« AWy AT eynstnade U ATINEITIY
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1281 Fidella Grand Ballroom (Room A) Fineen Ballroom (Room B)
08:20 - 09:00 u. Uremic Toxin Clearance and Clinical | How to Monitor and Maintain
Outcomes Vascular Access
© UN.DIAN YT + WN.M5T ARINEA
09:10 - 12.30 u. Workshop

Workshop usatiadiefinsd 3 seu seuay 1 4als e 09.10 - 10.10 1./ 10.20 - 11.20 1.
uay 11.30 - 12.30 u. faulagmnanidenidingan workshop 16 3 viadia Taellaidteeidern
mwnﬂumﬁu‘[ﬂuQﬁﬂﬁ"wﬂi‘:‘quﬂ’mﬁmﬂm workshop anamzifienuiesrieunan
workshop axfuluusiazsey
AuN:GuU workshop TaGuIASUANSA 9 NUANBUS 19A1 13.00 - 15.00 U. llA:
Suiansi 10 NUNWUS 1981 10.00 - 14.00 u. (Sushuduiia 40 M
doesoululda:fiode)
1. Bedside Hemodialysis Catheter (Permcath) Placement

(Mini lectures & Hand-on workshop).

. un.uw.ﬁmﬁsﬂé«ﬁqiwgmf UATAMY
2. Vascular Access Monitoring and Surveillance

« uN.ET ARNZA LazAY
3. Dietary Recall and Nutritional Assessment

« agafian Ulading uazaniy

08:00 - 0850 u. | WSTamsUs:gua:MsUgnnIResdon FIRosAA uw.ai1 Tadsns 4. Comprehensive Conservative Management in Advanced CKD
DEmsiaus:au « aA.woy.AFe Inlannina uazAniy
. AATUNATIENANA AL AsTINg 5. Hand-on Training for KPI Monitoring
Ugnnifivs@on AIfgsGAr uw.ad Gaoswns - wnaana WA UAZALY
“aastrdanannulaiuds:inaing” 6. Quality of Life in Dialysis Patients
« waawegEan qise * HA.AT.BTTIIT0L TEATIYTRILN UaTANY
08.50 - 10.20 u. Palliative Care in Thai Nephrology Healthcare
Principle and Advance Care Plan of Palliative Care
o AU gIANG TusaRs
Effective Comprehensive Conservative Care for CKD 38avn:0gu U 2 a'a\]n’m
+ 2wl @eeiifing
val o o '
Learning from the Real-life Practice ® amzisulpensdandrinay "sananlsalawlszmnalng:
* AMRNTI0L THONS ® amzdsulaensanuuuvasuameiiisu wsauniuuy cheque wia draft
Moderator: 1. UN.q3ANG (TUATEAT , - o .
ATAINSLUEY mma’luu‘m “ﬂ&l']ﬂﬂt‘iﬂ‘lﬁklﬂﬂﬂ’ixlﬂﬁ‘lﬂﬂ"
10.20 - 10.50 u. Break "
1050-11.30u. | TRT Report uazdenauannanaulsalauvalszmalng
« W.0RATO] AUWINGA - - o=t - - - — <
I HUQIIA2UUNSN 5 NUNIWUS 2561 HS9AaVN:IUgYUION
« w.eud degasans
11.30 - 12.10 u. s1wnuds:9lnruounssunisnisasovsusevnasgumssnuilay - y -
msuenideadouindeviaifiou (asa.) AR AN AL
« wameAIan AT
- - - - ® @uninauanlsalny / anndnaunaunaiunalsaln $1A1 4,000 Ln
12:10 - 13:10 u. Educational Symposium Educational Symposium
UGN 1IRUIFu-gian S0 UGN sz Tnonaud s1ia ® 'lWldsan@nananlsalas / ladldaunEngaununerualsaln 59a1 4,500 um
13:20 - 14:00 u. Nutritional Management in HD Prescription in Pediatrics ® mwmﬁﬂuuﬁﬁuﬁ 31 uNsIAN 2561 57A1 4,500 LN
Dialysis Patients « unInsgadl fanduniqa
. T PTr I o a a <
0. qUA Anfug AMUUEN FNDI / AGATNT ONBL5AY
14:00 - 14:40 u. Effective Maintenance on Water Research Highlights in PD .
; oy aunanlsnlauvisszinalng
Purification System o AUNADRIANA NTyauymel & o o .
dy ; aAsiednwszusi 50 1 4u 4 Teududice owwnwgsyIaalua 47
« A.UN.I9 FItuauINa 3 v ‘
14:40 - 15:10 U, Break ‘IJ'Nflu ’Vl’]ﬂ'll’J'N NIILNNA 10310
1510 - 16:40 u. | 2561 Arudiovdoddsifuanu asa.? Update in Thai PD Guideline Tnsdiwii 0-2716-6091, 0-2718-1898 Tnaans 0-2718-1900
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) fAanssulndinusedrinanas (low physical activity)
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aeinsaslniienaziidnsinsuenlsoneuianaznsidedin
Tulsaneuiagenin wenainsuwnguguiegeaigiiiian
NM33NEIUUY MCM danlngjasifedinfidunioaudaua
dUaeszezgaving (hospice)” virlwgUssanafinunindin
fnimswenidensemdoslaiien Taemssnwiuuy MCM
azdata1fegidergngananzisingus vouwng wenula
Wnlnzwims Wndans wasnaneudn 9 Mieddos

wih lutszinalnemassiwnsdavimunsingmsu
naguaginelsalniFesuuulasAulssans wifidauusinzag
nsginswenifensieiniaclafien Inedeannangiuwuas
Fayaluilagiin sanforuusinnnuwmelfiisne 1 vilan
Ttaagui Tifasanginiswenifensmendasladiesludae
oo fie1gannnin 75 U uaziideniawuagnasias 2 1u 4 4o
sialus Taur

1) wwndgEnundinin guaedlomageiesfidined s
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Hemodialysis in elderly patients
Sakchai Opasmanakid, Kajohnsak Noppakun
Renal Division, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University
Abstract

Mixed cryoglobulinemic glomerulonephritis is type | membranoproliferative glomerulonephritis (MPGN), usually
Currently, the proportion of elderly chronic kidney disease (CKD) patients in Thailand including hemodialysis patients is
increasing every year. This group of patients is different from others in many aspects, namely, higher comorbidities and
shorter life expectancy. Consequently, it is very difficult for physicians to make decision whether renal replacement therapy
should be initiated or supportive care should be practiced. There is an effort to find methods to predict mortality after
initiation of hemodialysis using risk factors that associated with patient mortality. One of the most important complications
in hemodialysis patients is geriatric syndrome which is commonly found after initiation of hemodialysis, for example, frailty,
failing, and cognitive impairment. There is growing evidence showing that geriatric syndrome is associated with higher
mortality. Major concerns of vascular access in elderly patients is that arteriovenous fistula cannot be created in some
patients due to atherosclerosis. However, withdrawal of hemodialysis may be a good option for some elderly patients
especially in patients with short life expectancy or patients who frequently develop complications during hemodialysis.
Although survival benefits from hemodialysis withdrawal in accompanied with maximum conservative management may
be not noticeable, quality of life is much improved comparing with patients who chose hemodialysis.

Keywords: elderly, hemodialysis, chronic kidney disease
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PTH : secondary hyperparathyroidism , Vit D :calcitriol , PO4 : phosphorus ,FGF-23 : fibroblast growth factor 23

mewasUgnanela szavgaslawns insessazanadln
3 \iewusn wisigtheuamissugasinwmn Inseesdon
ganduni ( > 100 lansa/ma. ) Tnewulsuszann 1 1u 3 wao
nnugnangln 6 iiew uazdofamalui 5 I wuhsssugaslam
wis Inseesdinigesasa: 20 sziugesluunInsessig
adunelsanmsiingeslawnisnseesgsluienaianiens
wazafisginiarawdgnaiela® wanainfindensugndrels
InvzidnnsnsasUszana 60 wa./mn1iA1.73 as.u. v ldsssu
gasluumianlnsesationsog lunarige

wianUgnaela nsvieuzasleddu Taaiunsn
Furasifeuazwasinnrinlinssgninismouauasnagaslan
wilnsesdfidn fnsdaisuandanaanainszgnanis
(bone resorption) NAN1SANEN284 Evenepoel P UazAtuz WUI1
ngngthenfinnzunaengslwdon 325U alkaline phosphatase
TwAanvzganingagiiefifisziuuaaideadni dearatisuan
flafl bone turnover IRNNINTS"® usfHAUNIMIANWNTidayA
Faugs Ineidovinguaeugnanelanfinnizuaadengeludon
NuaEdwLitanszgnwudnunizaasnszgnataidu high bone



Journal of the Nephrology Society of Thailand 13

turnover %58 low bone turnover file™ LWiﬂxazﬁ?%miﬂmﬂ
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PO4 : phosphorus , FGF-23 : fibroblast growth factor -23 , Ca ;calcium
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Hypercalcemia after renal transplantation

Prateep Charoentanyarak, Sirirat Anutrakulchai
Division of Nephrology, Faculty of Medicine, Khon Kaen University

Abstract

Hypercalcemia has been reported up to two thrids of renal transplantation recipients within the early period and
resolved within 6-12 months after transplantation. However, around 5-15% of recipients still have hypercalcemia after
1 year. Persistence of posttransplanted hyperparathyroidism is considered as the causal factor. Duration of dialysis
and severity of hyperparathyroidism at time of transplantation have been identified as risk factors for persistent
hyperparathyroidism after transplantation. Increased bone resorption and tubular reabsorption of calcium due to an
action of parathyroid hormone appear to be the main mechanisms involved in hypercalcemia. Hypercalcemia may
have deleterious effects on renal graft resulting in tubulointersitial calcification and occurence of chronic allograft
nephropathy. Additionally, hypercalcemia with posttransplanted hyperparathyoidism associates with continuing bone loss
and vascular calcification. Asymptomatic patients with mild hypercalcemia should be observed and periodically followed
up for serum calcium, phosphorus and parathyroid hormone for 1 year after transplantation because some patients may
have spontaneous remission. In the other hand, patients with symptoms or tertiary hyperparathyroidism should receive
parathyroidectomy. Nowadays, management of recipients who still have persistent hypercalcemia after 1 year is unclear.
Choice of treatment is either parathyroidectomy or cinacalcet usage which depends on concept and experience of each
institute and individual patient status.

Keywords: hypercalcemia, hyperparathyroidism, renal transplantation
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Intradialytic
N IDWG BP .
Hypotension

Individualized reduction in 13  Stepwise weekly reduction of Decrease No significant ~ No significant difference

dialysate sodium in HD dialyse Na 140 mEg/L by 2-3 P=0.003 difference

Arramreddy R, et al. 2012° mEq until reaching a Na positive

gradient (DiaNa-PNa of 2 mEg/L)

Revisiting the dialyse sodium 2187 Dialysis with dialyse Na 136  Decrease  No significant Low dialyse Na

prescription as a tool for better or 137 mEg/L compared to difference associated less

blood pressure dialysis with dialyse Na more P<0.001 intradialytic

Santos SF, et al. 2008’ than 140 mEq/L hypotension and
lower predialysis pulse
pressure

Effect of dialyse sodium 55  Determine sodium gradient and Frequent IDH

concentration on sodium interdialytic hypotension P =0.007

gradient and hemodialysis Possible positive

Jin H, et al. 2004 gradient more than 3
mEq/L increase
hospitalized
and mortality

Effect of lowering dialyse Na 15  Noctunal dialysis with dialysate Decrease  Decrease Reduction in

concentration IDWG and BP Na 140 mEqg/L then 136 mEqg/L prehemodialysis

Munoz Mendoza J, et al. 2011° or 134 mEg/L P=0.02 P=0.03 BP and intradialytic
hypotension

Association of Facility level 52  Facility-wide lowering of dialysate No change  Decrease

decrease in dialysate Na ¢ BP Na from 141 to 138 meg/L P=0.05

and IDWG

Thein H, et al. 2007°

Optimization of dialysate Na in 11 Dialysate Na 138 mEqg/L Decrease  Decrease Less intradialytic

Na profiing hemodialysis. Kim compared with Na profile hypotension

MJ, et al. 2003" (dialyse Na 150 to 138 mEg/L P=0.02 P=0.04

and 155 to 130 mEqg/L)

Dialysate sodium concentration Recommend decrease dialysate Increase in

and the association with inter- Na prescription analyzed high DNa

dialytic weight gain, hospitaliza- morbidity and mortality at various P=0.04

tion and mortality level of dialysate Na

Hecking M, 2012"

Dialysate Na and Na gradientin 1084 Analysis Na prescription Increase No significant  No significant difference

maintenance HD <140,140,>140 mEg/L IDWG in difference

Munoz Mendoza J, et al. 2011° DNa>140

P=0.05
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Author Study design Mean serum Na n Outcome

Waikar et al Prospective study in  133.6 454 All cause mortality in each 4 mmol/L

Pts HD increment serum Na was 0.87 times
that among controls

Hecking et al Prospective study in  135.0 + 1.6 3097  All cause mortality in hyponatremia was 1.76
pts HD times among control

Nigwekar et al Prospective study in  N/A 775 1 year mortality in hyponatremia puts was
Pts HD 1.59 times among control

McCausland et al  Retrospective study 136.1 + 3.2 1634 28% and 14% reduction in all cause mortality

in Pts HD

in each 4 mmol/L increment serum Na in
higher ( >140) versus lower (<140 mmol/L)
dialyse Na
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osmolyte R (re-accumulation) IAglannz myoinositol”

TAfnsAnwsnazasnisdsuudassziulaifien
Alufinluihedlssunssnulnenisaniden Tag Dhrolia
MF JunsAnwnaiia case study series study and samples”
Tuiifhelome 52 nefsinmzlndeslwions < 125 mEq/
ams newlasunsweniden wazvrdsnsneanifensissauldisen
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Clinical impact of sodium gradient between

dialysate and plasma in end stage renal
disease patients treated by hemodialysis

Nicha Thamrongsat, Pongsathorn Gojaseni
Division of Nephrology, Department of Medicine, Bhumibol Adulyadej Hospital

Abstract

Sodium is an essential electrolyte in human body. The relationship between plasma sodium concentration and
plasma osmolarity is thought to reflect the important of sodium balance in osmoregulation. Intradialytic sodium gradient,
that is, the difference between dialysate and plasma sodium concentration is a factor to determine fluid shifts during he-
modialysis (HD). Sodium gradient is associated with significant and clinically meaningful differences in interdialytic weight
gain (IDWG) in patients on HD. Higher dialysate sodium prescription have been adopted to decrease hemodynamic
instability in patients undergoing HD. Clinical studies have been shown that higher positive sodium gradient attributable to
increase excessive fluid intake and contribute to hypertension, left ventricular hypertrophy and cardiovascular events. On
the contrary, negative sodium gradient is associated with decreased blood pressure, body weight and higher incidence
of intradialytic hypotension. Hyponatremia is a common condition encountered in clinical practice. Low plasma sodium
level is associated with increase mortality in various populations including chronic kidney disease patients. In chronic
hyponatremia patients, brain is vulnerable to injury if plasma sodium is too rapidly corrected. The neurologic manifestations
associated with overly rapid correction have been called the osmotic demyelination syndrome (ODS). However,
there have been observed that when hyponatremia is rapidly corrected in azotemic patients by HD, patients do not
necessarily develop ODS. The possible explanation is the fall in the blood urea level during HD, that is associated with
dialysis dysequilibrium syndrome, can prevents brain dehydration and ODS.

Keywords: sodium gradient, interdialytic weight gain, hypertension, hyponatremia
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asEnwnsuBesnzesden ww U3 nszguszuUNISUERn
200L80ALAZASONLEY Lazanarn IWIAANad 1A 1%
Lﬂgmﬁamﬁ’l (heparin-induced thrombocytopenia) uaﬂﬁnﬂi{
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Uszanmnisaiinwiunile elddnesesgunenl sanses sinen
wazAgLaneTUIazaIN1sUTANaLNAReLTEasTIH 10,000
fis 20,000 U FnsttanaunwlaSuAnlunieriluse
fianafinisi wizaslaldiesanarilvgidenildgelne
Taldnin

msAnuIUSaUIRgUWaYoIS:gzaluMSIEUGI00
nainula

nSANELEIEINA (Observational studies) MeuUawna
fermMaszinszTadiasnidadenauann wanainit nsfnw
danlnglaildinguennglanedeunduniluldsunisinn
naunwlaaniiases dooralnluldin fuagursdmiiinig
Auszaslaldias Tuldgninaninnedlumsnu wielu
anuzfieniv vnsamongagthedlaitue Ifesuazdthenlssu
nsthiamaumlausians aravililaeedednsmadedin
Taumnsinsazngaisaidanaunulags andnldin suuuy
ADILARZNNSANBIRAHULANG (heterogeneity) ABHITININ
vialuwddnfienuzaslaneidauwdn fenamasszeznalunady
Urdamaunula nsAmangUaeinmsine waz3msthde
naunwlen dwluilunsAnuwilulsemeuiauresien fanmwan
Uszgnslaifieons wasdunisdnuidaunds vildnanin
aasmsAnuigiuszsius

ANSANYILUUENFIEIWUURNGNAIUAN (randomized
controlled trial) G9WAT W.A. 2518 Conger WAZANE WUTIMTEH
tianaunulaBiandasmadedialufiienldsugiRmeg’
gnmadnwilee Pursnani Tl w.A. 2540 TugUaeengsnssu
uazginssasan 35 TeldwuanaumnsnseadnsInsiedie
Tungufidarlanlaga deluiiimunlnegdelmioniosnii
120 §n./ma. wazAswaiiiwludanioandt 7 an./ma.” Menas
nvileifan o nsfnw douansluemeed 1 Tned 6 nsdnw

PlainurnuuanssrasnsInsdedin i 3 nsAnwIRiny
JmssnTanauwnulaSdieandasdedin s Durmaz uas
pusFeuiisugithenmendomainsevlafifnelameiEass
agiiin (ArASuafituluidonninndl 2.5 wn./ma.) wazwudn
finnsdntanaunulasiansnsdedinldogrefivedAy
(30882 4 waziaeaz 30, P = 0.048) agnslshmusiwangiae
lumsAnwdviaeifies 44 518" dawnsfnuilae Sugahara
wazaniz Tugdae 28 seldinaeiusanadasizfioananas
fuansroiwindovdlunisdatidanaunnla weilosn
wWisuifisunuinisaaengaiszeziaanliuansteiwnam
Suvdanaunule A 1.8 + 0.8 Wieuiu 1.7 + 0.8 T uazen
Asuafiiuluifon 2.9 + 0.2 uaz 3.0 + 0.2 un./ma. Tunga early
RRT uae standard RRT ssansiu iaslun1sinwiigionanssins
40 318 ARBBNIINNSANYY 8 918 issan 4 seddaaas
saniindues uazin 4 Memevdssassatianaunslage
Fousdau® anfiuledn nmsAnuanewln.a. 2558 WunsEnen
awiain waslddn giensonsuafitnlmdonindoued
damnsAnu luszezndeldszerralnnedeundwdwinost
Savanaunula

pausd WA, 2559 finsdnwigusiesneionan 3
msAnwnfilsERaw lsun Standard vs. Accelerated Initiation
of Renal Replacement Therapy in Acute Kidney Injury
(STARRT-AKI) pilot study'®, AKIKI study” W&z ELAIN study® La
madnsAnwgamadneraedaiuawa ivaidn 2 nsAnw
{suA Initiation of Dialysis EArly Versus delLayed in Intensive
Care Unit (IDEAL-ICU) (clinicaltrials.gov NCT1682590)% &
STARRT-AKI (clinicaltrials.gov NCT02568722)*' #in1m11
szuaaasanelnd w.e. 2563 Asagusieaziienzasusaz
msfnwseluensed 2
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o Y ' a a a o o ao ' o da o o a d as o &
£1379N 1 ﬂqiﬁﬂﬂzﬂLLUU?!NI;]']E]H'NLLazNﬂqNﬂ]UF’lNLﬂiElULV]ElUQI;ﬁWﬂ’]iLaEl’d’Jl;ﬁz'ﬂ']"]\']ﬂqNVlLSNU']U@VlWLLV]%VLﬂL%'J NIDLNDNYDUIY

sduuu \ e 4 oan
- o . . nas ARIILHITIR
{398 wAa  UsenA  lumstidn duau | Early RRT Standard RRT e 4 o .
dseans (+97 vharunu 2n)
naunuln
Bouman® 2545 LILGEITUARA CRRT 71 dwevila Usanizieenin BUN > 112 afn./ma. 38882 31
30 NaY./4AN. nIoNdaUdRuAN  1Buiu 25
NINNTY 6 2. Uaz D (P =0.8)
CrCl < 20 ¥&./%7
Durmaz”® 2546 B3 HD 44 sheiaviala Cr damnnd Cr iiaanNI Soeaz 4
Speaz 10 meln  3awaz 50 eetldaniz Wisuriu 30*
48 FluarasER < 400 N@./24 9N, (P=0.048)
FINAUTDUITAILAN
Sugahara' 2547 fn CRRT 28 wepiale Jaanz <30 waAw. a1z <20 Na./N. peas 14
3 oW, vise X 2 793, Y138 WUy 86
< 750 NA./ % < 500 N&./T% (P <0.01)
Payen® 2553  HSaiAd CRRT 76 MA1EsIUU BRYhMenaciieds dausdnouia Saeaz 54
x 96 Falae Wiy 44
(P =0.49)
Jamale' 2557  BwAe HD 248  WAN92UU BUN > 70 NN./MQ.  HaUsdRILAN Soeaz 21
Cr > 7 n./98. Weguu 12
(P =0.2)
o a Y v 1 ¥ a o
Combes® 2558 H15gOLNGNT CRRT 112 dsmiala Severe shock FOUIARILAN Joeaz 36
(HEROICS) Satanaunwle Weumu 36
melu 24 Flug (P =1.0)
I o
waan 48 alug
Wald (pilot)® 2558  WAWIAN CRRT 101 vaessuy lanedeundis FOUIARILAN Soeas 38
(STARRT-AKI) 2827 2 Weufiu
37 (P=0.74)
Gaudry* 2550 30w HD waz 620 TIA1ESITUU  IAedeunNEL AaUITRILAN Saeaz 49
(AKIKI) CRRT 28 3 Wigufiu 50
(P=0.79)
Zarbock® 2559  LEaINW CRRT 231 WANETIUU  bENELEungw Tanedeunan Soeaz 39
(ELAIN) 2827 2 2827 3 Wieufiu 55%

(P=0.03)

a

288 CRAT continuous renal replacement therapy, HD hemodialysis, BUN blood urea nitrogen, Cr creatinine, CrCl creatinine clearance
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a15199 2 WisueuANuANEsIaINIsANwIRngNmade luudaaingaUszeIng AHgHLsIzaslsa tnaeinsEaUR
nauTwle LazHATNS

STARRT-AKI ELAIN® AKIKI* IDEAL-ICU?** STARRT-AKI Srisawat N
(pilot)™® (main)® (unpublished)
Uszind LAYIAT LB d59uetat lSuetat WA Tne
47%I% ICU 12 1 31 24 >60 1
Fmge 100 231 620 864 2866* 60
sduuudszanns  agithedaensss/  sandUledaensan/ swdiledaanssy/ sangdae e e
8183N33N 8183N33N 8183N35N FRENTIN/ FRENIIN/ FRENTIN/
(Faenssnseeas 6) (Sa8as 94.8 (Sewaz 79.7 21830358 2183037 2183035
FaenIsy,{Uae 2183N55H) (septic shock)
lsavlasesaz 47)
Sepsis (58882) 54 21 67 TBA TBA 73
CKD (Soeaz)  N/A 41 10 TBA TBA 0
Absolute risk N/A 18 15 10 6 N/A
reduction
SOFA score 13 16 10.9 TBA TBA 9.3
Mechanical 93 88 87 TBA TBA 100
ventilation
CRERE
Vasopressors 85 88 85 TBA TBA 97.5
(Saaz)

Intervention
Early RRT

Control
Standard RRT

Cr mawisH RRT
Early tigufiu
standard
(Mean(SD))

naw standard
RRT (S08a2)

sUuuuMsTh
RRT (528a2)

Primary
outcome
Early Ligufiu
Delayed

Fragility index

KDIGO 52827l 2
(melw 12 lug)
Median 7.4

(IQR 6.1-9.6) AH.
FxFaUsRoLAN
(1w 12 w9
Median 31.6

(IQR 22.8-59.5) U#.

3.2 (0.7) Wgunu
2.8 (0.7)

75
CRRT 69, HD 31

R3S He TR
1 90

Sneaz 38
Weuniu 37

N/A

KDIGO 528l 2
(melw 8 #lug)
Median 6

(IQR 4-7) 24

KDIGO 28l 3
(el 12 il
Median 25.5
(18.8-40.3) 4.

1.9 (0.6)
Weuiu 2.4
(1.0)

I
CVVHDF100

R3S Ee TR
1 90

Speaz 39.3
WBUfu 54.7

3

KDIGO 28l 3
(melw 6 #lug)
Median 2

(IQR 1-3) ¥,

o

AINIDUIARILAN
Median 57
(25-83) 2.

3.3(1.4)
Weuiu 5.3
(2.3)

51

CRRT30 ,
HD 55

R3S EeTIR
1 60

Sneas 48.5
WBUfiu 49.7

18

KDIGO 52871 3
(maln
12 #lua)

48-60 #la
ARIQINLN
ASANENTSE
fofigausd

TBA

TBA

ANRAENI
ADIUNNEG
8,91
msiiedin
1 90 T
TBA

TBA

KDIGO 5282
2 (melu
12 #lna)

AINTBUA
BISLEIN
(fins 12 Flwa)

TBA

TBA
PRIATIZY
ADIUNNEG

9591
msiein
990 1% TBA

TBA

Plasma NGAL >
400 ng/mL Waz
4 CRRT
melu 6 #lug

Plasma NGAL >
400 ng/mL e
3% CRRT
AnFaUsaoLEN
2.6 (0.8)
Wiguiu 2.2
(0.8)

40

CRRT 100

R sLEedIn
71 28 Tu

J0882 50
WBUAU 45

N/A

M3ga /CU intensive care unit, CKD chronic kidney disease, SOFA sequential organ failure assessment, RRT renal replacement therapy, N/A not

available, KDIGO Kidney Disease Improving Global Outcomes, IQR interquartile range, CVVHDF continuous venovenous hemodiafiltration, CRRT

continuous renal replacement therapy, HD hemodialysis, TBA to be announced, * 2w A IaeINAWINLH
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STARRT-AKI [ {unsinuwigusiagouuuiingaaiuns
nargan1iwlunaneUszimalagladinissneeunanisdne
asdulae wald uazanzannisuamsfnwludiaedmam
101 918 fuaeildsunsitededuwlanedounduazesi 2
FINAUNTZHU neutrophil gelatinase-associated lipocalin (NGAL)
Twdansnnin 400 wlun3usiana. szeznamaInigiae
dsamnsinun ldanEntiamaunwlungs early RRT g
7.4 %l waid 3 e (Saeae 6) NENUTANAWNLLAMES 12 3TN

FadoinmAalungs standard RRT fftaesesas 75 NRdaUd

fassntianaunulalaeldnanade 31.6 Flus (WAns1ei
24 #lng) fifuaesesas 25 Afinsiusizaslaliios waz
§i 6 MefFedinneuwsainUanauwnula

AKIKI study Lwn1srnungusiagneranesatinlugiae
INOAIININ 620 swﬁsawmmmunmasﬂiiuLLazﬁaanssu
A lanedeundu ngs early RRT Ao Bxtmianaunwlaniely
6 thlumasitedelaneideunduszesi 3 uazngu standard
RRT fisnthianaunulailofifausinosn nanisrnunlainy
ANHLANENIBeeRTINSTeTInT 60 T (Souas 48.5 Wisuriu
Saeaz 49.7,P = 0.79) Wui1lungw standard RRT Hifies
Sapas 51 Nnslasunmstdanaunwlafieuiv saes: 98
Tunga early 1@AgAMNLANAT9BITTEZIA IwA5ISHTNTR
naunwlaassosnguagi 57 #alus wuinngal standard RRT #
FuiUaanannnisyin RRT §1nna (19 Wiguiu 17 5, P< 0.001)
wazfinanisaliadalunszuaidonananenaniansindn
(5peas 5 \Wegunusaeas 10, P = 0.03) wasNansimstinWeagmns
lwdanssiasndn (Soeas 15 Wguiusasas 22, P = 0.03)
swisdnsnistaanizeanieegeanitlungs early RRT Tawu
AawansezaRadnsaw 1 laud Suuiuildinsesdemela
mmmmaaiwammmﬂqm Fwaniuieglsoneuna waz
shmavanidenil 60 T 1faNTIATIERANENEY (post-hoc
analysis) wuidnsinaiedinsgalunguilaieelasy
nmstdanaunula (Soeaz 37.1) mnsengN early RRT
(30882 48.5) uaz standard RRT (3088 61.8) MINEIAU
pealsfimailamuanmennuguisaimaduthadusus
Tiwurnauansnszasdnsnsidedin

ELAIN study 1Junisnwigasaagnelusaiduiien
fszneeesiwludUaeingadman 231 e uazldvanszsiu
NGAL fisnnniwmsawiniu 150 wilunsi/aa. Slwnasinisan
fithedhsamnsinusie §Uiengs early RRT azlasunistiin
naunslasiaiiofinnzlamedsunduasesi 2 uazngu standard
RRT azi5aiilalaneszesi 3 fihesaeas 94.8 agusundaenss
waziUugihelsaialadonas 47 duelu ELAIN study Rdmsam
aaenmizlameidasiaresd 3 agfisoeay 40 Waifleuiuiasas
10 1w AKIKI study uan1sfnwmuing 90 Sugihelungs early
RRT #ems1nsifedinanasiloifisuiungs standard RRT
adNHReEIAY (F08az 39.3 Winuiuiaeay 53.6, P = 0.03)
%anannﬁ?ﬁawudﬂﬁﬁmﬂn”ﬁﬁuﬁmaﬂmgan'jﬂ (50882 53.6 LU
fuseeas 38.7, P = 0.02 uiliwurisddymesfiilaAmngiae
MFeT3m 90 Tuan) aaUSNI T RRT (9 Wisuiu 25 T,

P=0.04) ‘szﬂznmﬁagﬂﬂiowa'm'la (51 Wiguniu 82 J4, P<0.001)
uazanUSanauasansaniaulwien Ae Interleukin-6 (IL-6) Lag
Interleukin-8 (IL-8) Memasnstntanaunula 24 Falu Tawu
AITHUANA1952AT19ATUBWAIINIHUSIZas SR S1uandn
nogluvegiheingm niadnnisvlanidanmends 90 T

nMsfnwTreadunsAnu i AuasdIeEuwING
Tumasaamauwnwlaldogieann sunuuzasmsfnuatiod
wuindunisgusiednsioonuuuled aenslsfimumsdwin
s Ineldsasaznsananaidesdnysal (absolute
risk reduction) a8z 15-18 1w wuiudwluldenlunsgua
faginge hasanddadedu 9 Ademadnsaanisinunlu
gUasinganin Feindrwandszansildeonalaifisone
(underpowered) TmsmauAING WeaRansanfeanune
Uszens wud1guaean ELAIN study daulnaiingdoe
waoenea wagfihaelw AKIK study smlngjifiudtheaigsnass uas
nga standard RRT 1w ELAIN study \Jugihelaneidaunai
szeefl 3 dafisuinduguaelungs early RRT 289 AKIKI
study ludawnarinisAmdangUaedinisdnel AKIKI study
Angugaefininuaslinauswassiosnoan Tuanedl ELAIN
study leanlvudiunitsasnaminisfng Senuhdfisade
sasUSanmuinfiazanlusnonied 6 Gms gUaalungu early RRT
288 ELAIN study mLﬂuvlmwsmmmmm*nm’msuﬂummmmu
LLﬂ”ﬁ’J%ﬁ%ﬂNﬂ’]’J“‘%’]Lﬂ% wesaitiamaunilaadslsuss et
annsmuanangavn duuiadadesdamadeiinagnomit
TugUaedngm

#afiaas ELAIN study filwifiandn AKIKI study Ae 35
nstntanaunladululuuwimiesieain As continuous
venovenous hemodiafiltration (CVVHDF) ‘*fT’x‘mumﬁh\‘iﬁ]’m
AKIKI study ﬁﬁﬁﬂ?ﬂ%ﬂﬁlm 55 183U intermittent hemodialysis
wiasanngiesaess 85 T AKIKI study sipstiennssguana
swldan I5n1sWanieanluy intermittent hemodialysis 819
donasornmsfizasdyandnlugiaele e lsimusimena
faUsEns7IsaeRaNsINaIN ELAIN study 81UusnAe dnwas
Nugnuasngugtaelu ELAIN study Tungs standard RRT
fidndmgihefidnnisnsaseesleisenit 60 wa.dedlansn
fawi UseiRAewdugeniings early RRT uasfiusanm
plasma NGAL geninnga early RRT waiaz liwusipdAgyneadia
F9o19e8uenaanSTudniNlungn standard RRT 16 dnsiusia
th fragility index WU 3 ¥ANgAINIT YNNGX early RRT
AT ImRisdwfies 3 918 vSangw standard RRT Aidedin
AAAY 3 318 a““lu‘wumwLu;mm’maﬁmmna&mmmmamnaa
wazdsugaveiduiinaededn et T TRV L A N
Untianaunulaiies 25 Flse sunsnandasiniadedialete
soaz 15 doraduinsenguiniimnduluanuduese

nsvidayaanniisaasmsnuiluld Arsvinsaeras
sealnszTeaenebe Lihosanuaideyanin ELAIN study wuin
nadaianaunwlasus lanedeundussesii 2 @anen
andnsndedinldmnniGudelanedeunduszesi 3 Ao
#aya91n AKIKI study Mwuiusgieinnizlanedaunds
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seeedl 3 fdwandona 49 filaaasaiuilaios fendety
#ia3yaa1n STARRT-AKI (pilot) Aiwuingiae 1 Tw 4 filawuslsias
fovin wwndgsnunanansnianldndnmaiihgaseszainee o
(watchful waiting) alasentvanaunwlaninddous uaz
Tnsshunsedudszrasseenasnafiad hasnanafigiae
vdmigarineud lidndusasldsunsthiamaunule

mﬂﬁagaﬂﬁﬁnmﬁc\im 7 ¥ A8 meta-analysis f
sunmdayanionsAnendedng uazn1sfnvnuuga
fegnefisan 2 nsAnuiagalishe Wang uasAnefisIusIn
FayaINYNNIANYT TSI 8,179 918 Wud early
RRT andnsinafedindosns 25 Weifisuifungs standard
RRT (RR 0.75, 95% Cl 0.69,0.82) \iislanianisfiusanas
Insoeaz 30 (RR 1.30, 95% Cl 1.07,1.56) AAS1WIH WA
Tulsenenunalaeiads 5.84 T uazdwawiniisaliiatoodae
vela 2.33 T2 ogolafions mellssiiumenunadoya
NNNMsAnuTIdanuELANEeT ARNINEBSNSANWILANGNG
i JeNnUanasernszinIeie

msdadutaisutitanainulaiasmsindadsa
MIBIMW IlazdoyavolfUasndasiauls (Biomarker-
guided initiation of RRT and personalized RRT)
msT8E ianeanmw (iomarkers) Anang N0
wnwensailsaluguae lanedeundulasninagSense
asuafiiuludon samdohanlivwenisiusananslane
deuwauls Judvinauladn enevhmdianedanwmanit
andaslunsuenngagiiefionaldussleniannmssadiin
naunwlaEnnni niedeusnngutiefianaiugaannie
Tanevdeunaulsias 39 ELAIN study Teiiviue serum NGAL
fisnnniwSewriniu 150 wilunswsens. uas STARRT-AKI 15
vwAA serum NGAL fisnnninvsawiniiu 400 wilun3usiaxa.
Tundtalwnaminisdngiasinsanmsine Wuiindenain
910 ELAIN study Twngal early RRT Huwalviaen serum NGAL
Gi’]ﬂ’j'mijN standard RRT (490 \figuriu 619 wilunsusana.)
wiaz liwusiedAneaiia Snnsdnunlae we. ww. oigde
ASETER (SOBANT Lﬁann&jxﬂﬂ'sﬂﬁaﬁm serum NGAL Hous

400 wilwnsusana 2wl Sawdufinnglamedsunduands
seninaEniTanaunwlanmeln 6 dlumasidadelnne
eunduuaziSuemadaved wuindnanadediah 28
Talumnsingri usinga early RRT filanangananiion lsanndd
($apaz 90 Wisuiusaeaz 0) RsnwiniwiivasmainiASasdie
wiela uazdwinfisanannwegihedngnganiings standard
RRT Foifnluldi1n151d biomarkers onagaeseynguia
A Fesgauazinandasdinniasaiitanaunwlals 2ol
awAaaafimAnulna 9 Aldananszaneluudildunniu

SnuwiRamite lssumnaaulasnnds AanisRasonie
AwEN1anluwnsUSuEInNenSanmaesgasuazeds
filaiwviriu (capacity) i lsAUssdsmdn a1g n1svhevees Lo
R3S INTUANNGHUSI20915A wAZAINABINSIWAT51Y
NINBINTVBIT9NY (demand) @b A2 sepsis INWIBTEL
fhauwdnma Smngthgangann dedezdumamangszuy
Aasnanesl capacity wasussl demand xn analausslemd
nnsEitanawnulagy lunenduin fieagise
udouselaidilsmuszdnm fn1azlanedaunduainang
fudlaly sansnlvnssnvnuulssAulszaes uazainis
naunwladfisatedls souaneluaaedl 4 uwAndilesu
msariuaywaInmMsAnwdesane e lag Park uasaos
wuinlugihefiforgsous 65 Tauld ilautadungaiiattn
naunlaoUSanalasnzannnit 0.24 wa./mnn.ax. 1w 6
dalue suduEntTamawnwladeysanndamiziosnda
0.24 wa./nn./an. lw 6 Falus andasudedinaniesss 70
waeseeas 58 lradeiivedAy fadunafe dnnadedin
TugthelumsAnudadufiiegiarggennn® uans1991nnng
Anwlne Jamale ugthenfllanedeunduanuwanlsameuia
(community-acquired AKI) fiflangrafeagil 42 T wuiidnm
nadedinluaasnguagd Soeaz 12 fo 21 i’ desi
naEnTTanaunlamnidnsariugweesgieusas e
anusznaulunsendwlaifiefiansnninsanefausanen
Twn1sgALeR aN15aRaI209N15Y19TwIBe TaIZNINE B Y
Wigelasanduiansmfiomnaguussasanngniazlaniig
Beaunauusznaunin (personalized RRT)

A15199 4 waRsuwwIARNIsRaIsanENUIanaunwlalnegAIngwuseaaslsa (demand) wazanIzs9MEBTRIgUIBURAZI Y

(capacity)
Capacity
Personalized renal replacement therapy
Uae N
oy pNRaENiaunng S Uanaunwlaandae
Demand
HN SadanauwlaGa AINRAeNAIULNNE
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fanzlame@eunawmdnosrrinimstnianaunmanse
Tl uazmsviuilala Tngfarsananlsauszdns agues
dtae aunarasnzlanedeundn sanduRRmINeINTS
81INsuaRs wazuwilinzasaan1saslfuiinisnnnnin
msgualionifissnsafien iewdod winiiesuwdeinng
Saiianaunla 527 vie “ih” Asldidunsisanina
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Too early or too late: The optimal timing
of renal replacement therapy initiation in
acute kidney injury

Nuttha Lumlertgul, Nattachai Srisawat
Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University

Abstract

The mortality rate in acute kidney injury remains high despite advances in medicine and hemodynamic
resuscitation. Renal replacement therapy is a modality for organ support, which was traditionally indicated for correcting
electrolyte imbalances or acidosis unresponsive to medications, refractory pulmonary edema, uremic symptoms, etc.
Observational studies have suggested that earlier initiation of renal replacement therapy may increase survival and
result in better outcomes. However, the studies varied in the criteria for initiation of renal replacement therapy, acute
kidney injury staging and etiology, underlying diseases, and mode of renal replacement therapy. Recent prospective
randomized controlled trials have shown conflicting results. This review aims to discuss the rationale for both sides with

current available evidence.

Keywords: acute kidney injury, renal replacement therapy, timing
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wazismsnaniden’ uazluanedidefimsAnuidieufio
UszAndnmlunisdnuiniizlafnaluguaslaalagass
5em7I98n thEPO Waz roxadustat #9A9doesafnnINGA
mafnwse U

GlaxoSmithKline (GSK1278863) L'fl%&l’m’cju HIF
prolyl hydroxylase inhibitor Tull w.A. 2554 lssn1sAnw
FFUUUNARBIFHLALANGNAIUAN WUURIWIK Szes?l 2a
iaguszdnSnm Analsends uasnddasranszase [ne
T¥en GSK1278863 awm 10 fia 100 an. TudthelsalnGass
d1wan 70 Menfinzlafnaedlalasunsiiamaunumale
wazlssunisvenidenseinIeslaiion 37 518 Aamw
\Ouazeziann 28w wudiBlalnadwdaduluynngs lne
Wannigalungadldsuenewin 100 sn. wanandimuin
Tunguilasueuazdolaildsunsweniensieidaslaiiion
fiszeu hepcidin uaz ferritin Twdonanas Aaug lUiuszau TF
waz iron binding capacity luidemfiadn’ sosnfinsAne
stz 2b TunguihelsnlaGasefidalalssumstitanwun
meladanlden GSK1278863 2wm 0.5, 2, 5 §n./T% WD
gmaen wuilwngadlisuenawa 5 sn./Aw siudlalnadu
gofuiaie 1 n3u/ma. lwensfingaildsunisvanidonsae
\n3aslanfienlssuenluwewin 0.5, 2, 5 un./Au w3a EPO il
faealy 4§yl wuihdlfesngudlasuenawin 5 un./Au
whsiuinafinszaudlalnadwieuwniungaflssu mEPO
IglaiwunatnaiAssuuuguussainnslden’

Akebia (AKB6548) Liﬁ]umnﬁjuﬁaanqvﬁmu prolyl
hydroxylase inhibitor wasanivszauAdsalwnsAnen
THeuuunARBIFNLATINGHAIUAN ST 2a LA AlFRNSANWA
svez 2bluiihelsalaGassziudl 3 fo 5 Adslaladsuns
WonideaseinIaslafieadwan 209 1e Anaall 20 danv
Tnagadunguilasuen dugmaon Tudmandam 2:1 ngu
ildsSuduaminenil 450 un./A% wdFuemunseiu
lalnadn wulrszdudlalnadwinduanndmsamigy
11-12 n¥n/ma. lagefiesoeas 54.9 lunguilisuen uae
$aaz 10.3 lungudildeinasn wanaindingaiildsuen
gasnunsaufia reticulocytes count waz total iron-binding
capacity SL%‘EIEHZﬁﬂ’IN’IiﬂﬂﬂiZﬁU?Im hepcidin waz ferritin
Tuidonlaogelned1An waognelsAnuwuaaznaLAes
wuuguusslungn AKB6548 soeas 23.9 ngnemasnioua:
15.3 Inefigihededinlunguildsuen 3 e doiuenaind
Jedssaslasunisnsiagaudszindan uazannlasnde
Aowh T ugaesaly”

Molidustat (BAY85-3934) 1Tl HIF prolyl hydroxylase
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inhibitor BnsamitsimaseglunsAnunludainases wuin
sasnsnwinzlainang annmzdniaulusienme uazsnanse
Snwanuauladngsludninaaacla™® donnfinisdnuide
wuunaaesgaiioAnuifsawinen lulszainsill Tag
FuUsznnen BAY85-3934 awim 5, 12.5, 25, 37.5 uaz
50 wn./i% wuinenaansngadalasy tiinsziuzes EPO
uag reticulocytes count mxwABEIENTIRNAY TAeLaNE
lalvienawia 37.5 uaz 50 an. dmiunsfnuludihelsale
Bassdagluumawmainudesinemusiold
nAnaIN1Ee6 % wiTIn133neInzlafingng
TugthelsalaZasomeangs HIF stabilizer fiussleznilunis
snwnnazlafinanodwieaiuen rhEPO usitiasann HIF 1T
transcription factor MigdasiuNIsAILANMIUARIDDNTOIEY

wanesoutalnassng 1 Aemnsnawaes HIF 39819
demansznusiasemelusiwste 9 16 wWw azladuwensu
ANNARUNRzaNuNUadTNanIaladw n1sudeszas
waonAden uazAnnswdenludosoniiadu Feenavldian
maNAwasaLdaaUsngs (oulmonary hypertension) Tei™"
mﬁLﬁ'aﬁmmmi vascular endothelial growth factor (VEGF)
Befiqnanszdunisainevaanidonlnauaze1afinann. Juiee
gaslsmaaUszanaiion (macular degeneration) I
AR uanmﬂﬁmnﬁm‘mszﬁu HIF melwwad
wzSoonarhldimasuzSelndadu uasiasonssnuiseead
tn s SodngthefiTuszSedodusavinaaasmslienngs HIF
stabilizers wawARSedaIRamNELAAzERRTIANNUaDRAE
UszAndnw waskatnaiesasensiall (neefl 2)

m15199 2 Hypoxia-Inducible Factor Stabilizers wazn13Anw13den1Aain

Compound (sponsor)

Study characteristics

FG-4592/ASP1517/Roxadustat (FibroGen @ Phase 2 studies completed (NDD CKD, HD, PD);
in collaboration with Astellas Pharma and ® Phase 3 studies ongoing (NDD CKD, HD, PD)

AstraZeneca)
GSK1278863 (GlaxoSmithKline) ® Phase 2a studies completed (NDD-CKD, HD)
® Phase 2b studies ongoing, but not recruiting (NDD CKD)
AKB-6548 (Akebia Therapeutics) ® Phase 2 studies completed (NDD CKD) or ongoing but not recruiting (HD)
BAY85-3934/Molidustat (Bayer) ® Phase 2b studies ongoing (NDD CKD, HD)

fAga: CKD, chronic kidney disease; HD, hemodialysis; NDD, non—dialysis-dependent; PD, peritoneal dialysis.
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Activins 10wlawasaas inhibin P-type chains uaz
\Iwdaunitezas transforming growth factorf (TGFp)
superfamily Zsanansanszgulvizadiinnisesayivla lag
TUduiu Type | uaz Type Il serine-threonine kinase 34
Wnlusfinusnmuiiugas lmeund activin, bone morphogenic
protein uaz TGFB family vil#iianisnszgulanszen
dunalpenssiaidndenuasagon wazdasRuaaIN1THSNg
Wadealuvsmuazesadula Inenszuinnisnonaiianee
madedyaaehusia lugslusiunideoni SMAD dadulusin
finszgulishaewiindenunifinnsdswasludwingon
unofisarysailel saviudefiniaden activin A 318w “Erythroid
differentiation factor”

Sotatercept (ACE-011; Acceleron and Celgene
Corp) 1w dimeric fusion protein fiusznaulusediuaas
§73U activin typell A (ACTRIIA) fiu Fc portion 284
afinlulnaydu G1 (IgG1) Sotatercept sangnalagludu
activin waz TGFP superfamily fidasaaslunszusdonudsly
Juiiusmsu ACTRIIA Taednisnwnideuvunaaasguuass
nguAIuAN szezll 1 luwonanaiasgndeievanuszinian

fudousednuin 48 518 Sunsda sotatercept Meviaamdans
\Wigurungudliemasn ilonszdumIssonszgn annsiin
naz@nWIw usinduwudn fAnafinauzasszdudlalnatu
reticulocytes count uazdwinzasiindanume i
Tudagiuiinnsfnwninen sotatercept anldlugiae
lsaladaseilasunaanidensendaslafisauuunaaesds
seeedl 2a e 0.1 wn./mn. SaldRmiimuseusuamaen
Gmdu 0.3,0.5,0.7 an./nn. NN 28 Tu TIwvinan 8 AL
nan1sAnwndassiunuin Arrseiinzecenlaeiaie 21
fo 26 Tu szsudlulnatnunouanosgenigan 28 Tu
wazdN RS Tuzwinefifingu lagazifindu 1 wn./ma.
Tunslden sotatercept 0.7 ain./nn. waBxsnaRngnInatn
TFsousawinen 0.3, 0.5, 0.7 an./nn. Tuguaedlasuns
Waniensaeiasaslafion sannfinsAunudn sotatercept
sansadudinisasne hepcidin Twaaasuls wagslansiu
nalnfiuidmiionan dn1sdnunludninaass wuin bone
morphogenetic protein w1azidwaIRdIdy L IMEIBATS
Ju activin receptor-like kinase 3 1dusnszguldlia
Msa579 hepcidin Twnsiinanazlafnaneannnszuanwnis
snaumelusome soiuendiduds bone morphogenetic
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receptors #1aziuszleailun1sannisasne hepcidin 1
magfifinsdniaufnawlusinie dwanaviaulaiiaz
Anruengalnanazinanldlunssnuinizlaimanlugioe
Tsnlasasiluawnse”

Luspatercept (ACE-536) Usznaulusmediwzassisu
activin type 1IB (ACTRIIB) qedaasnlviiinnsasaiinian
Tudrovingzendnfensiunliidwdnfeaunsianysal
fimsfnwideuuunnaasguazesdl 1 lungaenanadasgnds
FemuaUszsuAowiudoussdiwm 32 eguudadungaile
TSuendnlsitiamsioluanwin 0.0625-0.25 wn./nn. yn 2 §Uam
\isudungadliemaan wuingadlasuenseaudlalnadu
wiaaundolden 7 Y uassansoasssudlalnadulslunane
Funvindonisleen Ineseudlalnaduiiadaiusiuawine
fdinsnndn TneifisannnimIawingu 1 ndu/ma Tungadlasu
g1awIA 0.25 wn./nn. fe3oeas 83.3 uazdislinwunadnoies
wsTINMsAnWi 2

ndughioonnnans:iu EPO
logoonnnsunumsns:Gu EPO receptor lnanss

EPO Mimetic peptide

EPO Mimetic peptides (EMPs) Wungaaasulng
fidapTsiuansaust A.A. 1998 danannszgun EPO receptor
tuanduzainanaziluiisnslunnaaslan EPO Tae EMP-1
Juledlnuulndivsznaulusmensneziils 20 6 91ans
naaasluaywanuil edunusmsu EPO lalsifnauaziiad
ASed5ma oanlefinswdm CNTO molecule (Centocor)
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factor receptor) waz CTLA-4 (cytotoxic T-lymphocyte —
associated antigen4) TneannmsAnwideszesil 1 CNTO528
32181 EMP-1 daslauana duiu IgG1 Fc domain 2a9nvyue
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wigansaienlunguananastasfiudause

Peginesatide 1fl% Dimeric peptide 2uiadnfivingn
AU pegylated moiety la5UN155USBIINBIANNTEWE
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FenazaangnawIu IINNSANYIIWIA MRUTEANTaSNw
nzlafinansliogrefivsz@nsnm veluguaelsalaiGass
vefilasunselilasunsrenidenseniadlafien® wsdsas
sxdinsofemnaaensdezasesiarilauasraonidon asan
wuinenunadedisanndaierlanaden wasilasu
Andovaz Tnewuguinisaigesnndwlugthelse laSeseidolals
Sumswaniden wenanit Peginesatide fasiantdlunissnun
EPO-related PRCA usndtaneaiinitanesimsingleidies 17
HB908%08NIINAAIA 1Ha91nHTeawgUreinensuw
ag195ulad uazdgUieidedinUsznnseeaz 0.02 BA%AIN

Tasuenmiiduaionsn Tnessungaaseinisuiasnoguuse
golaisnansavanlsdmnan
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EPO gene Therapy
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M aaRIkZaetIeaaNIUaNI 19N UaIWNMIERKUAY
WugnTanzasdadum dninliadiusansoase EPO 16
ninnuidewEadimied lisunisdaulasiugnasud
Holsduiiomisensdiae TnewmaluladafiaiiFendn Transduced
Autologous Restorative Gene Therapy (TARGT) * Inefl
nsANEINAaINIIAARNLUUARAIN [UEMYEN 3 MsAnen
aushdndnszesil % lensvdauAnUasnfouns
UszAndnmsaguaelsalagaseildsunisvanitansdae
w3aslawfienlnefinmaly 1 U TARGT iJwnaluladuinlna
Mdaefinmanasantsidesa lu

unasu
aazlafnaaduanisunsndeaniidaslaruddny
Tunssnwidthelsalagass anudlaluwensiudisnaslsn
wazunuInzas HIF lun1smivannis @siadaidanung
38519 EPO uazinunuaddnzassigman doinlugnisans
ez st lna Tasuwinnenissnuwiesangnd
N3z EPO #lananiansosin damduunwmamsinunlna
Mz dwananialvtugitae uhdsrssafinmunadnsnenain
fvnidafiorasen :nmsAnsawaingluawas

loNa1sd133)

1. Drueke TB, Parfrey PS. Summary of the KDIGO guideline on
anemia and comment: reading between the (guide)line(s). Kidney
Int 2012; 82(9): 952-60.

2. Ingsathit A, Thakkinstian A, Chaiprasert A, Sangthawan P,
Gojaseni P, Kiattisunthorn K, et al. Prevalence and risk factors of
chronic kidney disease in the Thai adult population: Thai SEEK
study. Nephrol Dial Transplant 2010; 25(5): 1567-75.

3. Fishbane S, Besarab A. Mechanism of increased mortality risk
with erythropoietin treatment to higher hemoglobin targets. Clin
J Am Soc Nephrol 2007; 2(6): 1274-82.



Journal of the Nephrology Society of Thailand | 43

10.

14.

16.

Pan X, Suzuki N, Hirano |, Yamazaki S, Minegishi N, Yamamoto
M. Isolation and characterization of renal erythropoietin-producing
cells from genetically produced anemia mice. PLoS One 2011;
6(10): e25839.

Jacobson LO, Goldwasser E, Fried W, Plzak L. Role of the
kidney in erythropoiesis. Nature 1957; 179(4560): 633-4.
Maxwell PH, Eckardt KU. HIF prolyl hydroxylase inhibitors for
the treatment of renal anaemia and beyond. Nat Rev Nephrol
2016; 12(3): 157-68.

Huang LE, Gu J, Schau M, Bunn HF. Regulation of hypoxia-
inducible factor 1alpha is mediated by an O2-dependent
degradation domain via the ubiquitin-proteasome pathway. Proc
Natl Acad Sci U S A 1998; 95(14): 7987-92.

Kapitsinou PP, Liu Q, Unger TL, Rha J, Davidoff O, Keith B, et
al. Hepatic HIF-2 regulates erythropoietic responses to hypoxia
in renal anemia. Blood 2010; 116(16): 3039-48.

Majmundar AJ, Wong WJ, Simon MC. Hypoxia-inducible
factors and the response to hypoxic stress. Mol Cell 2010;
40(2): 294-309.

Semenza GL. Hypoxia-inducible factors in physiology and
medicine. Cell 2012; 148(3): 399-408.

Semenza GL. Oxygen sensing, hypoxia-inducible factors, and
disease pathophysiology. Annu Rev Pathol 2014; 9: 47-71.
Koury MJ, Haase VH. Anaemia in kidney disease: harnessing
hypoxia responses for therapy. Nat Rev Nephrol 2015; 11(7):
394-410.

Rabinowitz MH. Inhibition of hypoxia-inducible factor prolyl
hydroxylase domain oxygen sensors: tricking the body into
mounting orchestrated survival and repair responses. J Med
Chem 2013; 56(23): 9369-402.

Besarab A, Chernyavskaya E, Motylev |, Shutov E, Kumbar LM,
Gurevich K, et al. Roxadustat (FG-4592): Correction of Anemia
in Incident Dialysis Patients. J Am Soc Nephrol 2016; 27(4):
1225-33.

Brigandi RA, Johnson B, Oei C, Westerman M, Olbina G,
de Zoysa J, et al. A Novel Hypoxia-Inducible Factor-Prolyl
Hydroxylase Inhibitor (GSK1278863) for Anemia in CKD: A
28-Day, Phase 2A Randomized Trial. Am J Kidney Dis 2016;
67(6): 861-71.

Holdstock L, Meadowcroft AM, Maier R, Johnson BM, Jones D,
Rastogi A, et al. Four-Week Studies of Oral Hypoxia-Inducible
Factor-Prolyl Hydroxylase Inhibitor GSK1278863 for Treatment
of Anemia. J Am Soc Nephrol 2016; 27(4): 1234-44.

20.

21.

22.

23.

24,

25.

Pergola PE, Spinowitz BS, Hartman CS, Maroni BJ, Haase VH.
Vadadustat, a novel oral HIF stabilizer, provides effective anemia
treatment in nondialysis-dependent chronic kidney disease.
Kidney Int 2016; 90(5): 1115-22.

Flamme |, Oehme F, Ellinghaus P, Jeske M, Keldenich J,
Thuss U. Mimicking hypoxia to treat anemia: HIF-stabilizer BAY
85-3934 (Molidustat) stimulates erythropoietin production without
hypertensive effects. PLoS One 2014; 9(11): e111838.

Hickey MM, Richardson T, Wang T, Mosqueira M, Arguiri E, Yu
H, et al. The von Hippel-Lindau Chuvash mutation promotes
pulmonary hypertension and fibrosis in mice. J Clin Invest 2010;
120(3): 827-39.

Ruckle J, Jacobs M, Kramer W, Pearsall AE, Kumar R,
Underwood KW, et al. Single-dose, randomized, double-
blind, placebo-controlled study of ACE-011 (ActRIIA-1gG1) in
postmenopausal women. J Bone Miner Res 2009; 24(4): 744-52.
Besson-Fournier C, Latour C, Kautz L, Bertrand J, Ganz T,
Roth MP, et al. Induction of activin B by inflammatory stimuli
up-regulates expression of the iron-regulatory peptide hepcidin
through Smad1/5/8 signaling. Blood 2012; 120(2): 431-9.

Attie KM, Allison MJ, McClure T, Boyd IE, Wilson DM, Pearsall
AE, et al. A phase 1 study of ACE-536, a regulator of erythroid
differentiation, in healthy volunteers. Am J Hematol 2014; 89(7):
766-70.

Macdougall IC, Provenzano R, Sharma A, Spinowitz BS, Schmidt
RJ, Pergola PE, et al. Peginesatide for anemia in patients with
chronic kidney disease not receiving dialysis. N Engl J Med 2013;
368(4): 320-32.

Brill-Almon E, Stern B, Afik D, Kaye J, Langer N, Bellomo S, et
al. Ex vivo transduction of human dermal tissue structures for
autologous implantation production and delivery of therapeutic
proteins. Mol Ther 2005; 12(2): 274-82.

Shapir N, Miari R, Blum S, Schwartz D, Chernin G, Neil G, et
al. Preclinical and preliminary clinical evaluation of genetically
transduced dermal tissue implants for the sustained secretion
of erythropoietin and interferon alpha. Hum Gene Ther Clin Dev
2015.



44 Review Article

New treatment of anemia in chronic kidney
disease patients

Pattharamon Korkiatpitak, Bancha Satirapoj
Division of Nephrology, Department of Medicine Phramongkutklao Hospital and College of Medicine

Abstract

Anemia is a common feature of chronic kidney disease (CKD) once the glomerular filtration rate (GFR) below
60 mL/min/1.73 m’. Anemia of CKD has been implicated in the symptoms, morbidity, and poor outcomes. The main
cause of anemia of CKD is attributed to erythropoietin deficiency, iron deficiencies, uremic toxins, and inflammation with
the resultant inhibition of erythroid progenitor cells and shortened red blood cell survival. Current strategies to treatment
the anemia associated with CKD largely include the use of recombinant human erythropoietin (rhEPO). rhEPO treatment
reduces the need for transfusions, improves quality of life, and regress left ventricular hypertrophy. However, several
clinical studies of rhEPO have reported adverse cardiovascular outcomes and rhEPO induced pure red cell aplasia.
Currently, several attempts are being made to develop new drugs with improved characteristics compared with currently
available rhEPO. Several innovative treatments, including hypoxia-inducible factor stabilizers and erythropoietin mimetic
peptides have the potential to achieve effective erythropoiesis and are currently in various stages of clinical testing for
treatment of anemia in patients with CKD and dialysis. This review will focus on the recent insights into the molecular
mechanisms underlying anemia of CKD and new investigational strategies for increasing erythropoiesis.

Keywords: anemia, chronic kidney disease, erythropoietin
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Efficacy of 5%, 10% Trisodium Citrate and
Heparin as catheter-locking solutions for
central venous hemodialysis catheters:

a prospective randomized study

Tipakorn Chuamuangphan, Pattharawin Pattharanitima
Division of Nephrology, Department of Internal Medicine, Faculty of Medicine, Thammasat University

Abstract

Background: Central venous catheters (CVCs) are widely used in vascular access hemodialysis (HD).
Catheter-related complications include catheter dysfunction (CD), catheter-related bloodstream infection (CRBSI) and
increased mortality. Trisodium citrate solution (TSC) is an alternative anticoagulant to unfractionated heparin (UFH) to
use as a locking solution for HD CVCs.

Objective: To compare the efficacy of 5%, 10% TSC and UFH as catheter-locking solutions for HD CVCs
Methods: This study employed a single-center, stratified, randomized controlled design of patients with CVCs [newly
placed nontunneled cuffed hemodialysis catheters (NTCC), newly placed and pre-existing tunneled cuffed hemodialysis
catheters (TCC)]. Patients were stratified according to type of HD catheters and randomized to use 5% and 10% TSC
or UFH (2,500 U/mL for NTCC and 5,000 U/mL for TCC group) as catheter locking solutions after each HD session
for 3 months. The primary outcome was the development of CD, defined as a persistent inability to obtain blood flow
rate above (BFR) 250 mL/min. The secondary outcomes included the rate of CRBSI, exit-site infection (ESI), bleeding
episodes, all-cause death and mean catheter duration.

Results: Of 340 patients randomized, 249 were analyzed. In all, 134 patients were in (54%) the NTCC group, and
115 (46%) were in the TCC group. CD rates were 2.25, 1.68, 1.22 per 1,000 catheter-days in UFH, 5% and 10% TSC
groups, respectively. Incidence rate ratio (IRR) of CD in 5% and 10 % TSC groups compared to heparin group were
0.75 and 0.54 (P= 0.489), respectively. The dysfunction-free survival rate did not differ among the three groups. The
IRR for CRBSI, ESI and all-cause death did not significantly differ among the three groups. Mean catheter duration
was 53.7, 52.6, and 56.5 days in heparin, 5% and 10% TSC groups, respectively. No serious adverse events or major
bleeding episodes were encountered.

Conclusion: The efficacy of 5%, 10% TSC and UFH as catheter locking solutions did not significantly differ in preventing
CD. In addition, no significant differences were found in rates of CRBSI, ESI, bleeding episodes, mean catheter duration
and all-cause mortality among the three groups.

Keywords: catheter dysfunction, catheter-related bloodstream infection, hemodialysis, lock solutions, citrate

Background

In 2014, newly-reported prevalence and yearly
incidence rates of end-stage renal disease (ESRD) occurred
at about 1,990, and 354 per million population in the
US, and 421,219 (63.3%) of these populations used
hemodialysis (HD) modality.' Similarly, in Thailand 2014, the

prevalence and incidence rates of ESRD were 1,198 and
291 per million population, and 49,719 (63.7%) of these
populations were treated with HD for ESRD.? For long
term HD, an arteriovenous fistula (AVF) is the optimal
vascular access among patients with HD patients
because of its lower complication rates and better
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durability compared with central venous catheters (CVCs)
and arteriovenous grafts (AVG).> Nevertheless, in current
practice, the use of CVCs is still substantial. CVCs are
used as permanent vascular access for chronic HD when
construction of AVF is ineligible or contraindicated. Recent
data show that 42 to 71 % of patients with ESRD in Europe
and 67% in the US started HD programs using CVCs.*
The 2014 Thailand Renal Replacement Therapy (TRT)
database shows 5,780 (19.5%) patients with ESRD use the
tunneled cuffed hemodialysis catheter (TCC) for chronic
HD.? However, no data is available regarding the non-
tunneled cuffed hemodialysis catheter (NTCC). CVCs are
associated with the risk of catheter-related thrombosis,
which can result in catheter dysfunction (CD)® and
catheter-related bloodstream infection (CRBSI) creating
higher morbidity and mortality rates.® Initiating HD
treatment by CVCs was independently related with a
higher all-cause mortality risk than that with a mature AVF.°
The frequency of CRBSI in many large case series is 2.5
to 5.5 episodes per 1,000 catheter-days, which correlates
with an incidence of 0.9 to 2 episodes per catheter-year.”
One common practice to prevent catheter malfunction
is the use of heparin solutions to lock CVCs after HD.
Heparin locking solutions have been recommended for
maintaining HD catheter patency, although different
concentration ranges of 1,000 to 10,000 U/mL reflects
the lack of evidence on optimal dosing.? In additon, the
potential effect of bleeding risk is an acknowledged
concern.’ Other adverse events associated with heparin
use include heparin-induced thrombocytopenia (HIT),
thrombosis and osteoporosis.™

A new interest has developed in citrate as an
alternative to heparin as a catheter locking solution for
CVCs because of its antithrombotic and antibacterial
properties and reduced costs regarding heparin." Citrate
locking solutions contain 4 to 5% of trisodium citrate (TSC)
producing anticoagulant activity by binding ionized calcium
to prevent progression of the coagulation cascade.” In
vitro study reports the superior antimicrobial activity of
TSC, especially in higher concentrations, in contrast to
unfractionated heparin (UFH)."® A solution of 30% TSC
significantly improves overall patency rates and reduces
CRBSI and major bleeding episodes for both TCC and
NTCC."™ A randomized clinical trial among patients using
CVCs shows that 4% sodium citrate was as effective as
UFH in preventing thrombosis in HD catheters.”” Wide
variation can be found in the use of solutions to ““lock™ or
fill tunneled CVCs for dialysis. Based on available
evidence, 4% sodium citrate or UFH 1,000 U/mL are

optimal choices for locking solutions to maintain patency
of tunneled CVCs for dialysis.”® Only one randomized,
double-blind study evaluated the efficacy and safety of
different concentrations of citrate locks (5% TSC versus
10% TSC) for permanent dialysis catheters. It showed that
5 and 10% citrate locks had similar efficiency in preventing
CD. Therefore, low-concentration TSC locks can be safely
used as catheter locking solutions after each HD session
for permanent dialysis catheter access."”

A recent meta—analysis showed that an antimicrobial-
containing citrate lock is better than a heparin lock to
prevent CRBSI, although citrate alone failed to show
this advantage. Citrate locks of low to moderate
concentrations, rather than high, were better than heparin
locks in preventing CRBSI. Citrate locking solutions are
also associated with a lower rate of bleeding episodes
compared with heparin. No difference was found in the
eficacy to preserve catheter patency or prevent ESI
between citrate and heparin locks."” The 2016 Cochrane
Database of Systematic Reviews demonstrated that the
relative net benefit of anticoagulant therapies to prevent
catheter malfunction remains uncertain. Citrate locking
solutions appear to reduce CRBSI, but no available
evidence supports that alternative anticoagulants compared
with heparin locking solutions had an effect on death
rates or bleeding events.” Current guidelines recommend
antithrombotic locking solutions to prevent catheter-related
dysfunction among patients with HD but do not determine
specific agents or concentrations due to lack of definitive
evidence for individual regimens.” Catheter thrombosis is
related to adverse outcomes including reduced dialysis
adequacy, the requirement for repeated invasive
interventions, increased risk of catheter-related bacteremia
and higher hospitalization and mortality rates. Currently,
no study has been conducted to compare the efficacy
of different concentrations of citrate with heparin as
catheter-locking solutions and no consensus has been
reached on safety and optimal concentration of TSC to
lock CVCs for dialysis.

We conducted a prospective, randomized controlled
trial to compare the efficacy of 5%, 10% TSC, and UFH
(2,500 u/mL for NTCC, 5,000 u/ml for TCC) as
catheter-locking solutions for central venous HD catheters.

Materials and Methods

Study design

This single center study was conducted from June 2016
to December 2016 among patients with CVCs HD catheters
including both Outpatient (OPD) and Inpatient Departments
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(IPD) at Thammasat University Hospital. The study protocol
was approved by the Human Ethics Committee of Thammasat
University and registered in the Thai Clinical Trials Registry
(identifier TCTR20170314002). All patients wrote informed
consent before enrolling in the clinical trial.

Selection of patients

Criteria for eligible enroliment in the study included
being older than 18 years, having either newly placed or
well-positioned NTCC and TCC catheter
needed over one week, and preexisting TCC without flow

expected to be

problems (a persistent inability to obtain BFR above 250 ml/
min). The patients were randomly assigned to be locked with
either UFH or 5% and 10% TSC. Exclusion criteria incled
hemorrhagic diathesis condition [previous diagnosis of liver
failure, disseminated intravascular coagulopathy (DIC),
leukemia, vitamin K deficiency, hemophilia, thrombocytopenia
(platelet <100,000/mcL)], hypercoagulable states, hematologic
disease, metastatic cancer, oral contraceptive pill use, use
of anticoagulant therapy (warfarin, heparin, enoxaparin,
rivaroxaban, apixaban, dabigatran), proven or suspected
heparin-induced thrombocytopenia (HIT), allergy to UFH or
TSC, pregnancy and deny to consent.

Sample size calculation

Calculation of the required sample size was based
on catheter survival in the previous randomized study. We
estimated sample sizes for two-sample comparison of survivor
functions (catheter survival rate 8.1, 4.1 per 1,000 catheter-days
in the TSC and UFH groups). When we assumed a power of
0.80 and the two-tailed alpha of 0.05, the required sample size
was estimated to be 75 patients per treatment arm. Estimating
a 10% drop-out rate this meant that 83 patients in each group
were needed for a total 249 patients. Patients continued to
participate in the study for three months together with follow-up
every one month to evaluate catheter dysfunction, catheter-
related infection, bleeding episodes and other adverse events
and all-cause death.

Randomization and masking

The eligible patients were randomized in a 1:1:1 ratio
to control (heparin) or treatment (5% and 10% TSC) groups
using a computerized system. Stratified randomization was
obtained according to the type of HD catheters (NTCC or TCC).
A block randomization within each stratum with a block size of
six was used. The random seed number was 1 (https://Avww.
sealedenvelope.com/simple-randomiser/As1/lists). Patients and
investigators were unknown of the treatment assignments and
allocation concealment was performed using opaque, sealed
envelopes.

Procedures

The eligible patients were randomized to one of three

study arms (heparin, 5% TSC and 10% TSC). Both lumens of
their catheters were locked with UFH (2,500 U/mL in NTCC,
5,000 U/mL in TCC) or 5% TSC or 10% TSC after the HD
session. Dialysis nursing flushed 10 mL of 0.9% sodium chloride
(NSS) to each lumen of the catheter, and then locked with the
locking solution as priming volume as noted on the catheters.
Heparin-locking solution was used among all patients after the
first time of HD CVCs insertion. To prevent accidental infusion
of the locking solution, the maximum size of the syringes used
was 3.0 mL. Protocols for catheter care were followed according
to international guidelines for HD treatment including insertion
of catheters under strict asepsis by nephrology fellowship or
nephrologist and catheter exit-site dressing changes after HD
treatment. Exit sites were inspected after every dialysis
treatment. The anticoagulation solutions were prepared as
listed below.

Heparin 2,500 u/mL: Heparin (5,000 U/mL) 1 mL with
1 mL of NSS

5% TSC: 30% TSC 5 mL vial with 10 mL of NSS

10% TSC: 30% TSC 5 mL vial with 25 mL of NSS

The patients’ general information and blood test
data were collected including age, sex, type of renal failure,
etiology of renal failure, comorbidity, anticoagulant, history of
ESI/CRBSI, hospitalization, date of initiated renal replacement
therapy (RRT), type and site of catheter, date of catheter
insertion, cause catheter removal and bleeding episodes, all
adverse events and all-cause death. The following parameters
were measured in blood tests: complete blood count (CBC),
coagulogram (PT, PTT, INR), blood urea nitrogen (BUN),
and creatinine (Cr), electrolyte, calcium(Ca), magnesium(Mg),
phosphate (P), liver function test (LFT) and urine analysis (UA).

Outcomes

Primary outcome was the development of CD, defined
as a persistent inability to maintain BFR above 250 mL/min
despite additional flushing and positional changes of the patient
or the use of recombinant tissue plasminogen activator (rTPA)
to dissolve the intraluminal catheter clot. Secondary outcomes
were catheter-related bloodstream infection (CRBSI), exit-site
infection (ESI), bleeding episodes type 3A-5 according to
the Bleeding Academic Research Consortium definition for
bleeding, mean catheter duration and all-cause death. We
analyzed primary and secondary outcomes at three months
after randomization.

Definition of measurement

Catheter-related bloodstream infection (CRBSI) was
defined as bacteremia or fungemia in a patient who has
an intravascular device and >1 positive blood culture result
obtained from the peripheral vein, clinical manifestations of
infection, e.g., fever, chills, and/or hypotension, and no appar-
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ent source of bloodstream infection (with the exception of the
catheter). One of the following should be present: a positive
result of semiquantitative (>15 CFU per catheter segment) or
quantitative (>10° CFU per catheter segment) catheter culture;
whereby, the same organism (species) was isolated from a
catheter segment and a peripheral blood culture; simultaneous
quantitative cultures of blood with a ratio of >3:1 CFU/mL of
blood (catheter: peripheral blood); differential time to positivity
(growth in a culture of blood obtained through a catheter hub
detected by an automated blood culture system at least 2 hours
earlier than a culture of simultaneously drawn peripheral blood
of equal volume.”

Exit-site infection (ESI) was defined as®

Microbiological: Exudate at catheter exit site yields
a microorganism with or without concomitant bloodstream
infection

Clinical: Erythema, induration, and/or tenderness within
2 cm of the catheter exit site; may be associated with other
signs and symptoms of infection, such as fever or purulent
drainage emerging from the exit site, with or without concomitant
bloodstream infection

Tunnel infection was defined as tenderness, erythema,
and/or induration >2 cm from the catheter exit site, along with
the subcutaneous tract of a tunneled catheter with or without
concomitant bloodstream infection *'

Bleeding episodes (Bleeding Academic Research
Consortium Definition for Bleeding) %

Type 0: no bleeding

Type 1: bleeding that is not actionable

Type 2: any overt, actionable sign of hemorrhage that
does meet at least one of the following criteria: (1) requiring
nonsurgical, medical intervention by a healthcare professional,
(2) leading to hospitalization or increased level of care or
(8) prompting evaluation.

Type 3:

Type 3a: Overt bleeding plus hemoglobin (Hb)

drop of 3 to = 5 g/dL or plus any transfusion

Type 3b: Overt bleeding plus Hb drop =5 g/dL,
cardiac tamponade bleeding requiring surgical intervention for
control (excluding dental/hasal/skin/hemorrhoid) or bleeding
requiring intravenous vasoactive agents

Type 3c: Intracranial hemorrhage (does
not include microbleeds or hemorrhagic transformation, does
include intraspinal)

Type 4: CABG-related bleeding
Type 5: Fatal bleeding

Statistical Analyses

Categorical data is presented as frequencies and
percentages. Continuous data is presented as means and
standard deviations (SD). Baseline characteristics were
compared using Exact’s test for categorical variables. For
continuous variables, the one-way Analysis of Variance
(ANOVA) was used in parametric tests and Kruskal-Wallis in
nonparametric tests. The rate of events was present in incident
rate per 1,000 catheter-days. Poisson regression analysis
was used to compare the incident rate ratio to heparin group.
Survival analysis was expressed by Kaplan-Meier survival
curve, compared with Log-rank test and Cox proportional
hazard regression with a test for the proportional-hazards
assumption that showed in hazard ratio to heparin group. The
analysis of outcomes was performed on an intention-to-treat

basis. A p-value of <0.05 was considered statistically significant.

Results

Baseline characteristics of patients

A total of 342 patients were enrolled. Sixty-nine patients
met the exclusion criteria. Twenty-four patients were excluded
after randomization: 14 had less than 100,000/mm?® of platelet
count, 5 on anticoagulants, 1 had DIC, 1 had acute liver failure,
1 underwent CRRT and 2 refused to continue participating.
The 249 patients were analyzed and the study flow is shown
in Figures 1 and 2.
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Figure 1. Study design
CVCs; central venous catheters, NTCC; non-tunneled cuffed hemodialysis catheters, TCC: tunneled cuffed hemodialysis catheters, TSC; Trisodium

citrate solution

340 patients were enrolled 67 were ineligible or declined to
participate
2 had liver failure

5 had DIC

15 were < 100,000/mm° of
plalelet count

10 were taking anticoagulants

21 had miscellaneous reasons

2 did not give consent

12 did not complete screening

l l

273 underwent stratified
randomization

157 were NTCC 24 were excluded after randomization 116 were TCC
14 were < 100,000/mm°® of plalelet
l count l
Randomization 5 were taking anticoagulants Randomization
1 were DIC
l 1 were acute liver failure l
1 on CRRT
134 were NTCC 2 refused to continue participating 115 were TCC

| l
; l l l l l

Heparin 5% TSC 10% TSC Heparin 5% TSC 10% TSC
(2,500 U/mL) N = 43 N = 47 (5,000 U/mL) N =36 N = 40
N=44 N=39

Figure 2. Eligibility, randomization, and analysis. All randomized patients were included to Intention to treat (ITT) analysis.

NTCC; non-tunneled cuffed hemodialysis catheters, TCC: tunneled cuffed hemodialysis catheters, TSC; Trisodium citrate solution
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A total of 134 patients were placed in (54%) the NTCC
group and 115 (46%) were placed in the TCC group. A total
of 83 patients (33.4%) were placed in the UFH group, 79
patients (31.7%) in the 5%TSC group and 87 patients (34.9%)
in the 10% TSC group. In all, 46% of patients were male. The
mean age of the patients was 65.9 years. The major cause
of catheter insertion was using for HD in ERSD (63.9%) with
mean dialysis vintage of 570 days and mean duration of
TCC insertion of 94 days. In all, 89.2% of patients had
hypertension, 52.2% had diabetes mellitus and 30% had CKD
stage 3 to 5. The CKD stage 5 patients were more numerous

Table 1 Baseline characteristic of the sudy participants

in the 10% TSC group. The number of NTCC and TCC and
insertion sites of both catheters did not differ among the three
strata. The patients with NTCC were mainly inserted at the
femoral area (57.5%), in contrast to the patients with TCC,
who were mainly inserted at the internal jugular vein (94.8%).
Subclavian catheters were completely absent in this study.
Laboratory results did not significantly differ among the three
groups (CBC, coagulogram, blood chemistry), except mildly
higher aspartate aminotransferase (AST) liver enzyme in the
5% TSC group. The baseline characteristics of the patients
are shown in Tables 1 and 2.

Characteristics All Heparin 5% TSC 10% TSC P value

N 249 83 79 87
Male, n (%) 114 (45.8) 31 (37.4) 40 (50.6) 43 (49.4) 0.172
Age (years) 65.9 + 16.5 66.8 + 13.6 65.3 + 17.9 65.7 + 17.9 0.838
Dialysis vintage (days) 570.8 + 1029.7 379.6 + 767.6 551.0 + 1041.7 771.1 + 1198.0 0.509
Duration of TCC insertion (days) 94.2 + 321.9 1252 + 422.2 69 + 253.6 87.4 + 2625 0.494
Cause of catheter insertion — n (%)

AKI 15 (6.0) 7 (8.4) 3 (3.8) 5 (5.8) 0.507

AKI on top CKD 73 (29.3) 22 (26.5) 26 (32.9) 25 (28.7) 0.671

ESRD 159 (63.9) 53 (63.9) 50 (63.3) 56 (64.4) 1.000

Others 2 (0.8) 1(1.2) 0 1 (1.15) 1.000
Underlying diseases — n (%)

Diabetes 130 (52.2) 43 (51.8) 40 (50.6) 47 (54.0) 0.924

Hypertension 222 (89.2) 74 (89.2) 71 (89.9) 77 (88.5) 0.967

Dyslipidemia 94 (37.8) 33 (39.8) 26 (32.9) 35 (40.2) 0.562

Ischemic heart disease 56 (22.5) 24 (28.9) 17 (21.5) 15 (17.2) 0.195

Peripheral arterial disease 8 (3.2) 2 (2.4) 3 (3.8) 3 (3.5) 0.908

Stroke 33 (15.3) 14 (16.9) 10 (12.7) 9 (10.3) 0.475
Pre-existing catheter - n (%) 58 (23.3) 25 (30.1) 15 (19.0) 18 (20.7) 0.201
Type of catheter - n (%)

TCC 115 (46.2) 39 (47.0) 36 (45.6) 40 (46.0) 0.987

NTCC 134 (53.8) 44 (53.0) 43 (54.4) 47 (54.0)

AKI; acute kidney injury, CKD; chronic kidney disease, ESRD; end stage renal disease, NTCC; non-tunneled cuffed hemodialysis catheters, TCC:

tunneled cuffed hemodialysis catheters, TSC; Trisodium citrate solution
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Table 2 Baseline laboratory profiles

Characteristics All Heparin 5% TSC 10% TSC P value

N 249 83 79 87

Hemoglobin (g/dL) 9.3+1.8 9.3+1.8 9.2+1.7 9.3+1.8 0.822
PT (sec) 15.4+£3.6 15.4+45 15.0+2.3 15.6+3.6 0.703
INR 1.3+0.3 1.3+04 1.2+0.2 1.3+0.3 0.826
PTT ratio 1.3£0.3 1.3%£0.3 1.2%0.2 1.3+£0.3 0.323
BUN (mg/dL) 75.7 £ 36.2 725349 76.3+34.2 78.1+£39.5 0.666
Creatinine (mg/dL) 7.0+4.0 6.0+ 3.3 72+41 75+43 0.139
Na (mmol/L) 134.3+54 135.0+£5.1 138.9:226.5 134.0+5.6 0.456
K (mmol/L) 4.3+0.9 42+0.8 43+0.8 44+£1.0 0.469
Cl (mmol/L) 98.4+£6.6 98.6+6.4 98.7+7.0 97.9+6.4 0.789
HCO3 (mmol/L) 219+53 225+51 212+53 21.9+54 0.385
Ca (mg/dL) 8.3+1.1 8.3+1.1 8.4+11 82+11 0.581
Correct Ca (mg/dL) 9.4+1.0 95+1.2 96+1.2 9.3+0.8 0.497
Albumin (g/dL) 26+0.7 2.6+0.8 25+0.7 2.7+0.7 0.511
AST (U/L) 61.4+68.2 67.4+47.9 71.4+928 479+ 58.7 0.034
ALT (U/L) 51.4+92.7 66.2 + 136.4 549+ 71.2 35.5+52.3 0.097

Primary outcome

Catheter dysfunction (CD) rates

The rate of CD was 2.25 per 1,000 catheter-days in
the UFH group, 1.68 per 1,000 catheter-days in the 5% TSC
group and 1.22 per 1,000 catheter-days in the 10% TSC group.
Incidence rate ratio (IRR) of CD did not significantly differ
among the three groups (P=0.485), and in the 5% and 10 %
TSC groups compared to the heparin group were 0.75 (95%
Cl 0.28-1.96; P=0.559) and 0.54 (95% Cl 0.29-1.49; P=0.238),
respectively (Table 3). The dysfunction-free survival rates
did not significantly differ among the three groups (P=0.495)
(Figure 3).

In subgroup analysis by type of catheter, CD hazard
ratio (HR) of NTCC in the 5% and 10% TSC group compared
with UFH group were 1.03 (95% CI 0.36-2.97; P+0.951), 0.38
(95% CI 0.10-1.48; P=0.163), P=0.275 among the 3 groups,
respectively. The CD HR of TCC in the 5% and 10% TSC
groups compared with the UFH group were 3.29¢™® (95% Cl
0; P=1.000), 0.95 (95% CIl 0.19-4.72; P=0.952) and p 0.249

among the three groups, respectively (Figures 4A, 4B).
In subgroup analysis by site of catheter insertion,
no significant differences were observed in the rate of
CD among the three groups (Figure 5).

Kaplan-Meier survival estimates
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Figure 3 Kaplan-Meier survival analysis of catheter locking solutions

TSC; Trisodium citrate solution
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Figure 5 Kaplan-Meier analysis of catheter survival for locking solutions. Subgroup analysis by site of catheter insertion;

Right internal jugular vein (Panel A), Left internal jugular vein (Panel B), Right femoral vein (Panel C), Left femoral vein (Panel D)
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Secondary outcomes (Table 3)

Catheter-related bloodstream infection (CRBSI)
The CRBSI occurred in 6, 2, and 2 patients in the UFH, 5%
and 10% TSC groups, respectively. A rate of CRBSI were
1.35, 1.44, and 0.41 per 1000 catheter-days in the UFH, 5%
and 10% TSC groups, respectively. Incidence rate ratio (IRR)
of CRBSI in the 5% and 10% TSC groups compared with the
UFH group were 1.07 (95% Cl 0.35-3.32; P=0.906), 0.30 (95%
Cl 0.06-1.50; P=0.142), p=0.181 among the 3 groups with no
significant difference among the 3 groups.

Table 3 Summary of the primary and secondary outcomes

Exit-site infection (ESI)

The ESI occurred in 2, 2, and 1 patients in UFH, 5%
and 10% TSC group, respectively. A rate of ESI were 0.45,
0.48, and 0.20 per 1,000 catheter-days in UFH, 5% and 10%
TSC group, respectively. IRR of ESI in 5% and 10 % TSC
group compared to UFH group were 1.07 (95% CIl 0.15-7.60;
P=0.945), 0.45 (95% CI 0.04-4.99; P=0.518), p 0.732 among
the three groups with no significant difference among lock
solution groups.

Heparin 5% TSC 10% TSC P value
CcD Incidence rate/1,000 catheter-days) 2.25 1.68 1.22
IRR 1 0.75 0.54
P value (reference) 0.559 0.238 0.485
95% Cl 0.29-1.97 0.20-1.50
CRBSI Incidence rate/1,000 catheter-days) 1.35 1.44 0.41
IRR 1 1.07 0.30
P value (reference) 0.906 0.142 0.181
95% Cl 0.35 -3.32 0.06 —1.49
ESI Incidence rate/1,000 catheter-days) 0.45 0.48 0.20
IRR 1 1.07 0.45
P value (reference) 0.954 0.518 0.732
95% ClI 0.15 — 7.60 0.04 — 5.00
Bleeding episode Incidence rate/1,000 catheter-days) 0 0 0
type 3A-5
IRR NA NA NA
P value
95% Cl
All caused Incidence rate/1,000 catheter-days) 2.69 1.68 1.63
mortality
IRR 1 0.71 0.60
P value (reference) 0.460 0.269 0.519
95% Cl 0.24 —1.57 0.25 — 1.48

CD; catheter dysfunction, Cl; confident interval, CRBSI; catheter-related bloodstream infection, ESI; exit-site infection, IRR; Incidence rate ratio, TSC;

Trisodium citrate solution

Table 4 Mean catheter duration

NTCC TCC All
Mean SD Mean SD Mean SD
Heparin 31.20 29.59 79.00 24.72 53.66 36.31
5% TSC 27.16 24.21 83.08 19.79 52.65 35.74
10% TSC 33.72 30.58 83.30 19.29 56.52 35.87
All 30.79 28.27 81.77 21.34 54.34 35.87

NTCC; non-tunneled cuffed hemodialysis catheters, TCC: tunneled cuffed hemodialysis catheters, TSC; Trisodium citrate solution
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Bleeding episode type 3A to 5 (Bleeding Academic
Research Consortium definition for bleeding) and other
adverse events

No serious adverse event occurred. Two patients in
the 10% TSC group had a metallic taste in the mouth and
numbness during locking solution instillation. One patient in
the 5% TSC group had a mild headache. No bleeding
episodes type 3A to 5 occurred among all patients.

All-cause mortality

In all, 28 (11.2%) deaths occurred during the study
period, 12 (14.5%) patients in the UFH group, 8 (10.1%) in
the 5% TSC group and 8 (9.2%) in the 10% TSC group.
The all-cause mortality rate was 2.69, 1.68, and 1.63 per
1,000 catheter-days in the UFH, 5% and 10% TSC group,
respectively. IRR of all-cause mortality in the 5% and 10%
TSC groups compared with the UFH group were 0.71 (95%
Cl 0.29-1.75; P=0.460), 0.60 (95% CIl 0.25-1.48; P=0.269),
(P=0.519) among the 3 groups, respectively. All-cause
mortality did not differ significantly, and no CRBSI-related
death occurred among the three groups.

Mean catheter duration

The overall mean catheter duration was 54.3 days.
Mean catheter duration among patients with TCC was higher
(81.8 days) compared with patients with NTCC (30.8 days). The
mean catheter duration was 53.7, 52.6, 56.5 and 54.3 days
in the UFH, 5% TSC, 10%TSC and all groups, respectively
(P=0.825).

From subgroup analysis by type of catheter, the
mean catheter duration of NTCC was 31.2, 27.2, 33.7, and
30.8 days in the UFH, 5% TSC, 10% TSC and all groups,
respectively. The mean catheter duration of TCC was
79.0, 83.1, 83.3, and 81.8 days in the UFH, 5% TSC, 10%
TSC and all groups, respectively.

Cost

The costs of catheter locking solutions were calculated
according to the price in Thammasat University Hospital 15
March 2017. The cost of the 5-mL 30% TSC citrate was 130
THB, 15-mL 10% TSC 135 THB (30% TSC was diluted with
NSS to 10% TSC) and 30-mL 5% TSC (30% TSC was diluted
with NSS to 5% TSC). Heparin cost was 186 THB for 5,000
units/6 mL. The total cost of 5% TSC and 10% TSC was
lower than that of heparin. When using TSC in Thammasat
University Hospital, the total annual cost of 5% TSC and 10%
TSC for HD patients would be 154,521 THB and 302,174 THB,
respectivley, whereas the total annual cost for UFH 5,000 U/
mL would be 1,277,373 THB.

Discussion
Our study is the first randomized control trial to compare

different concentrations of TSC to heparin as catheter locking
solutions. When compared with the previous study, our study
had a higher number of patients (249 patients) than the previous
study, including both acute and chronic dialysis patients with
NTCC and TCC, using low to moderate concentration of TSC,
and no serious adverse events occurred in our study. The
results showed that patients with UFH, 5% and 10% TSC as
catheter locking solutions had no significant differences
regarding CD. The subgroup analysis by catheter type and
insertion site showed no significant differences in the rate of
CD. In addition, no significant differences were observed in
the rate of CRBSI, the rate of ESI, catheter dysfunction-free
survival, the rate of bleeding episodes (type 3a-5), mean
catheter duration and all-cause death.

Our results corresponded with previous randomized
catheter lock solution studies. Hendrickx L, et al. evaluated
the efficacy and safety of a low concentrate citrate (5%) lock
versus heparin lock among 19 patients with permanent HD
catheters. The study showed a slightly increased number of
small clots in the 5% TSC dialysis catheter lock whereas no
significant differences were observed between the two groups
in preventing catheter obstruction.® The limited number of
patients in the comparative study included only CKD with
TCC patients. Our study had a higher number of patients and
(NTCC and TCC), but the
number of small clots could not be evaluated in our study.

included all patients with CVCs

MacRae JM, et al. randomized 61 patients with HD with
TCC to receive either heparin 5000 U/mL or citrate 4% as a
locking solution after HD. Heparin had comparable catheter
dysfunction episodes to citrate (45% versus 41%, respectively).
No significant differences were observed in the development
of catheter-associated bacteremia (3.3/1,000 catheter-days
heparin versus 2.2/1,000 catheter-days citrate group; p 0.61)."
The results of MacRae JM, et al. were similar to ours. However,
this randomized pilot study with a low statistical power had a
reduced chance of detecting precise effects and only NTCC
were included. A randomized crossover study by Meeus G, et
al. evaluated the efficacy and safety of a 5% citrate versus 10%
citrate catheter lock for permanent dialysis catheters among 28
patients during 1,876 dialysis sessions. In all, 12.4% episodes of
nonocclusive clot formation occurred in the 5% citrate group
versus 9.5% in the 10% citrate group (P=0.04). However, no
statistically significant difference was found in the formation of
large clots, the need for urokinase or complete obstruction of
the catheter between the two study groups.” This study did
not compare with heparin used as a routine locking solution
so the result may be inconclusive.

In our study, no statistically significant difference was
found between the rate of CRBSI and ESI probably due to
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using low to moderate TSC concentration (5% and 10% TSC).
The result of our study corresponds to a related in vitro study
evaluating the antimicrobial efficacy of 4 concentrations of TSC
(2.2, 7.5, 15 and 30%) compared with UFH. The in vitro study
demonstrated that 15% TSC, and 30% TSC reduced the number
of C.F.U./mL of all strains over 24 hours and showed superior
antimicrobial activity of TSC, especially in higher concentration.
The TSC in lower concentrations had less antimicrobial activity.
Thus, the low to moderate concentration of TSC in our study
might not lessen the rates of CRBSI and ESI compared with
the UFH group. Furthermore, low CRBSI and ESI rates were
observed in our hospital, which lowered the power to prove
statistical significance.

A recently published randomized trial of 464 newly
placed NTCC compared the effectiveness of 30% TSC with
UFH as catheter-locking solutions for HD CVCs in preventing
CRBSI and CD. The study found no difference in CRBSI-free
or dysfunction-free survival between jugular vein CVC
locked with heparin or 30% TSC, and the dysfunction-free
survival did not differ among groups.®® The results of this
study were comparable to our study in subgroup analysis
by type of catheter. However, only the patients with NTCC
were included in this trial, which involved only about one half
of the patients requiring dialysis catheter in our population.
Furthermore, the placement of catheters in the subclavian
vein was included in this study which may have caused
AVF/AVG maturation and is not recommended to place in
patients with AKI or ESRD. Thus, the results of this study
cannot be used with patients with CVCs.

A recently published meta-analysis included 13 RCTs
to compare locking solutions with citrate versus heparin.
Pooled analyses found no significant difference among the
groups studied in CRBSI (P=0.17), catheter removal for poor
flow (P=0.78) and thrombolytic treatment (P=0.82)." The
various citrate concentrations (4%, 5% and 30% TSC) might
have affected to the study results. The Cochrane Database of
Systematic Reviews (CDSR) included 27 studies to compare
alternative anticoagulant locking solutions with UFH 5,000 U/
mL to prevent catheter malfunction among HD patients. Citrate
locking solutions of concentrations ranging from 4 to 46.7%
did not significantly reduce catheter malfunction (RR 1.14;
95% CI 0.76 to 1.69). Subgroup analysis showed a reduction
in the rate of catheter-related bacteremia in citrate locking
solutions (RR 0.46, 95% CIl 0.32 to 0.66); however, the
antimicrobial lock solutions were included in this analysis.”
This systematic reviews varied in tested interventions; thus,
the interpretation of the study evidence was limited.

This study had some limitations. First, the short
follow-up periods might have affected the confidence for

implementing the results among patients with TCC which
usually retained the catheter more than three months. Second,
the inclusion of patients with preexisting TCC was affected by
previous anticoagulant (heparin 100%); however, no difference
was observed in the duration of TCC insertion and number of
patients with pre-existing catheters among the three groups.
Third, a minor difference in baseline characteristics was
found among the groups; however, no significant differences
in outcome were observed after adjusting for baseline (data
not shown). Fourth, the excluded patients from the
analysis after the randomization may have resulted in a bias
in the randomization process; however, the baseline
characteristics did not significantly differ among the three
groups of patients.

However, no significant different outcomes were
found between using heparin, 5% and 10% TSC as catheter
locking solutions; the TSC could be used as an alternative
anticoagulant in HD catheter locking solutions and would
be particularly useful among patients with heparin allergy
or HIT. Furthermore, the lower cost of TSC might be an
additional factor to determine the type of anticoagulant for
these patients.

In conclusion, the efficacy of 5%, 10% TSC and UFH
as catheter locking solutions did not significantly differ in
preventing CD. In addition, no significant differences occurred
in rates of CRBSI, ESI, bleeding episodes, mean catheter
duration and all-cause mortality among the three groups.
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Urinary neutrophil gelatinase-associated
lipocalin and kidney injury molecule-1
related to pathologic involvement and renal
response in active lupus nephritis

Teerapol Punjachaipornpol’, Amnart Chaiprasert', Naowanit Nata', Theerasak Tangwonglert',
Ouppatham Supasyndh’, Mongkon Charoenpitakchai®, Bancha Satirapoj’'
'Division of Nephrology, Department of Medicine, Phramongkutklao Hospital
2Department of Pathology Phramongkutklao College of Medicine

Abstract

Background: Conventional biomarkers have not been very successful in predicting renal and patient outcomes
regarding lupus nephritis. Ideally, noninvasive biomarkers would be investigated to detect early disease and used to
assess the response to treatment. Neutrophil gelatinase-associated lipocalin (NGAL) and kidney injury molecule-1
(KIM-1) is expressed in damaged tubules, but whether urinary NGAL and KIM-1 could serve as a biomarker of active
lupus nephritis is unknown.

Objective: To investigate the relationship of serum and urinary tubular biomarkers with renal pathological injury and
renal response to treatment

Methods: We conducted a prospective cohort study among patients with active lupus nephritis all biopsy-proven.
All patients provided serum and urine samples for NGAL and KIM-1 measurement by ELISA at baseline. Clinical,
laboratory data, and renal histological findings with urinary biomarkers were assessed. The renal outcomes were
monitored after induction treatment.

Results: In all, 55 patients with active lupus nephritis class Ill, IV and V were enrolled (mean age, 31.6+9.7 years,
mean UPCR, 3.7+2.9 g/g creatinine and mean estimated glomerular filtration rate (GFR) 91.0+37.8 mL/min/1.73 m®).
At baseline measurement, mean urinary NGAL was 14.2+15.4 ng/mL, and mean urinary KIM-1 was 2.4+3.1 ng/mL.
Both urine tubular biomarkers were significantly related to level of GFR, and the more severe renal pathological activity
index was higher than the levels of urinary NGAL and KIM-1. Renal response to treatment was significantly worse
among patients with elevated urinary NGAL and KIM-1. Based on ROC analysis, urinary NGAL (AUC; 0.797,
95%Cl 0.665-0.929) and urinary KIM-1 (AUC; 0.767, 95%CIl 0.622-0.912) outperformed conventional biomarkers in
differentiating complete and partial response groups from the nonresponse group.

Conclusion: These data suggest urine NGAL and KIM-1 at baseline are significantly correlated with renal function
and renal pathological injury. Urine NGAL and KIM-1 may be useful biomarkers to evaluate kidney injury regarding

active lupus nephritis.

Keywords: Neutrophil gelatinase-associated lipocalin (NGAL); kidney injury molecule-1 (KIM-1) systemic lupus
erythematosus (SLE); lupus nephritis

Background

Lupus nephritis is one of the most common and
severe complications of systemic lupus erythematosus
(SLE) affecting approximately 50 to 70% of patients."
Lupus nephritis is associated with significant morbidity

and mortality"® particularly among patients of Hispanic,
African-American® and Asian ethnicities.” Recent data
revealed that patients develop end stage renal disease
(ESRD) some ten years after the first episode of lupus
nephritis.®” Death due to ESRD occurs in 5 to 25% within
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five years in the more severe forms of lupus nephritis.®
Renal biopsy is the ‘gold’ standard used to diagnose
lupus nephritis and its severity. However, this relatively
‘invasive’ procedure involves repeated serial renal biopsies
that are seldom practical in real life practice especially
in frequent relapsers or among patients with associated
severe hematologic or cerebral manifestations. Furthermore,
it may infrequently represent the global status of the
kidney reliably.’

Current markers for lupus nephritis are unreliable for
early detection of lupus nephritis activity or flares. Hence,
noninvasive biomarkers are urgently needed as timely,
early initiation of appropriate treatment can avert permanent
renal damage.'® Neutrophil gelatinase-associated lipocalin
(NGAL) is one of the more promising biomarkers. NGAL
is a 25 kDa protein that was initially isolated from the
supernatant of activated neutrophils' However, many other
cell types including kidney tubules may produce NGAL
in response to a variety of injuries.””"® NGAL has been

%7 Furthermore,

extensively studied in acute kidney injury.
urine NGA levels have been reported to be elevated
among patients with lupus nephritis compared with those
with nonrenal SLE disease and correlated significantly with

disease activity.""

Kidney Injury Molecule-1 (KIM-1) is a
type 1 membrane protein expressed on the apical
membrane of proximal tubule cells. Its ectodomain is
cleaved and released in the lumen of the tubule and
finally appears in urine, which is stable and it related
with kidney injury.”® We have previously reported that
urine NGAL levels do reflect lupus nephritis activity.”' In
this article, we determined the association between urine
NGAL and uKIM-1 with lupus nephritis activity among
patient with SLE with biopsy- proven lupus nephritis
compared with the current standard markers of SLE such
as proteinuria and renal SLEDAI-2K. We present the
results of our prospective follow-up study evaluating
urine NGAL and urine kidney injury molecule 1 (uKIM-1)
as a potential marker for lupus nephritis activity and
response to treatment.

Materials and Methods

The calculated sample size totaled 54 patients.”' A total
of 70 patients with SLE with biopsy-proven lupus nephritis
were recruited - all 70 with active lupus nephritis. Urinary
NGAL and uKIM-1 levels were measured. Renal function test,
urinary parameters, lupus serology and calculated renal SLE
Disease Activity Index-2000 (renal SLEDAI-2K) were analyzed
to determine their associations with urine NGAL and uKIM-1.
We excluded patients with lupus nephritis with ESRD or those

requiring chronic dialysis, had undergone renal transplantation
and those with clinical lupus nephritis in whom a renal biopsy
could not be performed as well as pregnant patients. Informed
consent was obtained from all recruited subjects. The study
protocol was approved by the Institutional Review Board, Royal
Thai Army Medical Department.

SLE Disease Activity Indices (SLEDAI-2K) and
laboratory testing

Bombardier et al.* developed a scoring system of
the SLE Disease Activity Index (SLEDAI). The scores range
from O to 105, with higher scores representing increased
disease activity. This was revised by Gladman et al.® SLEDAI-
2K —so as to capture ongoing, new or recurrent disease activity.
SLEDAI-2K is divided in: a) SLEDAI-2K - global score (range
0 to 150), b) SLEDAI-2K - extrarenal score (range 0 to 63)
and c) SLEDAI-2K - renal score (range 0 to 16). The renal
score corresponds to the presence of any one of the following
on urinalysis: proteinuria, hematuria, leucocyturia or urinary red
cell casts in the absence of stones or concurrent urinary tract
infection or other causes of proteinuria.”

Laboratory tests included full blood count, blood
urea nitrogen (BUN), serum creatinine, estimated glomerular
filtration rate (eGFR) using the CKD-EPI formula, urinalysis by
dipstick, urine microscopy, urine protein creatinine index (UPCI),
serum complement 3 and 4 levels (C3, C4) and anti-dsDNA
antibody titers (anti—-dsDNA Ab).

Definition of lupus nephritis activity

A. Active lupus nephritis was defined by the presence
of one or more of the criteria listed below.

a. Proteinuria with or without any of the following
features®' included the presence of hematuria
or red cell casts and increased serum creatinine
or decreased eGFR. Proteinuria was measured
by spot morning urine protein creatinine index
(UPCI) and was positive when the value
was >500 mg/g creatinine (normal range <150).

b. Renal SLEDAI score =4.* The score
included the presence of any one/more of
the following feature/s in the urinalysis:
proteinuria, hematuria, leucocyturia or urinary
red cell casts after exclusion of stones,
concurrent urinary tract infection or other
causes.”

B. Relapse/flare of lupus nephritis was defined as
recurrence of renal disease activity after a period of remission
>3 months for the purpose of this study.”

C. Remission was defined as the absence of disease
activity and no change in immunosuppressive therapy for at
least three months.”'
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D. Inactive lupus nephritis was defined by the presence
of one or more of the criteria listed below.

a. Proteinuria (UPCI) defined as <500 mg/mmol
with/Awithout serum albumin =35 g/L, inactive
urine sediments (< 5 red cells/HPF) and no
red cell casts and no leucocyturia (< 5 white
cells/HPF) and stable serum creatinine (unless

Table 1 Criteria for the outcome of lupus nephritis

due to other causes, e.g., renin-angiotension
system (RAS) blockade).”
b. Renal SLEDAI score 0 or < 4.
The disease course of lupus nephritis
The disease course of lupus nephritis over time was
categorized at each visit as shown in Table 1.2

Criteria / Outcome

Proteinuria (UPCI)

Serum creatinine Serum albumin

Complete remission (CR) < 500 mg/g (< 50 mg/mmol)

Partial remission (PR)
mg/g [< 300 mg/mmol]

Non remission (NR) No change

> 50% reduction in UPCI, and a UPCI < 3000

Baseline > 3.5 g/dL
Baseline > 3.5 g/dL

or < 25% increase
> 25% increase < 3.5 g/dL

or < 50% reduction in UPCI, or a UPCI = 3000

mg/g [= 300 mg/mmol]

Adapted with modification from KDIGO Clinical Practice Guideline for Glomerulonephritis 2012

Laboratory testing for urine NGAL

All fresh urine samples collected were immediately
centrifuged to remove sediments and frozen in aliquots
at —80°C for later NGAL batch testing. The commercially
available enzyme-linked immunosorbent assay (ELISA)
kit from R&D Systems was used. It employs a sandwich
monoclonal ELISA design to measure human Lipocalin-2/
NGAL in urine, cell culture supernates, serum, plasma and
saliva. Briefly, a standard or sample was added to each
well and left to incubate for 2 h at 2 to 8°C. The plates
were washed four times to remove any unbound substances.
Conjugate was then added to each well and incubated for
2 h at 2 to 8°C, then the plates were washed four times
and substrate solution was added to each well. After
incubating 30 min at room temperature, the stop solution
was added to each well. Finally, the absorbance was read
at 450 nm with the correction wave length set at 540 nm.
Urine NGAL levels are reported as ng/mg of urinary creatinine
(normalized value) so as to standardize urine NGAL to renal
creatinine excretion.

Laboratory testing for uKIM-1

All fresh urine samples collected were immediately
centrifuged to remove sediments and frozen in aliquots at
—80°C until analysis. urinary KIM-1 levels were measured
quantitatively by sandwich ELISA according to manufacturer
instructions using commercial ELISA kits (R&D Systems).

Statistical analysis

Categorical variables are presented as counts (percent).
Continuous variables are presented as mean (+ standard
deviation (SD)) when normally distributed or median
(interquartile range (IQR)) when nonnormally distributed.
Association between urine NGAL and KIM-1 levels with
standard laboratory parameters were explored using
Spearman’s correlation coefficients. Multivariate analysis
was performed using means of binary logistic regression to
explore independent predictors of lupus nephritis pathology.
Pearson’s chi-square test (X°) was used to compare
categorical variables and a two-sided independent-sample
t test was used to compare normally distributed variables.
Receiver operator characteristic curves were constructed
for urine NGAL, KIM-1 and the usual standard markers
were used to predict lupus nephritis activity. The area
under the curve (AUC) with associated 95% confidence
interval (Cl) of each parameter served as a measure of
the discriminatory capacity of urine NGAL and KIM-1 to
detect response to treatment. The best cut-off value
for each test was determined using the maximization
of the Youden index (sensitivity + specificity —1).”' STATA/SE
Software, Version 13.0 was used for statistical analysis.
All tests were two-sided and p <0.05 was considered
statistically significant.
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Results

Clinical characteristics of the study patients

A total of 70 patients were eligible for inclusion in
the study. All had established SLE by ACR criteria with
biopsy-proven lupus nephritis. The sample totaled 57
females and 13 males with a mean age of 31.6£9.7 years.
The majority had class IV+ V lupus nephritis (52.8%) followed
by class Ill £+ V (28.5%). The demographic, clinical and
laboratory data between active and inactive lupus nephritis
are detailed in Table 2.

Association of various measures of SLE and
severity of pathology of lupus nephritis

A significant correlation was found between urine
NGAL with total activity index (r = 0.327, P=0.006), fibrinoid
necrosis/karyorrhexis (r = 0.274, P=0.022), leukocyte
infiltration (r = 0.303, P=0.011) and tubular atrophy (r = 0.242,
P=0.044) as shown in Tables 3 and 4. Linear regression
multivariate analysis of urine NGAL/Cr was performed to
control independent factors; urine NGAL was significantly
related to total activity index especially leukocyte infiltration
as shown in Table 5

Urine KIM-1 was significantly correlated to total
activity index (r = 0.384, P<0.001), fibrinoid necrosis
karyorrhexis (r = 0.306, P=0.010), hyaline thrombi/wire loop
(r = 0.337, P=0.004) and leukocyte infiltration (r = 0.299,
P= 0.012) as shown in Table 4. Linear regression
multivariate analysis of urine KIM-1/Cr was performed to
control independent factors; urine KIM-1 was significantly
related to total activity index especially hyaline thrombi/wire
loop as shown in Table 6

ROC curve analysis of urine NGAL/Cr and urine
KIM-1/Cr to predict renal remission in lupus nephritis

ROC curves were constructed to assess the potential
diagnostic and predictive values of urine NGAL/Cr and urine
KIM-1/Cr to predict renal remission in lupus nephritis as
illustrated in Figure 1. The area under the curve (AUC) for
urine NGAL/Cr was 0.797 (95% Cl: 0.664-0.929: P=0.002).
The Youden index was highest (0.56) at a cut-off value at
22.20 ng/mg creatinine. At this point, urine NGAL/Cr had a
sensitivity of 0.72 and a specificity of 0.84. ROC curves for
urine NGAL/Cr compared with standard biochemical
markers for lupus nephritis activity were also constructed. The
AUC for urine KIM-1/Cr was 0.767 (95% Cl: 0.621-0.919:
P=0.005). The Youden index was highest (0.45) at a cut-off
value at 6.50 ng/mg creatinine. At this point, urine KIM-1/Cr
had a sensitivity of 0.91 and a specificity of 0.53. The AUC for

proteinuria (UPCI) was 0.557 (95% Cl: 0.375-0.738: P=0.548),
anti-dsDNA was 0.413 (95% Cl: 0.215-0.611: P=0.359), GFR
was 0.592 (95% ClI: 0.356-0.827: P=0.330), C3 was 0.493
(95% CI: 0.314-0.670: P=.937) and C4 was 0.372 (95% ClI:
0.202-0.541: P=0.174). These were lower than those for urine
NGAL/Cr and urine KIM-1/Cr.

Table 2 Baseline characteristics of patients

SLE with lupus

Parameters
nephritis (N=70)

Female (%) 57 (81.4%)

Age (years) 31.6 £ 9.7
Renal SLEDAI 71+ 34
Creatinine (mg/dL) 11 + 0.7
UPCR (g/gCr) 37 +29
Hemoglobin (g/dL) 1.1 £ 241
Serum albumin (g/dL) 3.0 £ 0.6
Serum C3 (mg/dL) [0.9-2.1] 1.2 £ 04
Serum C4 (mg/dL) [0.1-0.4] 0.2 + 0.1
Anti-dsDNA antibody (IU/mL) 99.7

[0-100] [ IQR; 11.7- 238.4]
SLE duration (years) 4.79 + 6.33
Lupus nephritis duration (years) 1.44 + 3.18

Biopsy-proven lupus nephritis

Class Ill £V 20 (28.5%)
Class IV £ V 37 (52.8%)
Class V 13 (18.5%)
Total activity index 4[1QR;1-17]
Total chronicity index 2 [1QR; 0 - 4]
CKD stage
Stage 1 (eGFR >90) 44 (62.8%)
Stage 2 (eGFR 60-89) 7 (10%)
Stage 3 (eGFR 30-59) 15 (21.4%)
Stage 4 (eGFR 15-29) 3 (4.2%)
Stage 5 (eGFR <15) 1(1.4%)

Data presents as mean and SD and median with interquartile ranges
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Table 3 Urine biomarkers with renal pathology activity index

Activity index Urine NGAL Urine KIM-1
r P-value r P-value
Total activity index 0.327 0.006 0.384 0.001
Cellular proliferation 0.210 0.081 0.201 0.096
Fibrinoid necrosis or karyorrhexis 0.274 0.022 0.306 0.010
Cellular crescent 0.161 0.183 0.167 0.168
Hyaline thrombi or wire loop 0.085 0.482 0.337 0.004
Leukocyte infiltration 0.303 0.011 0.299 0.012
Interstitial inflammation 0.213 0.077 0.058 0.631
Table 4 Urine biomarkers with renal pathology chronicity index
Chronicity index Urine NGAL Urine KIM-1
r P-value r P-value
Total chronicity index 0.205 0.089 0.159 0.188
Glomerular sclerosis 0.123 0.311 0.1083 0.398
Fibrous crescent 0.077 0.528 0.186 0.123
Interstitial fibrosis 0.219 0.069 0.095 0.436
Tubular atrophy 0.242 0.044 0.148 0.221
% interstitial filbrosis and tubular atrophy 0.175 0.148 0.019 0.875
Table 5 Multivariate linear regression analysis for urine NGAL/Cr with lupus nephritis activity
Urine NGAL/Cr
95% ClI
Beta coefficient P-value
upper lower
Age (year) 0.005 -0.002 0.013 0.179
Creatinine (mg/dL) 0.204 0.083 0.326 0.001
UPCR 0.001 -0.025 0.027 0.944
Tubular atrophy -0.044 -0.147 0.058 0.391
Leukocyte infiltration 0.156 0.011 0.301 0.035
Table 6 Multivariate linear regression analysis for urine KIM-1/Cr with lupus nephritis activity
Urine KIM-1/Cr
95% CI
Beta coefficient P-value
upper lower
Age (years) 0.001 -0.002 0.003 0.944
Creatinine (mg/dL) 0.026 -0.008 0.059 0.128
UPCR 0.000 -0.008 0.009 0.922
Fibrinoid necrosis or karyorrhexis -0.001 -0.017 0.016 0.938
Hyaline thrombi or wire loop 0.027 0.004 0.050 0.023
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Figure 1 Receiver operating characteristic curves of urine NGAL/Cr and urine KIM-1/Cr, proteinuria (UPCI), Anti-dsDNA antibody, GFR,

C3 and C4 for predicting renal remission of lupus nephritis in SLE patients. The area under the curve (AUC) for urine NGAL/UCr was 0.797

(P=0.002). The AUC for urine KIM-1/Cr was 0.767 (P=0.005) and AUC for proteinuria was 0.557 (P=0.548), anti-dsDNA antibody was 0.413 (P=0.359),
GFR was 0.592 (P=0.330), C3 was 0.493 (P=0.937) and C4 was 0.372 (P=0.174).

Discussion

Among patients with SLE, lupus nephritis is a common
and severe affliction associated with significant morbidity
and mortality. In this modern era, active severe lupus nephritis
often responds to judiciously administered immunosuppressive
treatment. Current routine laboratory markers lack both
sensitivity and specificity for lupus nephritis disease activity
particularly in response to treatment. This study was designed
to investigate the relationship between urine NGAL, uKIM-1
and pathological severity of active lupus nephritis and to clearly
predict renal remission in lupus nephritis.

Most related studies have investigated the role of urine
NGAL among patients with lupus nephritis compared with
patients with SLE without renal involvement or healthy controls
and several studies have shown that urine NGAL may be a
potential biomarker for lupus nephritis disease activity.®"
Pitashny et al.”® studied a cohort of adults with SLE (32/70 had
active lupus nephritis) reporting that urine NGAL was higher
among patients with lupus nephritis compared with those
without. Rubinstein et al.,” in a longitudinal study, showed that
urine NGAL level was a significant predictor of lupus nephritis
activity among these patients. In particular, it served as a
predictor for flares among patients with biopsy-proven lupus
nephritis. The author also reported that plasma NGAL may be
used to predict worsening global and renal disease activity.”
Our finding indicated that elevated urine NGAL levels in active
lupus nephritis provides further evidence for urine NGAL as

a predictor for lupus nephritis activity and urine NGAL also
correlated with renal pathology and renal remission.

The AUCs for urine NGAL/Cr and urine KIM-1/Cr
were greater than those for standard biochemical markers
for lupus nephritis activity. The standard biochemical markers
(UPCI, anti-dsDNA antibody titers, GFR, C3 and C4) showed
poorer performances in detecting renal remission in active
lupus nephritis. Although anti-dsDNA antibody titers and
serum complement levels are commonly used in clinical
practice to evaluate lupus nephritis activity, no correlation was
found between these parameters and lupus nephritis disease
activity. Furthermore, no associations were found between
these markers and urine NGAL. These findings are consistent
with those reported by Pitashny, et al.”® Anti-dsDNA antibody
titers have a low sensitivity (~50%) for predicting lupus nephritis
activity or renal flares®™. Serum complement levels are also
unreliable indicators when used in isolation and need to be
interpreted in conjunction with other laboratory parameters for a
more accurate evaluation of lupus nephritis activity.”® Data from
our ROC analysis showed that anti-dsDNA antibody titers and
serum complement levels have lower performances compared
with urine NGAL and uKIM-1 levels. The results were consistent
with those reported by Rubinstein et al.” who demonstrated
in a longitudinal study that urine NGAL levels were superior
to anti-dsDNA antibody titers in predicting renal flares among
patients with biopsy-proven lupus nephritis.

The main limitation of our study was being a single
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center study and using multiple regimens for induction
therapy including standard low or high dose intravenous
cyclophosphamide and oral MMF. Study limitations included
having a short follow-up period of 12 months. A longer term
follow-up and multicenter study are recommended. Our
primary endpoint was also reached by 15% of the patients,
and the statistical model was powerful enough to establish
independent relationships between biomarkers and renal
remission. Our study did not collect data on main renal
outcomes to demonstrate the doubling of serum creatinine,
and ESRD. The relatively small sample size of our study limits
the precision and power to detect associations of moderate
strength.

In conclusion, our study showed that urine NGAL
correlated with total renal activity index especially leukocyte
infiltration in pathology. In addition, urine KIM-1 correlated with
total renal activity index especially hyaline thrombi and wire
loop in pathology. Both urine NGAL and KIM-1 predicted renal
remission in lupus nephritis. Because only few small longitudinal
studies have been performed to date, further evaluation of urine
NGAL in a large prospective longitudinal study to confirm its
potential application as a superior or additional biomarker for
noninvasive monitoring of lupus nephritis disease activity and
to predict renal remission is warranted.
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Fibrillary glomerulonephritis associated
with chronic hepatitis C infection:
Case reports and literature review

Ratchada Haemin, Nuttasith Larpparisuth

Division of Nephrology, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University

Abstract

Fibrillary glomerulonephritis (FGN) is a rare glomerular disease with an incidence of 0.5 to 1% of native

renal biopsies. The pathogenesis of FGN is not well recognized, but a hypothesis proposes the immune complex

deposition occurs in pathognomonic fibrils in glomeruli. Approximately one third of FGN patients had comorbidities

including cancer and autoimmune disease. Association between hepatitis C viral (HCV) infection and FGN had been

reported in some patients with unfavorable outcome. We here reported two cases with HCV and associated FGN. Both

patients had a very high HCV RNA and evidence of cirrhosis at diagnosis. Renal histopathology and electron microscopic

findings confirmed a diagnosis of FGN. The first patient achieved sustained virological response after treatment with

novel direct-acting antiviral (DAAs) based regimen and exhibited stable renal function. In contrast, the second patient

did not receive DAAs due to financial restriction and developed progressive renal deterioration. We also reviewed the

literature regarding pathology, treatment and renal prognosis of this clinical entity.

Keywords: Fibrillary glomerulonephritis, Hepatitis C virus, Glomerular disease

Infroduction

Fibrillary glomerulonephritis (FGN) is a morphologically
defined entity characterized by glomerular accumulation of
Congo Red negative, nonbranching, randomly arranged fibrils'™*
which partly contain immunoglobulin.” FGN is a rare pathological
diagnosis and the underlying pathophysiology remains unclear.
Initially, FGN was considered as an idiopathic abnormality.®
However, some patients with FGN presented a history of
systemic disease. One of the concomitant diseases with FGN
is hepatitis C viral (HCV) infection; however, this association is
an uncommon clinical syndrome. We here reported two cases
of HCV infection associated with FGN found in Siriraj Hospital
from 2014to 2016 and also highlight clinical manifestations,
histopathological findings, treatments and outcome. We also
reviewed the literature regarding pathology, treatments and
renal prognosis.

Case Reports
Case 1
A 33-year-old Thai man presented swelling of both

legs and progressive abdominal distension for one month.
He had no significant previous illness except history of blood
transfusion five years ago, due to an automobile accident.
He did not have a history of volume loss and denied taking
any medication. At initial presentation, physical examination
revealed blood pressure of 160100 mmHg, no sign of hypovolemia,
marked ascites and pitting edema at both legs.

The investigation showed urinalysis of albumin, 4+,
white blood cell (WBC), 1 to 2 cells/high power field (HPF),
red blood cells (RBC), 5 to 10 cells/HPF with dysmorphic RBC,
oval fat body (OVF), 0 to 1 cell/HPF and fatty cast, 1 to
2 casts/LPF. Urine protein creatinine ratio (UPCR) was
3.6 g/gCr. Blood chemistry comprised BUN, 32.2 mg/dL, Cr,
1.5 mg/dL, albumin, 2.5 g/dL, globulin, 2.4 g/dL, choles-
terol, 271 mg/dL, triglyceride, 143 mg/dL, AST, 69 U/L, ALT,
111 U/L, alkaline phosphatase (ALP), 100 U/L and fasting
plasma glucose, 93 mg/dL. CBC was Hb 11.6 g/dL, Hct, 34.5%
and platelet count was 67,000 cell/mm?®

For serological tests, anti-HCV was positive while
anti-HIV and HBsAg were negative. HCV RNA PCR was
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16,260,240 IU/mL and its genotype was 1a. The provisional
diagnosis was nephrotic-nephritis syndrome with renal
insufficiency. Additional studies showed normal serum C3 and
C4 level, negative ANA, rheumatoid factor and cryoglobulin
testing. Triple phase CT of the liver revealed cirrhosis with
portal hypertension and ascites, no hepatocellular
carcinoma and normal size of both kidneys without stone
or hydronephrosis.

Firstly, he did not receive renal biopsy because of
thrombocytopenia and was treated with prednisolone 60 mg
daily, in addition to losartan 50 mg and furosemide 40 mg
daily for 2 weeks. However, his symptoms did not improve
with immunosuppression. Because chronic HCV infection
was considered as a secondary cause of glomerulonephritis,

prednisolone was reduced to 15 mg daily. After complete
work up of HCV infection, the patient was treated with
a direct-acting antiviral (DAA) based regimen, including
sofosbuvir 400 mg , daclatasvir 60 mg and ribavirin 800 mg
daily. HCV RNA was lower than 15 IU/mL after 4 weeks of
DAA treatment. He finished a 12-week course of DAA without
noteworthy adverse effects and achieved sustained virological
response.

His hypertension, leg edema, ascites and nephritis
urine sediment disappeared in 12 weeks. Nevertheless, after
DAA treatment, his UPCR was still 3.6 g/gCr. Blood chemistry
showed reduced serum Cr from 1.5 and 1.01 mg/dL. Liver
enzyme, and either AST or ALT was normal while platelet
count increased to 107,000 cells/mm?® (Table 1).

Table 1 Laboratory investigations at presentation and during follow up

Period DAA period Post DAA period
Date Week 0 Week 4 Week 8 Week 12 Month1 Month2 Month3
Creatinine 1.5 117 1.14 1.12 0.99 1.02 1.01
Albumin 2.5 2.8 2.6 2.5 2.6 2.6 2.8
UPCR 3.6 ND 2.3 2.3 31 2.7 3.6
Urine RBC 5-10 ND 2-3 0 3-5 2-3 1-2
HCV RNA 16,269,240 <15 ND <15 ND <15 ND

DAA: Direct-acting antivirals, RBC; red blood cell, UPCR; urine protein creatinine ratio

Renal biopsy was performed to determine a definite
diagnosis because of persistent proteinuria. The pathology
revealed 11 glomeruli of which one showed global sclerosis
and five showed segmental sclerosis. The mesangium
showed mild increase in cell and mild to moderate increase
in matrix. The capillary walls showed segmental thickening.
No endocapillary proliferation or crescent was observed
(Figure 1). Mild tubular atrophy and interstitial fibrosis was
found (10%). The blood vessels were unremarkable. Im-
munofluorescent studies revealed trace capillary loop
staining for IgG, IgM, kappa and lamda while staining for C3,
C1q, Congo red and fibrinogen were negative.

Electron microscopic examination demonstrated
deposition of fibrils (18 to 28 nm in diameter) in subendothelium,
intramembrane and mesangium (Figure 2). The endothelial
cells were also swollen and no tubuloreticular inclusion
was observed. The visceral epithelial cells showed 100%
foot process effacement with cytoplasmic vacuolization and
microvillous transformation.

The histologic finding was consistent with fibrillary

glomerulonephritis. The patient continued treatment with
losartan 50 mg and prednisolone 5 mg daily. At 12 weeks
after complete DAA, the patient exhibited stable renal
function but UPCR was still 3.6 g/gCr, suspected from
chronic glomerular lesion.

Case 2

A 36-year-old Thai man with HCV cirrhosis child
A presented with severe hypertension and swelling at both
ankles and feet. His last HCV RNA PCR (1 year ago) was
1,241,013 IU/mL and he had never received antiviral therapy.
He had multiple tattoos on his body. Physical examination
revealed blood pressure of 200/141 mmHg and pitting edema
at both feet and ankles.

After investigation, urinalysis revealed albumin, 3+,
WBC, 1 to 2 cell’HPF, RBC, 0 to 1 cell’lHPF and OVF, 2 to
3/HPF. UPCR was 7.6 g/g Cr. Blood chemistry comprised
BUN, 27.3 mg/dL, Cr, 1.4 mg/dL, serum albumin, 2.7 g/dL,
triglyceride, 183 mg/dL, LDL, 142 mg/dL, AST, 318 U/,
ALT, 491 and U/L and ALP, 80 U/L. CBC showed Hb 12.6 g/
dL, Het ,36.7% and platelet count of 90,000 cell/mm®.
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Figure 1 (A) An involved glomerulus shows mesangium with mild increase in cell and mild to moderate increase in matrix, no endocapillary proliferation

or crescents (Periodic Acid-Schiff (PAS), 40X). (B) The capillary walls show segmental thickening .The mesangium is lightly stained with JMS. (JMS,

40X).(Courtesy of Assoc. Prof. Boonyarit Cheunsuchon, Department of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University)
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Figure 2 Electron micrograph shows the deposition of fibrils (1828- nm
in diameter) in sudendothelium, intramembrane and mesangium.
(Electron micrograph, 30000X). (Courtesy of Assoc. Prof. Boonyarit
Cheunsuchon, Department of Pathology, Faculty of Medicine Siriraj
Hospital, Mahidol University)

Further testing for antiHIV, HBsAg, HAV IgM, and HEV
IgM were all negative. Serum complement, both C3 and C4
level were normal. ANA was borderline positive with fine
speckle pattern while antidouble stranded DNA (anti-dsDNA)
and anticytoplasmic antibody were negative. Ultrasound of
upper abdomen revealed cirrhosis without liver mass,
splenomegaly, normal size and increased echogenicity of
both kidneys without stone or hydronephrosis. His clinical

entity was consistent with nephrotic syndrome thus renal
biopsy was performed.

The pathology showed 14 glomeruli of which five
showed global sclerosis and six showed segmental sclerosis.
The mesangium showed mild increase in cell and moderate
increase in matrix. The capillary walls showed segmental
thickening with double contour. No endocapillary proliferation
or crescent was observed (Figure 3A). Severe tubular atrophy
and interstitial fibrosis (60%) was evidenced. The interlobular
arteries showed mild intimal fibrosis. Staining with Jones
Methenamine Silver (JMS) demonstrated significant
diminished discoloration in the mesangium and thickened
capillary walls (Figure 3B). Immunofluorescent studies
revealed trace capillary loop staining for IgG, IgM, kappa
and lamda, and negative staining for C3, C1g, Congo Red
and fibrinogen.

Electron microscopic examination showed deposition
of randomly nonbranching fibrils in the subendothelial space
(Figure 4). The capillary wall showed double contour with
mesangial interposition. No subepithelial deposit and
endothelial cells were unremarkable. The visceral epithelial
cell showed 100% foot process effacement with cytoplasmic
vacuolization and microvillous transformation.

The clinico-pathological diagnosis was HCV and
associated FGN. Because of evidence of cirrhosis, he was
advised to receive DAAs. However, he had a financial problem
and could not support the cost of treatment. He was treated
with losartan 50 mg daily and amlodipine 5 mg daily to control
hypertension. At 24 weeks after diagnosis, his serum creatinine
increased to 3 mg/dl. He still had poor controlled hypertension
and bilateral leg edema.
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Figure 3 (A) An involved glomerulus shows mesangial expansion with moderate increase in matrix. The capillary walls are segmentally thickened.

(Periodic Acid-Schiff (PAS), 40X). (B) Diminished staining with JMS in the mesangium is showed. Segmental sclerosis is noted in the lower portion

of glomerulus. (JMS, 40X) (Courtesy of Assoc. Prof. Boonyarit Cheunsuchon, Department of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol

University)
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Figure 4 Electron micrograph shows randomly arrayed nonbranching
fibrils with diameter thicker than amyloid fibrils (Electron micrograph,
30000X). (Courtesy of Assoc. Prof. Boonyarit Cheunsuchon, Department
of Pathology, Faculty of Medicine Siriraj Hospital, Mahidol University)

Review of literature

FGN is a scarce renal pathological diagnosis which has
been identified in approximately 0.5 to 1.0% of native kidney
biopsies.® Approximately one third of patients had a history of
malignancy, monoclonal gammopathy, autoimmune disease
and rarely, HCV infection. From the largest report of 66 FGN
patients, the associated disorders are illustrated in Table 2.”

For clinical manifestation, FGN often presents in
middle to old aged patients (mean age of 55 to 60 years) and
is rarely reported in a pediatric population. Patients typically
present with proteinuria, almost with nephrotic range.
Microscopic hematuria and hypertension are also common
presentations.® No specific clinical clue or laboratory findings
are available for FGN. All of the usual serologic studies are
normally negative in FGN including normal complement level.’

Pathology of Fibrillary glomerulonephritis

The diagnosis of FGN is established by renal
pathology, with the pathognomonic change concerning
electron microscopy (EM). Findings from light microscopy
in FGN are nondiagnostic and compatible with variable
glomerular patterns, including MPGN, diffuse proliferative
glomerulonephritis with or without crescentic formation,
mesangial proliferative glomerulopathy or MN.® Accumulation
of abnormal fibrils can be demonstrated by weakly positive
acellular material on JMS and periodic acid Schiff staining.
Immunofluorescence findings most often revealed polyclonal
deposition of immunoglobulin (Ig) classically 1gG (IgG1 and
IgG4) with both kappa and lambda light chains and sometimes

positive C3 staining.'®"

Another keystone for definite diagnosis
is the absence of reactivity with Congo Red or Thioflavine-T,
which is the marker for characterization of amyloid fibril.

EM is the most important method for certain diagnosis.
Widespread randomly arranged microfibrils are revealed
in the mesangium and glomerular basement membrane.
The size of the fibril is used to differentiate FGN from

amyloidosis or immunotactoid glomerulopathy. The diameter
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of fibril in FGN is around 12 to 30 nm which is twice as
large as amyloid fibrils (8 to 12 nm in diameter) but smaller
than immunotactoid microtubular structures for which the
diameter is most often 34 to 49 nm in diameter."™ (Table 3)

Fibrillary glomerulonephritis associated with
HCV infection

A strong and possible causal association between
chronic HCV infection and glomerular diseases involved immune
complex deposition. Several HCV associated renal diseases
are described including of well-recognized condition such
as mixed cryoglobulinemia and membranoproliferative
glomerulonephritis (MPGN) where membranous nephropathy
(MN), polyarteritis nodosa (PAN)>'™ and FGN were less
common." From the best of our knowledge and literature
review, seven case reports of HCV were associated with FGN.

Table 2 Associated disease with fibrillary glomerulonephritis

Six patients had FGN of the native kidney'®'®, but one case
developed FGN in renal allograft after transplantation.”

From our report, both patients presented hypertension
and heavy proteinuria, which are common clinical manifestations
of FGN. Despite nonspecific findings from light microscopy,
electron microscopy revealed the typical microfibrils in
glomeruli. Both patients had chronic HCV infection and
developed FGN during the phase of high HCV RNA. Even
though the first patient received renal biopsy after completion
of treatment with DDA, the onset of the symptoms occurred
at the period of high HCV viral load and clinical parameters
improved after the definite treatment of HCV infection. Because
only few case reports (2/7) contained data confirming high HCV
viral load, our report strengthens the association between HCV
infection and FGN.

Malignancy (23 percent)

Multiple myeloma (MM), chronic myelo-monocytic leukemia (CMML), thyroid cancer, hepatocellular carcinoma, breast cancer,

uterine cancer, prostate cancer, colon cancer, renal cell carcinoma, melanoma

Autoimmune disease (15 percent)

Crohn’s disease, systemic lupus eryhtematosus, Graves’ disease, idiopathic thrombocytopenic purpura (ITP), primary biliary

cirrhosis, ankylosing spondylitis, Sjogren syndrome

Rarely concomitant
Chronic HCV infection

Anti-glomerular basement membrane disease

Table 3 Comparison of EM findings in amyloidosis, FGN and immunotactoid glomerulopathy

Characteristics Amyloidosis FGN Immunotactoid glomerulopathy
Appearance Fibrils Fibril Microtubules
Size (nm) 8-15 12-24 >30
Arrangement Random Random Parallel arrays
Congo Red staining Positive Negative Negative

Ig deposition Monoclonal light chain in AL

type amyloid

Usually polyclonal 1gG

Monoclonal or oligoclonal IgG

Treatment

Because of the rarity of the disease no randomized
trial is available regarding treatment of FGN. In patients
with secondary FGN, treatment should be focused to the
specific cause. In addition, patients with normal estimated
glomerular filtration rate are usually treated with RAAS
blockade, either angiotensin converting enzyme inhibitor
or angiotensin receptor blocker, to control blood pressure,

reduce proteinuria, and slow the progression of the disease.
For idiopathic FGN, role of immunosuppressive therapy is
still controversial.Several reported which were treated
with glucocorticoid and/or other cytotoxic agents, such as
cyclophosphamide, cyclosporine, mycophenolate mofetil and
rituximab.

For HCV associated FGN, the mainstay treatment
should be dedicated to control the infection with antiviral
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therapy. "*® The selection of the antiviral regimen depends
on the extent of renal impairment, HCV genotype and
underlying liver disease. The novel treatment with interferon-free
DAA-based regimens is the best option in HCV mono-infected
patients without cirrhosis or with compensated cirrhosis,
because of their virological efficacy, ease of use and high

18-21

tolerability. This new treatment has a major advantage for
HCV associated renal disease for which most patients had
renal dysfunction.

However, for patients without renal impairment (eGFR
>50 mL/min per 1.73 m®), a combination of peginterferon
(PEG-IFN) and the nucleoside antimetabolite ribavirin with
DAA (Sofosbuvir) remain first line therapy™" (Table 4). For
patients with moderate renal impairment (eGFR 30-50 mL/
min per 1.73 m?) dose adjustment of ribavirin and monitoring
of hemolytic anemia are warranted. Whether PEG-IFN and
ribavirin can be replaced with DAA based regimens (Table 4),

or dose reduction for severe renal impairment (eGFR< 30 mL/
min per 1.73 m®) needs to be determined (Table 4).

For our patients, the first one received treatment with
corticosteroid; however, the symptoms and laboratory profiles
did not improve. This finding supports the disadvantage
of immunosuppression in secondary FGN. However, after
treatment with novel DAAs based regimen, he achieved
sustained virological response and his renal function stabilized.
On the other hand, the second patient with a similar context
of disease did not receive DAAs due to financial restriction.
His renal function, proteinuria and hypertension gradually
worsened. This represents the potentially treatable cause for
FGN, an uncommon renal disease, which responded poorly
to currently applied therapy and might rapidly lead to ESRD.
Because of their efficacy and tolerability, DAAs based regimen
is the most considerable treatment option in HCV-associated
renal disease.

Table 4 PEG-IFN base regimen modified from EASL2014', AASLD/IDSA2015", THASL 2016

Mild renal impairment (eGFR > 50 mL/min per 1.73 m?)

PEG-IFN -2a 180 mcg subcutaneous per week or

- PEG-IFN -2b 1.5 mcg/kg subcutaneous per week plus

- Sofosbuvir 400 mg orally per day

Moderate renal impairment (€GFR 30-50 mL/min per 1.73 m®)

- PEG-IFN -2a 180 mcg subcutaneous per week or
- PEG-IFN -2b 1 mcg per kg per week plus

Ribavirin 800 -1200 mg orally per day (body weight < 75 kg)

- Ribavirin orally alternating doses of 200 mg and 400 mg every other day

- Sofosbuvir 400 mg orally per day

Severe renal impairment (€GFR <30 mL/min per 1.73 m?)
- PEG-IFN -2a 135 mcg subcutaneous per week or

PEG-IFN -2b 1 mcg per kg per week plus

Ribavirin orally alternating doses of 200 mg per day

Sofosbuvir 400 mg orally per day

Duration of antiviral course
- Genotype 1a/1b, 2-6: 12 weeks
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Table 5 HCV therapeutic DAA base regimen modified from EASL2014 °, AASLD/IDSA2015', THASL 2016 (24)

Therapeutic regimen

HCV
genotype  goF,peg/RBV  SOF/RBV SOF/LDV SOF/SMP AbbVie’s SOF/DCV
Gla 12wks+RBV 12wks
12wks 8-12wks 12wks

G1b 12wks
G2 12wks 12wks 12wks
G3 12wks 24wks 12wks
G4 12wks 12wks 12wks 12wks
G5 12wks 12wks 12wks

G, genotype; DCV, daclatasvir; LDV, ledipasvir; Peg, pegylated interferon; SOF, sofosbuvir; SMP, simeprevir; RBV, ribavirin; AbbVie’s; combination of

paritaprevir, ritonavir, ombitasvir and dasabuvir

Renal prognosis

Although little information is available on the combined
process of FGN and HCV infection, one half of patients rapidly
progress to end stage renal disease within 2 to 4 years.”*
Only one reported case was treated with alpha-interferon and
the patient subsequently improved in proteinuria and renal

dysfunction.”

Conclusion

FGN is one of the probable findings among patients
with chronic HCV with glomerular disease. Definite pathological
diagnosis of FGN requires electron microscopy. A novel DAAs
based regimen may be the most appropriate management for
HCV-associated FGN.
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~ {ThemelCore Curriculum in GlomerularlDiseasess

cu HoININal 3U 2 IsIIsuoIde NSINW

08.00 - 09.00 .
09.15 - 09.45 1.

avnziau

ANCA Associated
Glomerulonephritis

® WANQ.FAU BIUSFUNTNIY
09.45 - 10.15 . Anti-Glomerular Basement
Membrane Disease

® 1oV uwile WeuuzeIng
10.15 - 1045 . Break

1045 - 1115 . Inherited Glomerular Diseases

® WNAVNIEWY ASGITIU /
1115 -11.45 . Post-infectious
Glomerulonephritis
® Ww.1h3 AsuaTaA
12.00 - 13.00 . Lunch

13.00 - 1345 1. Cliniocopathological Conference
® sw.gmavnsal

1345 - 1430 1. Cliniocopathological Conference
® y.5TINAENT

14.30 - 1445 . Break

1445 - 1530 1.

Case Discussion
® FN.MTIV

08.00 - 09.00 .
08.30 - 09.15 1.

09.15 — 09.45
09.45 - 10.15
10.15 - 10.45
10.45 - 11.15
11.15 - 11.45

12.00 - 13.00

13.00 - 13.30

13.30 - 14.00

14.00 - 14.30

14.30 - 15.00
15.00 - 15.30

15.30 - 16.00

avnziiau
Approach and Investigation of
Glomerular Diseases

o uw. gl lamawsygy
Membranous Nephropathy

o un. el lomaasygy
MPGN

® WAWQ.WIAY uavaiad
Break

Pathogenesis of Glomerular
Diseases: An Overview

o AuWLaAIANG Mayauywe
Lupus Nephritis

® sAwq.AT ounsTpate
Educational Symposium:
U3 Ay dala ASu
What is the effective EPOs
dose in Thai renal patients?
® SA.WY.FUUM ATENITIY
o un. ey lomaasygy
MCD and FSGS

® W.0.0.500 F3UUNTTY
Diabetic Nephropathy

® AW ITINA WBEIIF
IgA Nephropathy

© uw.Suins woAnsAna
Break

Thrombotic Microangiopathy
® uw.Adll 5ITUNITIYALS
Paraproteinemic Related
Glomerulopathy

® Wy afsewal

Sulansi 13 UnsIAL 2561
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