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Peritoneal Dialysis in Acute Kidney Injury and
Related Complications
Suriyan Yupaniad, Watanyu Parapiboon

Division of Nephrology, Department of Internal Medicine, Maharat Nakhon Ratchasima Hospital,

Nakhon Ratchasima

Abstract

In regions of the world where resources are limited, acute peritoneal dialysis may provide safe, effective and
cheaper alternative to acute hemodialysis with comparable efficacy. Acute peritoneal dialysis can be performed
quickly and conveniently, requires fewer skilled personnels and less technologies. Current evidence suggest
non-inferior outcomes compared to hemodialysis in the setting of acute kidney injury. Factors that may influence
adverse outcomes include patient’s overall condition, the severity of underlying diseases, complications related
to dialysis catheter replacement and peritoneal dialysis techniques such as intraabdominal infection, leakage
of dialysis fluid, blockage of the catheter, and electrolyte abnormalities. These complications may result in
switching to hemodialysis in up to 10-15 percent of the patients. Nevertheless, prevention of these complications
may be achieved through thorough risk assessment prior to the procedure. Moreover, proper patient’s preparation
prior to the procedure including administration of antibiotics, placement of urinary catheter, using laxative, placement
of peritoneal catheter by a trained personnel and prompt recognition of complications can help reduce the length

of hospital stay, morbidity and mortality in this setting.

Keywords: acute renal failure; AKI; ARF; renal replacement therapy; RRT

Corresponding author: Watanyu Parapiboon @ HNE)
BY NC ND

Email: watanyu.kr@cpird.in.th; watanyupara@gmail.com
All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)
license unless otherwise stated.

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2023; 29(1): 1-8

1



2

m3anlamedasaslugibalenadsunauuas
AMzUNIndauntneIvas

datu agwilen, Wigysy wasyad

wihelsals npTvIegsmans lsingIU1aunITIvUATTIVAL

UNAnge
nsdslamstesieadunisirdanaunulaiifiuszansnmilsisesninnswenidenseindesdlafioslunssnugiae
ffinnglanedsundulasanzluiiuiiviauaaunineinslunseniden deaunsodldsnds azaan lisuudes
ofgeudnguesypansin dagtulinuinnisdlametesiesduanglanedounduidannndedinfiunnseiu
nsrlendendeiniedlaifion adeiifnarosnmmadeinvesfihetusgifuanimuaading lsausesi arwsuussodlse
wazamzunsndeuiiinainnsdidlannadesies TasoraiAatuldannduneunslaasdislouasmaianisdisln tdun
msfindsludestios msfi@umasiedln nisgadulumeddla uaznnzindeusinund nmzunsndouiiinduduaive
yesmsAsuIsnmsthdamaunlafedesas 10-15 wazifiusnsnsidedinvesiUaeld anzdsnanamnsatesiuldlae
mMeUssiumudssuasmawisufisfustoudunmsddlamnadesios wu nslieitoug nsldasautiaans
nslienszuneneusanednila msnsmesemadafigndes uaznsifadunnisunsndoussrerings lngazsilsinisdndla
N9v0eviRallUEAVEN TR anunsnanszeriaNsueUlsNeIUIa aAnEYINAALaTaRsATINLEET IRl

Aaany: lnurady; msthdanaunule; aslaniamtivies

o ! . .
UNuI AMSNUNIITIUNSIURE 1l usTTUU systematic review'

awlane@sundunuiesas 30 TugUiednge war  Tua.a.2013 wudidnsinismievesyUislaedeundu

dUaelanadeundulunngingandesindanaunule  Mihnsilangesiouiisuiudnsnismelunisvenion

wulanedeeaz 50" nsvrdanaunulalunnglanedsunau
ldlutiagiuil 3 1BAe nsvendendeiadeslaiion
(conventional hemodialysis) n1sthdnnawnulauuuseiios
(continuous renal replacement therapy) Lazn15a19n
N9U999 99 (acute peritoneal dialysis) Inon15aela
mdeiosduldndusnile a.r.19232 waviallunisshw
fraelamedeunduldediedivsyvinmdaudd am1946°
Aennsuiiniswauinistrdanaunulawuudewdouiie
ninwgUaslanedeunau viliisnisdslametosios
Tugthelanedeunduiinisldanas egnslsinnulunisdine

sraeseslafieuliwansnatuiie Sovaz 58 uazdevay 56.1
Aud1dy n1sanslanisdesiesluguiglaineideundu
wl#snsn1ssendinuaznisinauvedlail uduuinnia
Soway 60° agalsinunMTUNINgoUsEITaNITaslania
gauiondutadedifaiivhlvnisdrdlaivsyansainan
a1 Msarelannedesieiltednnanimi1sne wndaesndu
Faafiaudornalunisdestu 39y wazudluniig
unsndoufiintudieliiiiednisiiuveslaegiemindiuay
figmsnssentinuniu

JUseiusussauna: g wisyad
diua: watanyu. kr@cpird.in.th; watanyupara@gmail.com

0929

All material is licensed under terms of
the Creative Commons Attribution 4.0
International (CC-BY-NC-ND 4.0)

license unless otherwise stated.

J Nephrol Soc Thail 2023; 29(1): 1-8

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



Review Article JNST

A15199 1 TeRwazdainnniunisardlanieresias’

nsaelanevasiiag

o

1. wallansvildgeenn lddudeu wavsanligs

v o £ v ] v
Javnalunisanslaniedasias

1. U NTLNANAANTNIDS

Y

10T lainad

7

2. anansavitugUendsy

2. fthenivdesseninndevulenuastosvios
(pleuroperitoneal communication)

3. nszvrumsdniauldnnn msglifinmsduiavesdeniudinges | 3. glhendszuumeladuinaing1aguuse

9819919

4. \fin disequilibrium syndrome fieutnatios dnsidaveads | 4. glheninnglnunadenlufonaioneguns

(Life-threatening hyperkalemia)

5. AnuLdsINITidanaandn kideddduiaraneduien
(anticoagulation)

5. @:ﬂ’wﬁﬁ hypercatabolic state

6. ihendalagesviesduunduiina Fadundanligield |6. fleniinnensalvadousuuss

7. wnltumsilufiunsvhauvedasu edieuiumsvenden | 7. flhenilfindetesies wisRndefiiaiminyes

(peritonitis or abdominal wall cellulitis)

8. flenIATIA

Azunsndauvenisaislanisdesiadlugviglaineg
Boundunuiesar 68 dudutladvihlugaingnsidedin
IafsTosa 76 awnsawiinneunsndaulunisanslania
tovindldail

ATUNsNYELIINNIS AR
(Infectious complications)

aazinleludesiies (peritonitis) wulddosay
12.4-00"* fifaduides Ifun wadanisnsane auautd
N13YOUUINUIAUNAVBIH U ns$dutien nsvuideu
381119115819k e nsiiuseIRviimanasTu
9099184 (recent invasive intervention; colonoscopy,
sigmoidoscopy, cystoscopy, hysteroscopy) #Han1g
Mmetosnuazitu (dental procedures) mnzwpadouundise
s.aureus Tudesayn nisiniogidaniseanuazglusd
Yo9aY (exit-site and/or tunnel infections) maxﬁamﬂ
miqu% AT izﬁULLaagﬁquLﬁamﬁw A1IENN
Tnsumsdainasiossuugiifuiu nnzlnumadesludons
Foilinsideuiiveswnaiuemisanasuasiuuaiise
Tugldadouiiiiuesnuiwaznisideuves cuff senain
lusdany’ amgfndoludososdsmalidnslanisosia
lifiuseavsnmlufshuazvendedmiiu esnwiadoy
FasriasoradonnuantRaufeldsuisnmstdanaunla
Junsendeameaiaslaiioy uiannsing Cochrane

review 2017 felimumsunnsdlumsinde nsiunisyihey
yoile wazdnsnmsdedindedisuiunistidanaunule
wuudu® ennsuansiinuld Ao vhendlagunuosas 84
ansUmviewienadunuiosas 79-88 14 (aungll > 37.5°C)
wufovay 29-53 paulderFeunuiovas 31-51 Anuduladin
fnudenay 18 mLW;LﬁmmﬂmﬁﬁmL%achumqawﬁwim
(catheter’s lumen) vioRnleansaU e ln Mandewi
Yosuuafidorutuntindruidonsyaneaiunssuaden
Suduiinalndesiusaneanas loud Suyluneuyiuuas
nsiureadadonuiianas svesilngy 6-48 $alug
Asfumuiunsiiinisfaidouazanuuusadenslsa’
TuMIIdADMENINATIENWARLNTIN WU NINEFVTE
wanwetedorzaely nsidedelaedennisuinios then
Frelagu uaz asranudiaifonsnaludidrsleuinnd
100 wadsedladiunsvseiifadonyvilaialnsiuinnia
Zaway 50 naandnsiendnslamadewieeteion 2 1l
nsdensradenunsulenmanui@oaininendnslanudesas
9-40 Tomamnzionninendslanylddosas 70-907 uas
Fuiudfunshivenhenlddedosas 462 Weiinudilng
Spsay 60 [WuuuaiSuunsuuInLaziesas 20 Wuwuaiise
wnsuau Taedefinuves 16ud Pseudomonas aeruginosa,
Klebsiella aerogene, Staphylococcus epidermidis, Proteus
Spp, E.coli, Staphylococcus aureus HUa1RY nMsAnLeT
(fungus) TonafisdulugUaedldsuenufTuzannoy

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

J Nephrol Soc Thail 2023; 29(1): 1-8

3



4

ognilen uaznay

Frhengann v idufu wneldenagd wariiuse 1A
#ran13n9ald™ wwamenissnen fe nslieuftue
nssfudernelselneifiganisdesios hefTuensden
Fralamavesiauazdnsenuietiades 6 4lug d1den
Andeuunfidounsuuanfiarsanliieands first generation
cephalosporin 38 vancomycin uagd1daufaLATUAU
Iﬁmmju third generation cephalosporin 38 aminogly-
coside Tnprounstukamzitiefinnsanliensounquite
foraduldldfuuaiiSonnsuuinuazunsuaulnglven
slycopeptide (vancomycin or teicoplanin) $2ufiu
ceftazidime %adln133nw1A23LNITAARINOINITVNAGTN
wazasratudaidenvlutiendided 3-5 Yu lufiae
ﬁa&ﬂumaﬁﬂqmﬁiamamiamL%ainﬁu%u 21397315007
THenfinsounquion svzannislissn@ounnseiuly
mdenielsn wazmngieflennissuussnniudeddoued
msinsamianeddladesioseeniiuil msllestuiidfnie
wailavaondeuardslameesieavihfisnluwasmnye
nslienuTruemadudenteunsaneadln’ e e
LUUNT mupirocin "3 gentamycin UINUNIDDNYDIEE
Fousdlinoraseen Idud nmgnsindedeydowies
Uounsa (relapsing peritonitis) msﬁm%m%qﬁaaﬁamas
Andoneluglusduiodosenvesasdidlailinevaues
N133nw (refractory peritonitis, refractory tunnel and/or exit-
site infections) miamﬁﬁaﬁﬁlﬁaqsﬁmﬁad (fungal peritonitis),
nsAndenelutesiios (intra-abdominal infection)’

miamL%@U’%mugﬁmmaaan%amﬂ (Exit site infection)
Gk mﬁﬁmL%@U'%nmﬁmﬁfw%lfsmauﬂgLTJmmnaaﬂmmaw
suddnssroseninafimaluauds cuff dauen Tnefilnss
fistosewinsimisluauds cuff fuen Bendn sinus tract
91MsuEns A Rantlilaesoulidnuazuam uns Sou nalu
waziivues oranuiieife granulation wWinfinldeisess
91314 exit-site scoring system > 4 fglunisusziliunay
Iy

nsfnfeituzianiglusdans (Tunnel infection) e
nshndenannnuiLIgliaduasEs (tunnel) Fsogszming
cuff Mlunay cuff fuen @unsaiudnvaLNToNLEY
yesRavimuuinaeisnuar Ui uas Sou nauiu Wenelsa
DuldrauuadiSounsuuinuazknsuay nsdansaedouide
wazinedevinliannsalieuffugldnssmudeonslse
Tnefnsanduenunadenide fo wuaiiSeunsuuininnsan
e dicloxacillin %39 first generation cephalosporin Wag
wuatiiseunsuaulvien ciprofloxacin siaunusueufdiue

AaNaIEkaz YT INYIEIM 7 Ju mnldneuaues
fan1ssn¥INTULeEween Msinesidanisesndaiy
wagN1sRAeUIMElAaNe vnItadeartusenisinwil
winzaneegnamunisingenialudesiesld n1sdesiu
nsAnliBaINsainlalnenislasueufTiugneuinsans
' v aa & XS v °o < .

SaiuTBUasade msliuieasladnsazy (commercially
prepared solutions) LayNANUAZDIALNANIDDNE 2%

mupirocin "3 gentamycin cream

ﬂ']')ZLLﬂiﬂ“l’ffz]UVI']\‘iﬂ']ﬂaﬂ"lﬂ
(Mechanical complications)
AMzwnsngdaunmeanegdnianulasear 47° fUadudEus

v w ¢

oA o hwiin Usanasmasihendsln uazduiusiuusedu
Yoavipaiifingetu Tnousafudesiiosdinmduiusiurimig
vosthy Ae ferwsugsgaluvinds anadluvinfuuazsiiga
Tuvinueu eranusiuduauRaUninieniedaia laun
MsUmvaINTmtvies MsSaveningiseuans (abdominal
wall and peri-catheter leak) ﬂ?i%ﬁﬂ@ﬁﬁﬂﬂ%ﬁﬂ’ﬂi@&ﬂ@@
awmvaanzunIndau laud aneinslneglusiunislimung
au (catheter malposition) anedndlngaduanieiienie
éuLﬁaﬂ (intraluminal catheter occlusion from thrombus/
fibrin) A1sAATIVANEA19lnIINALLBENETY (extraluminal
catheter occlusion) stAnaniiaidelatiuludesiewde
WA (omentum or adhesions) Wag@1aAnse (catheter
kinking) Imediniinyiaiiioulsn’ AMzunsndouainaluaisie
viauldfivsgansamduamgivinlidosmganiswenla
manthewsedsuisnmstdanawnuladedesay 10°
msuanvesrstesiaaaznsyvastinenseuaednla
(abdominal wall and pericatheter leak) 13:18’1%51%&
PONUONYRIIDINUSDEay 0-40" dnfnlutie 4 dUaviusn
(Early leaks) dannldanednslatadeodss’® ldun nsld
thendslausinamnn ndadendminvesseure wala
AssEsLasiwrlavesasldiunyay dnasiinanas
Tuhweunne omsinuls Ao fhertasevgane ede
SoUTeTtITmALINLAZNEDeNanal N3Sasrerues (Late
leaks >30 days) Sifnsaiuam|didou nmsfnidovesgluad
vseenuas cuff NM5Id9dBeRIN1SdINSI9sERUTIANa
Tusumafithen$duviensiaonsdnouinmes wuans
fiusedsieenaintestios (CT peritoneal scintigraphy)™
ms¥nw Tdun Mstesntwmtivios nsasUSunaiiendnsla
nslfiedesdndlansdonioauuusalud@ uaznsngadsle
nagesiediains anunsatlestuldlnesiumiaes cuff

J Nephrol Soc Thail 2023; 29(1): 1-8

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



Review Article JNST

Tegmssnanandrande rectus nsdnslamsmiiniodluyii
woume MsanUsnaihende 500-1000 fadansroseu
nstesiuldlVindevesmevieniosnansddla vanides
ailAnussiulutosiosgetu wu lo 910 ueunzuas msld
fibrin glue 30 tissue adhesive lunguides’” wagnis
eanelnensdeInaes’

mMssavestheddesUen (Pleuroperitoneal leakage
or hydrothorax) #usagay 1.6-10 wulugvdannnitgune
frialugasusnveinisBudidlanisoios laeiinain
mslarenierinunsandsdidnuasdummmaiion
(one-way valve) laiduiusiutimnaniiendsla auyfgnu
nINNMENEUaUngaY (diaphragmatic hernia) fians
HUTeIIINEUiaNUS nMTo UL ULARA Qs o ane Mg
(diaphragmatic foramina) a1aidulaeidaniudemey
vesmaendonvionendei 1wt osnauiondeun iy
(muscular and tendinous part ) 819nUTMAULANAUAU
Tudesenuaziinnuiugdludesyios :nmenidugnsiidedin
wuiniimnaliserdewenduiedusuusnanseay
Qﬂamzﬁmmﬁmﬁa&maﬂm&JLawwzmﬂdﬁ’lawﬁwaqﬁm
wutherdslauanuiesay 50-90 fniAaduaaanny
fudne® uarliuansernismndinissiusinasies anunse
Aadulalay peritoneal scintigraphy, n13ATI9LNYLTE
ABUTIABS (CT scan), N19ATINONYLITADUNUADINAT
ldasiiunas (CT peritoneography), N15ATIALONGLTE
AAuLmEN v MRI, MR peritoneography, thoracocentesis
methylene bule dye, biochemical analysis JaszAunglaa
wavuanmalutdeUon ﬂ?i%ﬂ%ﬂ%ﬂﬁUﬂ??M‘gﬂLLiﬁ losan
dendrslaldidusunesefeferosten mneinis
laiguuselidaunmneinisuavarunsadalanimtnviosale
(intermittent peritoneal dialysis) d@usnnladndusyune
theenaindesten hazmeldiesiienisinuwnuuusu
Uszapsfovar 40 o1avimsnanuBeriuven (chemical
pleurodesis) mniiluborulentosndmiooinislaiitu
AEN1IINIUUUTEAVUITEABY NINDINTTTULITININTU
vgan1sdslannsresviosuaziudsuduisvonidonse
w3oslafionunu

AsvinusEIraslanisdesiasliaung (catheter
malfunction) wusesaz 5-20 anwau1anaieluegly
funtsfiangan (catheter malposition) Uanganeiiou
PNFMNUNLALN (tip migration) N15WUIBYEIEY (kinking)
LLa:msqmﬁy’umaiuuazmauaﬂsuaﬂm&Jéﬁﬂm (intraluminal

and extraluminal obstruction or entrapment) ﬁmma

nnsnaviuraseienzngly wu arldvsenseinnztaaniy
dedoluifuluteswiosiundsiauniviegatulaisans
myuseesaeuaznsgadiluamenasndensinnus iy
ﬁﬂﬁﬁmmﬁqmﬁgﬂuawéﬁﬂm MMsIuYesEneaalaRaUnd
AnldnanouldinsnduazUassineaonaindosios
(inflow and outflow failure) ¥inlin1sarslaniayorias
Tansnsavhlesaiios dwaliuszansamlunstdanauny
Tnanas® ernsinuldun thenddlaluadwazesnliazen
flonsuinvastdestinen asramuandenndedeluiuiy
Tuthendnsla 3adedronismaaeunnudilunisliuaddi
wazeenvenieddlatesios (rapid and filing test) N3
Mo myNaSsivnatedyios SsanansauennizsieynTuLSe
warsunlsaeRauni mazqmﬁummﬁa@jw%aémﬁam
fnwlaensTdenaarsduden (fibrinolytic therapy) A
tissue plasminogen activator (tPA) Taeld tPA 8 fiaansu
Tdanedndln f9ld 1 Slumdentudraisdioiinie
Frefrdniioidendedmieniigaduluarsdisle o1qld
wUU13u (heparin) 500 gﬁmaammaﬁwmé’wlmLﬁaﬂaaﬁu
Agfnann anzviesyn Snwilasnnslvenszuieiiiel
Fumisaedndlaoglurondangu anznativresiode
lvsiuludesinansednldnarivarednsla Shunlaenisly
d09naneni1nes (luoroscopy) wag flexible guidewire
A1EMsHUsevesats asluegludiumisimungay
mndewreslatsans Snesensedeulnisudseun
Wmizm&meju sorbitol, polyethylene glycol, lactulose
kg non-magnesium, non-phosphorus-containing stool
softener WareN@IuNINs (saline enemas) N5819@"Y catheter
#18 0.9% saline 20-50 Hadans N3l peel-away sheath
dilator 9aelunsld suidewire iiorasuagla n1susn
Fun3deInNdns uaznsdadantTiesdnsnumaeITeu
Lildina anansadesiuldlaenswieniienounsane waila
n1519ane WoansientieUseiliuneuneas” nsteaniu
amgviosn nsliieuduifietestunisgaiuvesans uas
nsliiadesdnslnsnludluluuaifinsAraielurerios
(Tidal automated PD)

ANIZUNINLDUNIULUNIUDEAN

(Metabolic complications)
Dunngfifintuaintendislaniedosiosdeddy

Usgneuvesnglaa siliiAannisunsndoureniinauas

indous saufsnnnznsasnsld Tnstanzlufiieingaiions

lgymmandeusodins’®

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

J Nephrol Soc Thail 2023; 29(1): 1-8

5



6

ognilen uaznay

m’azﬁﬂma”lmﬁaﬂgﬁ (hyperglycemia) sefurina
Tudenu1nnan 200 Tadnsusonadans N1aalanstesvio
aiinisgatunglaadesay 35.3 = 10.5 deseuldiien
wazamztmaluidengamuldfesay 8.6 Tasdiduiusiy
Usinuanuidituresnglaaluthendrdlniias (high glucose
concentration) Tnefmududurenimaninnitludon
10-40 wh FavilsiAnnsgandurestiana 150-300 n¥usiefu
auanAesudut ussiaeddlaiuidening
femspatndIuiueananinenie wasiamwé"@wzujaw,az
n1shevesdugAulasannsaiialdiiluguasuminuiay
Fuaeilildifuuimiuegidy uenniwuindgtinisal
Aowususielnidesay 8 wdniiinnedinage”
wmenssnw semsdanuduturenimaluthende
negnamnzan msliendlaillifandszneuoinglea
(glucose sparing solution ) l¢iLn icodextrin 138 amino acid
wazthendnslait pH unans wiethednslaiitsesiu elucose
degradation products (GDP) W
n1sgayeTusiulutiendnsla (peritoneal protein
loss) Msgaydelusiuganye thendslafiauszana 6.2-12.8
nfuste i’ wanifingetulunngifimasniaureadeygosios
1¢i5lq 48 n3usietu NMsgaydelusiuliduiusivssduneayiiv
Tuden wisrduiuddlofinsiaidruiu (Ultrafiltration)
figetu manegavedusiuduiusiusnmnime n1aifnlsn
N9 lakasnaenldanwarA1IENINIAYUINITEE1ITULT
WUINNNITTNE Ae NSIALUSAUNALVY 1.2-1.5 n3use
AlansusieTu wasdestuliliAnnssniauinidelugestios
seaulnuna@oudiluiden (hypokalemia) gU#
msalsesar 10.3° wuluauldeusiunenidulaziulavey
seeulnunalouindidosndt 3-3.5 fadda3aus/ans
dunusiusnsnsdedinanlsailaas vasndonieiouay
49 wasiiineudowesnisindoludesios nalninen
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Drug-Induced Acute Interstitial Nephritis

Chumphon Sirisuksakun, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital

Abstract

Acute interstitial nephritis (AIN) is an important cause of acute kidney injury. Antibiotics, proton-pump inhibitors,
and non-steroidal anti-inflammatory drugs (NSAIDs) are relatively common causes of drug-induced AIN. The
pathogenesis of drug-induced AIN involves an allergic response resulting in drug hypersensitivity. The typical
triad of symptoms, i.e., rash, fever, and eosinophilia, is only found in 10% of the patients. AIN develops weeks or
months after the initiation of the medications. Therefore, drug-induced AIN should be considered in patients with
unexplained acute kidney injury and subsequent tissue diagnosis is required. The principles of treatment include the
rapid removal of culprit medications and considering for initiation of immunosuppression to reduce chronic kidney
disease progression. To date, the efficacy of corticosteroids for treatment of drug-induced AIN has been evaluated
in only observational studies. High-dose corticosteroids should be considered in patients with high-probability of
responses including the history of recent uses of the responsible drugs, and mild to moderate interstitial fibrosis
from kidney biopsies. Corticosteroids should be discontinued if no meaningful improvement in renal function after

8 weeks because they may potentiate adverse reactions without adding more benefits.

Keywords: interstitial nephritis; pain killers; AKl; acute kidney injury; nephrotic syndrome
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tatudedinalnnsifn drug-induced AIN 1uUfAzen
N19MaVaueIvedsInIgliiunes) ¥30013LANAINNTT
deoszsuuglaussuouinulusinievesiUiens lagaime
AdodnAnanaiglfzenimevaussvessaniglaiiu
eeniesainddnvuziduvedlsaldun’ wueinisuanives
VRS Rdufu W flu Auaufiv 91n15uiuuU anaphylaxis
uag serum sickness lainufeSuneduiisaunaueiains
wansveeUfiseadAuiuainauaudivedsn seesian
wansemsvdsnnlauandlugiinnely 7-10 Ju nsdien
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wdnaeidumsusznoudsdouniinuaniinszduszuy
Qiiduiuresseney ssiulddnfiivanewmenaaduayudi
gannsansziuszuugiuturesemeliansds viwndu
wfemsvhauvesszuugiduiulussnenistu uavamali
Wnnszuaunsenaunua Tngnsiinnssuiunisaiiulug
drug-induced AIN @snsauvsldifuanuszes’ fall

srazfifinisinauanaufiou (antigen-recognition
phase)

Juszeeiifinnsinaveneuuliiudaidenivia
Helper T-cell Tagnszurunisiintuilefneufiou wie
hapten gnnsessilnawesda ddluiidfde luanavessn
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Osteopontin, Laminin, Fibronectin Wudu Iﬂﬁlmmmaqﬂ
nalnnsiinlsadaguil 1

@ Hapten
Q@O Carrier

= a
Brotain JUN 1 uansnszuiumsialinlnig

Beunduanmssniauveniiofedn
\mefitinainen (Drug-induced acute
interstitial nephritis) fnLUasan
Raghavan, R. et al.’

MHC, major histocompatibility
complex; EMT, epithelial-mesen-
chymal transition; MCP-1, monocyte
chemoattractant protein 1; MIP-1,
macrophage inflammatory protein 1;
NO, nitric oxide; ET-1, endothelin 1; |

- cHEMOATTRACTANT ~ CAM-1, intracellular adhesion
MCP-I, MIP-1
Rantes, Leukotaxin molecule 1; VCAM-1, vascular
VASOACTIVE
Adenosine adhesion molecule 1; IL, interleukin;
NO,ET-1
- ADHESIVE TGF, transforming growth factor;
ICAM-1, VCAM-1

GM-CSF, granulocyte-macrophage

Integrins, Selectins
PRO-INFLAMMATORY

IL-6, IL-8. TGFoL colony stimulating factor; PDG,
GM-CSF, PDGF-B, TNFa. .
1 cytoToxic platelet-derived growth factor;
MP, TIMP-1, ROS )
TNF, tumor necrosis factor; MP,
microparticles; TIMP-1, tissue
PRT%FFIEROTIC inhibitor of metalloproteinase 1;

PDGF, IL-1, IL-6, TNF
PAI, Osteopontin
Laminin, Fibronectin

ROS, reactive oxygen species; PAl,

plasminogen activator inhibitor

- J Nephrol Soc Thail 2023; 29(1): 9-21
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INTTUANINIIAAUN

91N15LEAINAATNUDY drug-induced AIN fanwuy
91M1VAINTANY WasiVa18sEAUAINTULSY TABEINITD
flonmssausszduanuuusuielifiennis Tnensaany
MnnssIadenviedaaninuniminty auissyduning
Juusgeiinliidaanzesntosas wiedudusdedldsy
astUanauwnumslale Ingdmsueinisuans a@unsauus
panlmduenisianimiale wagenisuansuenia

g1msuananiele gUrsdnlnginnglannedeundu
yiladaazeanuniuinnintaaizesniey agelshniu
?Tuﬁmsﬁumm;mmsumbﬂ as1anuLialdenvieanin
Tutlaaniy (leukocyturia) eranuidinidenunslutaaniy
(microscopic hematuria) $936178 waesinfinnaglusiusa
lutlaanigluu non-nephrotic proteinuria JU3edutae
winduinunazidensenlumaiuiiaan: wielusiuda
Tullaazuuu nephrotic-range proteinuria’

omsuansuenlanulavainrane waznudueinissiu
vaslsaunna1siulussninseunazsin Tnge1n1suans
wanlaUsznausie 14 sewnds Uindlosmuds tinde uaz

Jooniau Wudu lnseusazsiineaiinnuiimizaosinis
uansuanlawanaeiu nguen rifampicin, sulfonamide,
allopurinol, phenytoin Wag clometacin 81ANUANMEHU
SNLEUTINAIY 81 mefenamic acid 91ANUDINITVDITZUU
N9AUDINIT 81 rifampicin, sulfonamide 813WUNIE
WinldeaLAIuAn (hemolysis) &1 rifampicin 813WUNIE
niadens e allopurinol uag phenytoin gnanuiiuaen
(exfoliation) Eﬂﬂfcjzu fenoprofen, indomethacin, diclofenac,
allopurinol wag thiazide ®19WUNITWADALADADNLEAU
&1 phenytoin e1anunmzndiesniauntesoutvaods
¢ Wiy asuludnvugoinsuenlaiinulusudazaie
mums1eil 1° egrelsiniuennisdenans lddienisle
fisnmzifisineasldifedy drug-induced AIN Tasnas
wuens 3 ensiidudnuaiawzvedsei a1 iy waz
amziiaidenuniviin eosinophil g Auaniernisnionriu

o

Ygiinnnglanenuledeaenindesay 5-10 WYy

11,12

uAANYUYEINITUONlATenaY19uIuen drug-induced AIN
Ape1nsld uavemsiunildnwaeaall

A9199 1 91N5IMNAUNUSAVLIABIUBIAU drug-induced AIN?

Drug class Associated clinical features
Antibiotics
p-Lactams Fever and rash, eosinophilia, eosinophiluria, and pyuria

Sulfonamides

Fever and rash, eosinophilia, eosinophiluria, and pyuria

Fluoroquinolones

Eosinophiluria and pyuria

Rifampicin Fever and rash, eosinophilia, eosinophiluria, and pyuria
Erythromycin Inconsistent pyuria
Vancomycin Inconsistent pyuria
Minocycline Not applicable
Ethambutol Not applicable

Chloramphenicol

Not applicable

Antiviral medications

Abacavir Rash

Indinavir Eosinophiluria, crystalluria
Atazanavir Crystalluria

Aciclovir Crystalluria

https://he01.tci-thaijo.org/index.php/JNST/index
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Drug class ‘ Associated clinical features
Anticonvulsants
Phenytoin Rash, inconsistent pyuria

Carbamazepine

Inconsistent pyuria

Phenobarbital Inconsistent pyuria
Analgesics
NSAIDs Edema and congestive heart failure,

hyponatremia and hyperkalemia, nephrotic syndrome

Selective COX 2-inhibitors

hyponatremia and hyperkalemia, nephrotic syndrome

Edema and congestive heart failure,

Gastrointestinal medications

Proton pump inhibitors

Rare rash, inconsistent pyuria

H, receptor antagonists

Rare rash, inconsistent pyuria

Other

5-Aminosalicylates

Rare rash, inconsistent pyuria

Diuretics Rare rash, inconsistent pyuria, hyponatremia, and hypokalemia
Allopurinol Rare rash (sometimes severe), inconsistent pyuria
Captopril Rare rash, inconsistent pyuria
Interferon Rare rash, inconsistent pyuria, and proteinuria
Ciclosporin Rare rash, inconsistent pyuria, and hypertension

Antiangiogenesis drugs

Rare rash, inconsistent pyuria, hypertension, and proteinuria

9111514 WHusinisuansuenlafienanusudlsvie
Ll Tngialuaglifiernisldlungs drug-induced AIN
21181 NSAIDs Waznguensin@esiin non-p-lactams
awwuonsldliiedenas 50-100 lunduensideeyiiusues
wufi3au Ineawizenufizau (methicillin *Taeilofinnsan
Pnaveavsnianssosiliae AN wuemsldldszana
Spvay 30" nsensiiinvdningiludnualdm q wie
anuazligaduin o uazdnlvaiinnielu 2 &anindsan
g1 sgelsAnuoranuldidnldiinneluldddalus vie
laiffundsnldsuen nsdiiiginenslésueniumnnou?

9 iy wudeatue1n1sld enanudunilddueinis
wansuenln Tneanunsanulddosay 15-50 waztuiuring
TnodaulngwuiususelungueriivinliiAinenisust
(hypersensitivity reaction) Wug1nguoyRusvewNiaay,
sulfonamides, allopurinol, k& phenytoin [uau Tnsdnwes
Audnngifudnume morbilliform wie maculopapular

v
=

FuAivsua1da wiausanviuisuusadudnvasrgn

aenvasuRInwdn toxic epidermal necrolysis %38
Jusnvanduiiuunsia 9 (diffuse erythroderma) il
wuluen allopurinol” uenisiuldlnefieglditadelsa
iosnnnuineruneiin i 81 NSAIDs vioenannsnnsziniz
onsenalinuonsiuusiasdulsnuinguuse
N39TIINisUURNT

Mniinanludiedu fUieursseenanudnuusinung
mavesfiRmsiidnleiulsat Tnsamnsoutsmsdinsied
trglumsidadodou®

N13A3I3L580

wuhAnuAaUnAvesnsnsIRduiinuliuosanluguae
drug-induced AIN Aenisilsziiveie uazaswoiifiuluiden
Wintu Tnsdulngasintunigly 7-10 Sundsanlasuen
ﬁLfJumLWJ (culprit drug) uaﬂf-\mﬁmﬁlwumadwLmalﬁ?jﬂu
Twdongs swdunnzanudunsaluidendinaslsdas
(hyperchloremic metabolic acidosis) Fuinannesanin
wanuInvialauag tubulointerstitium fthedntogarany

J Nephrol Soc Thail 2023; 29(1): 9-21
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anvaueANEnUNAveIN1TTuganduIndeusveviale
Feliduiususeavausunssvedtsnlamedoundu Jud
yiavesiiduannnveslsa lasdnuvuzaiuiaund
pnanullu salt-wasting nephropathy AuRnUARY8IA"S
Junsn (renal acidification) v¥en1stulnuva@ey A
Anunfveansyisuganduindeusvesieladiudu Jse19
ailulsaidudnwely Fanconi syndrome® amzidinldanu
wiln eosinophil ge 1uaruAaundfidudnvasianis
vodlsntl uazenanuldaisforay 80 nadiiiinainenahide
nga p-lactams usenanulids 1 lu 3 vesedTonga
non-B-lactams AuAnUnfsuiionanuldgy seaudsy
wouRueAUlad (serum IgE) gjnéﬁu N305¥AU erythrocyte
sedimentation rate (ESR) QﬂﬁﬂwaﬂﬁﬂﬂizUQUﬂ’ﬁﬁﬂLﬁU
wsansruunswimulalugtheunene

n13nsdaaz

msnsandaanzanlngnulusiuiludaannzan urine
dipstick test luszsu 1-2+ duiusiuviinalusiusriiaen
WeBaN U aviala (tubular-range proteinuria) ©19R$19
nulinidesunslutlaans lnvalwgnulatosniniesay 50
wignanuldunntuieiesay 90 nsdliininerusialag
ianzesidendy p-lactams Tngtams methicillin dautios
winjuiinudnvazidenoonludaansfdiulddenidad

asranuiliaidenviludaanie vsenududnuaurnznau
Wadonviludaannzla lnelunsdfinunznauves
iaLdenu1a (white blood cell cast) luguheflaifing
Aadolumaiuliaanzasings drug-induced AIN Tng
wuidaidenvnlutiaans eunnselunsdiiinaine
methicillin ag1glsAmueranuilindenviludasny
YosninFovay 50 veuftheiitannganewindu dnuasy
Wadenvafinuludaanny wvindusiin eosinophil
(eosinophiluria) agdinulinagausnniglunisiiiady
TsaUszanseuay 67 way 87 muaisu'™’ sdeuandlu
a159f 2° msfoudaanzainfivisdendt Hansel stain
Fredinanulilunsasanudadentiaia eosinophil
Tudaane uwalddnaneaiiuhlun1sidadelsa wazfas
sednse¥ilunisulana eosinophiluria Liiesainenanuls
Tulsaduldun nszmzdaanizsniay nuladnau deu
gnvsndniay lsadudongadulunasadenln Tsalaine
BeunduiiinenneSanmaeaadvieln welsanissniay
vaslnaesaasuiuiinisvinureddaunnssudsundu
(rapidly progressive glomerulonephritis) @1%5UN1591573
MaTziaiivaslaanizauy USunadnaeis wasANuILLTuUe
Haanzldfiunumdrdaiitriensiteselsail

A5199 2 Uszansnmnislinsasianudindenynl eosinophil lullaasiiiediiads drug-induced AIN®

Reference Patients (n) | Sensitivity | Specificity Other diagnoses

Corwin et al. (1985)" 65 88% 52% « Urinary tract infection
« Radiocontrast-induced nephrotoxicity
« Chronic kidney disease

Nolan et al. (1986)" 92 91% 85% « Acute tubular necrosis
« Pyelonephritis
 Glomerulonephritis
« Rapidly progressive glomerulonephritis
« Prostatitis

Corwin et al. (1989)" 183 63% 93% + Acute tubular necrosis
« Urinary tract infection
« Diabetic nephropathy

Ruffing et al. (1994)" 199 63% 94% « Glomerulonephritis
 Chronic kidney disease
 Pyelonephritis

Total 529 67% 87% NA

Abbreviation: NA, not applicable

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

J Nephrol Soc Thail 2023; 29(1): 9-21

15



16

Jsquana uazmaly

nensannla
nsnsrddadedudeladunisnsiaisndudmdu
msitagelsalnne@eunduain AIN lnenudnwasueasad
neladniau (tubulitis) auAuNe1danmees interstitium
Aduldfanisuan (interstitial edema) n1sUNsNTNVD
wad (interstitial infiltration) WSaWaia (interstitial fibrosis)
Fuiuszozvedlsn TnglinuanufinUnivesvasndenuas
ASWNSNTUYBLAE (interstitial infiltration)
Usznaulumewadilindenu1 lymphocyte Wag monocyte

Inawesda

\udnulveg) Fse1afinisurUuvessad eosinophil, plasma
cell, neutrophil %38 histiocyte SauA28 INAITANY
donfiauiloszyviiaveswadfiunsndalugtas AIN 91081
NSAIDs wagenufdiueyiln p-lactams™® WunITUNINTUTDS
waa (interstitial infiltration) vl T lymphocyte Seuay
71.7 Usgneouluse CDA* wag CD8' T lymphocyte Tudnau
WU monocyte Sawaz 15.2 waz B lymphocyte Souaz
7.4 sgrslsimunsnuwad eosinophil Usu1ai1nena
UIUBNANEMARINGT 30N INUAE neutrophil Usunaunn
o1tswendsnsinidearnuunaiide Tnegihe druginduced
AIN eNUSNYULNITUNINTUVDILad LA Nnvia Tagy
drlng/linuwad eosinophil Tnsamgluseiinaine
NSAIDs wenainilenanudnvasn1sunsnduvouead
(interstitial infiltration) Wil epithelioid histiocyte ﬁi’smfju
Judnwar non-caseating granuloma @ewenlylaain
granulomatous interstitial nephritis mﬂmm@fﬁu 9
witdudsiivsvendanennsailsaiilid dnvazeougad
violasniavaznunisdniavuinadubeyldieadviels
(tubular basement membrane) lngnsunsnduvesgaa
(interstitial infiltration) Fsd2ulngUsznavludae
lymphocyte srufunudnwazvaInsuInlduaaialn
wu luminal ectasia, cytoplasmic simplification, irregular
luminal contours, prominent nucleoli, loss of brush
border, Way apoptotic figures ﬂﬂi@iaﬂ‘ﬁULﬁaiﬂﬂig
immunofluorescence Waz electron microscopy @l
Juun@ elilenelunisidadelse wnnunsinensisouas
flusiatubeyldwadviela (tubular basement
membrane) d@ulngnululsagiduiusenuiaauinni
wu lndniaugla Sjogren’s syndrome 38 1gG4 immune
complex tubulointerstitial nephritis uAnTTIBUINULAG
fifinshnansidonamosduylulnayduiivinasubeyld
wadvieln (tubular basement membrane) lusteiinain

g1 methicillin®

LUINI9N15IN5A

myitadelsalaneieunauain drug-induced AIN fig g
rifumnuedlsa (culprit drug) Inefiansananneuives
nsiAalsraneeiatiu UsyIinslésuenounth sesie
fiffinglésuenouinenns suivormauansduiionaustie
p1u1eUszan wazfisnsanmsasatuilelalusefiilsale
Nelinsvang lunefiideralunisiangln e1afiarsands
nvaunule Gallium scintigraphy Inefinannisiagendanis
n33aN13AduansSeduiln gallium vaslafian 48-72 dlua
Tnathmnendnvesnsnsaaviind deusnlsalanoBoundu
acute tubular necrosis flazlimunsgaduanssed eenan
Isalaeidgunauain AIN

WUININTTINTN

nssnwIUUaYSNY

ns¥numdniidrditande nisduAugiiduainng
AelwiAnlsalaneidsundu iengagifinaaliiadian
Feorvhlsienn iesanithednivglldsugmaevialunm
TndiAssiu Fafudosordedoyanieadindumu seenan
\Aomsnanseslsandsléfuefiasdeinduaing 01ns
Lansspatinvenanisnsaamaiesl fuanisiienanuld
vesanegnfiasde ddlunsduduringuazvgnendineliin
Tsammhnely 2 d@ani esanmsdnuilsatnagiinung
TselniSosdlusssomldfviosay 36" lumaufifnismgn
grauniigagldsulunanlndidestumnlaifaruduiu
dedlden agrdlsinumngUaefinnudndudedddsuen
fasdoinoraduainn saufueinslaneegluseiulsisuuss
oafansavgaeniiarffiasdonniiganou Tasfiansan
fegUAn1sainisiinlsAveseusiazyia uanaNiAIs
sedfnszfanisldenlunguduiiansainujisenniidudy
alAiu 5¥NINNJUYT cephalosporins Wag penicillins
gurazvialungy NSAIDs wienielungueniid sulfa ring
Wudwusznaululassadne wu e1ufTaus sulfonamide,
guiaanizaiin loop diuretic, thiazides, 81 dapsone wa
endunsnginmieliaanne sulfinpyrazone tJusiu

n3snwigenaniduiy

nnalnnsifelsn Jadunaainmsnszduszuugiiduiy
AflavnaneniliiAnnisneuausivesianielufusios
Jsunumnsldaiiosesd ann1s@nwiesuseansam
vesmsinwimesenaiesesn aulvaidunisanwrvuiaian
Wivdeyaainaudideissgudiiies :nnsfinwLuunnass
duawnlng uarinsgideyawuumansiulaglilifiansan
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Uadumueuiifinadenisinu vilvioraiineunaiaiadeu
Yowan13ANY Fadnrinveamsfinuwu nsiansaundents
gaiieseangnimualaewnmddsnen Llatinguinaeiiden
fheiidany viliAneadlunisideniiieiinsinu Tag
dnilngidonldonadosesdlunguitoifszduasueiidu
Tuidengs wifinnsanlaldolunguiilsalsisuuse enavinly
nansanudieadlulumeiivilvisraiesosdvilnAnlnld
Tnganuisaagunanis@nwiuseansamnisidenaiiesosd
suatesiaesusazmsinudal

nsfnwves Clarkson et al' sifisilul a.a. 2004
susiuteyaftas druginduced AN filsiFunisinulag
nsltenadesend TnsAnwideundslufinedliunismia
FuiilenalafildldfTdnvaenisdnavilnamesda uio
fanznselesnausiuimey lnglSeuiisunanissnweie
snadesesd lnegunAasueiiduluidendl 1 Weu 6 ieu
way 12 Wou Lunuauwanssvesriaswefiiuluiien
TunduitldSuenaifiesesd aurunguitlailéen Tnglunsfinuid
52y71 drug-induced AIN fgriifuannadaiauninnid
Yovay 90 ogslsfinalunmsdnulalldszyilimgnefiade
duaugnielifinaila suiisreznatudusiionnis
voslsruisnsidsuanatuidemilafuszeznanuuiou
2-6 dUninasiiannis

#oan Gonzalez et al.’ IARuiNANSANYTansatudm
Aun13AnY1vee Clarkson et al.11 faUsgAniainves
prafiesouslud a.d. 2008 lnensAnuailadinisseyen
Aduavg uazszoznamgaeidenandaiou lnge
Aduammdnlnaidueufuzdovar 54 Tunguillssu
rafiososd uavdesas 67 lunquitlildsusaifosoud
wazen NSAIDs $eway 35 lunguilldfusafesend waz
Yoway 33 Tunguitlild3uenaiesess wuinsildsue
afivsesdanszduaiuofiiuluideavdvduganisinuiuas
8n31N15lasun1surdanawnunislanlgisnenidenanas
ogsildeddynieana TnensAnunifldnudadeddni
Wuddmuauszandamuesnissneidiseiaiiososs
vdmgaeiduaivg AeszeznaimsFudnwiseealie
seadmstasuniely 1- 2 dUamideasivsednsnmnissne
Annshalden vuzfetumnlasueaiiesesn 41070
34 Ju viseusa 5 dUansi agvilvinnsvihauvesialindud
Tn&issrounafindulsn venandmsdnuiiudulungy
ldsugaiesesduaziinisnevaussiidfon1nisvinau
vodlaftuhifurisrowdalan sefuamuguLsenInAn
WaRla (interstitial fibrosis) Wee IgURUNGUABUALDIABEYN

Ao soanliauysal AoAmsvieuedlafty uadising
FINoWAALTA AIINTULIIVBINTITAANIRA (interstitial
fibrosis) gend Famsiaisinveaioodoinela (interstitial
fibrosis) 1uAsfivsuanieszaznainisiinlsadonadaaiy
wansenendinun mslienaiissossigwilinsnevaues
AomsSnwndinnin

m'amﬁ%ﬂ'wm&Jmﬁﬁﬂmﬁaﬁfuﬂquﬂis%w%mwmi%’msn
feealfiusesn 1ng Raza et al.® Wu31 N1SSAEIAIEEN
aiesosiinlisnnseweslafituedediod fynieadi
wsildnuauduiugseninsdnsinseswedlaiazuiunis
fasansulisnafosesrnantn Sednudstunanisinuuves
Muriithi et al? swudn erafesessiiussloviflunssnwm
wazmsdnwilaevgaiiuaivg wasFildenaiesosdarin
axvilinanissnwanas Tnenuinisisusnaiesessniely
15 31 30 U wag 130 Ju dUNUSAUNIIRDUAUBIRDEILUY
auysal Mnevauesoewuuliauysal uazlinauauawie
PINUAINU denndedlUiuNan1SANYITEY Gonzalez et al.’
Taedanuin nMsasranungBanmuuy granuloma lutuiisla
Fuiusiunmsmauaussseeiilals

Yenani wan153nwIRBenaResesslusE ez
Anudnduszansam lne Prendecki et al.”? wuinguae
drug-induced AIN #ildsusnaiivsens Tardnsnsosvadle
# 2 Diiutu wavdnsinistidanaununidlaanas 3
SE88IaINS A SUNaLRESR A NMAIN AN ERILE
1 dUniaudis 5 U Tneflinansvesszagnaniigtaelesuen
Adusend Ao 6 Wweow  ad1elsAny Valluri et al.?* 1o
FRNNNANIIANYIDIUTEEANS AMNANIT N IAI88ELRETOUA
Faudsfunisdnudiulug nanfe nquiulsilasu
gralfgIeunlansinisnavaussuvanysal luunneig
funduiilsildenaiososd Inedodiniddgyuesnisfnmil
fo fuatlunguiildSuenaidesesdiiiiasuofiduludon
dastuiiganinngulallée wasithednlngunnifesas 86
flamglameunuiunii 3 dasiauly

nsfinwanandfiuilud a.a. 2018 Ing Fernandez-Juarez
et al? Fafldwnugfielumsdnu 182 519 Fodnildnau
wingaLiisuiunisfnwnountnd Tasguaglunisinuniien
rswefituludoniigeiiandsuaion 5.7 un./ma warddndau
FUhelaneiildsumsdrtamaunumaladesas 19 §Uae
dutiosinduiitioinsuansesnisul asrawudindesunn
%iin eosinophil Fuludeauszunas 11w 3 e 1 1 4 asrany
dadenunlutlaanizszann 3 Tu 4 asranudinidenuns
TulaamzUszananimie natuiloladlngie Usvann
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pimilaidnunzteinludodedaneylalisuussdodosndy
Yovaz 25 Uszannudosar 30 ldannsnszyviaeiduaing
¢fenansveanmangaeniduanved 11 u fleemun
Tunsfnuilldsunadesens Tngldsunadesenduuings
agatlos 2 dnvineuuiuanuunn wulgthednlvgSouay
87 movaussraILUUANYTaiuaziuylianysal fifies
Yovar 13 flinevausssienn lnsUaedifinsnevauss
wuvanysalfidaduiieildsueadosesdaely 15 Ju
vdslisunsitedegeaninguitinevausssienn Aedesas 70
WieuduFesay 29 muaiau nstasuenabieseunlurung
wselasugnuuiund 8 dUanildfianuduiusiunisney
auasiiuniy LAzINMTIATIZINYEILYT WudnsEy
grafissensant waznsnsanuisiinludododanizla
(interstitial fibrosis) 1nnninosas 50 A NIAEIYEINT
Snwdenslunevauewsiosnafiesand 1.02 i1 wag 8.7 win
puaIey ogetdsd1AYN1sana ARANIANE IR
fedesiulszansnmnisine druginduced AIN 1ag
erafiesegdarnnsaasuwaziUsoufisunanissny,
TuusiazauAdesmseil 3 uenannafesesdddidoya
ms%’nmé’wmmqﬁ%ﬁwﬁmﬂu mycophenolate mofetil”
Fefidoyanisliodsnulsalanedesunduain AIN 20
vanganvngmdsavnane agenafiansanluseidosnis
Aesathafsnnsiioraifosess vielineuaussionts
e aFYTess lngauingn mycophenolate mofetil
fldlunns@nuide 500-1000 fadnfu Juusemiueiuaz
aosaan wudruaslunisinuiinisiauvedla ity
vidoasil

1Y

nsshwidsenagiauiy wiludegdudslaiiinisfnw

'
oA

Tugduuunisnaassuuuguiingualuaufsuseansamn

q

n1sldernagiinuiu uwinansAnwludagiuaiunseasy

v
=]

Wukumianissnelesedl Tsalaaeidsunduann AIN

asdunislunsitdadensnlsavesfuaefidaizlang
linswang meudsanmsinvidostuniely 5-7 fu
shemsmgnenilidnduriesaiuamnuestsa mnlineu
aunsmrsinnsaasatuilelafielildnisitedulsad
gndeuazsIngy winldsunsidedelsalanedeundu
910 drug-induced AIN 91nmsnsaatuiioln assulinig
SnwisneafeseEn A1MNTNsTEEAINSALTULI AL
LAy 3 dUandh warlifinmeisiinluideBeBainieguuss
fiansanldsnadosesduuings wavasenliognatosuseunn
4-6 dami ualiiiu 8 dUavimniinisneuaues uaveAoy
HINTUIAALININEIRY AITHINTUINEALIARETRER 138
fiarsnn1ssnudaedsu wunslden mycophenolate
mofetil 2w 1-2 ndusiodu winlununisnauauesesn
alfsessuagievdimsinui a-6 dUnivdslisuen
Tnganunsaaguidusumemaidadeuazshvinniglsalane
Beounduann drug-induced AIN Fausugiiil 1

unasy

Lsalanadounduain AN Jenduanwaudnveslse
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Fluid Resuscitation in Critically Il1 Patients

Suphanan Phisalwut, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital

Abstract

Fluid resuscitation is widely used in the emergency department and critical care unit. To prevent acute
kidney injury, intravenous fluid administration restores effective circulating volume and maintains renal
perfusion. Conversely, fluid overload strongly associates with adverse outcomes in critical illness. Therefore, the
etiology of acute kidney injury, volume status, the type and amount of fluid should all be taken into consideration
when fluid treatment is considered. There are ongoing trials on different types of fluid therapy and their results may
influence future management. This review addresses various aspects of fluid administration in critically ill patients
including the type of fluids as well as the potentially deleterious effects of fluid overload on kidney function and

patient outcomes.
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Multiple electrolyte | Isotonic electrolyte

Variables Human 0.9%Nor- Lactated Actated . )
/Solutions plasma mal saline Ringer’s Ringer’s Injection solution
(Plasmalyte-148) (Stereofundin)
Sodium 135-144 154 130 130 140 145
(mmol/L)
Chlorid
orae 95-105 154 109 109 98 127
(mmol/L)
Potassium
35-53 - q q 5 4
(mmol/L)
Buffer Bicarbonate Acetate27 Acetate24
- Lactate28 Acetate28
(mmol/L) 23-30 Gluconate23 Malateb
Calcium 2226 1.35 1.35 0 25
(mmol/L) o ’ ’ ’
Magnesium
0.8-1.2 - 0 0 1.5 1
(mmol/L)
lali
Osmolality 288 286 256 256 271 287
(mOsm/Keg)
@) larit
SAEE 308 308 273 273 294 304
(MOsm/L)
pH 7.35-7.45 a4.5-7 6-7.5 6-8 4-6.5 4.6-5.4
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Renal outcomes in membranous nephropathy
with preexisting diabetes mellitus
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Abstract

Background: Previous studies have described prognostic factors for worse renal outcomes in membranous
nephropathy (MN). The impact of preexisting diabetes mellitus (DM) on renal outcomes in membranous nephropathy
is less well characterized. The present study explored the influence of preexisting DM on renal outcomes in patients
with MN.

Methods: This is a single-center retrospective cohort study that included all adult patients with biopsy proven MN
between 1 January 2001 to 31 December 2020. Patients were categorized into 2 groups according to the presence
or the absence of DM. The composite outcomes of end-stage kidney disease, the decline in estimated glomerular
filtration rate 240% and death due to renal causes were compared between the 2 groups.

Results: A total of 114 patients with biopsy proven MN were identified. Most patients (70%) were diagnosed with
idiopathic MN. Sixteen patients (14%) had preexisting DM. Diabetic patients were older (60.6+10.5 years vs. 51.1+16.2
years, P=0.025) and had lower prevalence of hypertension (2% vs 50%, P=0.005). At baseline, the amount of urine
protein, pathological findings, and the rate of remission were not significantly different between the two groups. The
median follow-up time was 2.9 years. The composite renal outcomes occurred in 27 patients (18.8%). Univariate cox
proportional hazards regression analysis revealed pre-existing DM as a predictor of higher composite renal outcomes
(Hazard Ratio: 2.60; 95% Cl: 1.09-6.22; P=0.032). The association between preexisting DM and outcome was lost after
adjustments for age, sex, hypertension and renal remission status (Hazard Ratio: 2.24; 95% Cl: 0.89-5.67; P= 0.09).
Subgroup analysis according to the etiologies of MN demonstrated that pre-existing DM was a predictor of poor renal
outcome among idiopathic MN (Hazard Ratio: 3.27; 95% Cl: 1.22 - 8.78; P = 0.019) but not in secondary MN.
Conclusion: Preexisting DM in patients with MN might be associated with worse long-term renal outcomes. A larger

population-based study is required to ascertain these findings.
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discovery by Beck and colleagues turned the page on MN
diagnosis. Not only does this marker help us understand
the autoimmune natures of primary MN’ but it is also used
as a diagnostic tool instead of a kidney biopsy due to its
less invasive nature and high positive results at 70-80%.
Although nearly 30% of untreated MN patients could have
become spontaneous complete or partial remissions of
proteinuria over a 10-year follow-up period, approximately
20 - 30% had remained persistent nephrotic range
proteinuria and progressed to end-stage kidney disease
(ESKD) thereafter®. Therefore, it is essential to identify
groups at substantial risk of developing poor renal
outcomes. Nowadays, many factors were identified as
prognostic markers of disease progression, for example,
age, baseline serum creatinine, and remission rate’’.
However, Diabetes mellitus (DM), one of the prevailing
causes of chronic kidney disease (CKD) and ESKD
world-wild®**°, was less to be known in terms of its
effects on kidney outcomes in patients simultaneous
MN. Additionally, MN in the diabetic population is not
uncommon. A retrospective study of kidney biopsies in
1,604 Chinese patients with diabetes found that MN was
the most common kidney disease other than diabetic
nephropathy''. This condition might pose a therapeutic
challenge regarding glucocorticoid administration due
to the risks of hyperglycemia and infection. In Thailand,
diabetic nephropathy was the second most common
cause of ESKD and hemodialysis'”. The findings raised
concern that MN patients with DM may have a greater
detrimental effect on renal survival than MN alone.
Therefore, we conducted a retrospective cohort study
to demonstrate clinical profile and compare adverse
renal outcomes between MN with preexisting DM and MN

without DM in Thai population.

Methods

Study participants

This is a single-center retrospective cohort study in
a tertiary care center, Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand. The study included adult
patients aged 18 years old or above with biopsy-proven

MN performed between January 2011 and December

2020. The biopsy results were confirmed by the renal
pathologist. Patients who had secondary MN from
lupus nephritis, underwent a kidney transplant, or a
follow-up period of fewer than 3 months were excluded
from this study. The Institutional Review Board of the
Faculty of Medicine, Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand, approved the study
protocol (approval number: MURA2021/315) and the
study was performed following the principles in the
declaration of Helsinki.

Outcomes

Primary outcome of the present study was the dif-
ference in the composite renal outcomes of ESKD, eGFR
decline 240%, and death from renal causes between
patients with and without preexisting DM.

Data collection

Baseline clinical profiles and the pathological result
were collected manually from electronic medical
records. The clinical profile included age, sex, body mass
index (BMI), systolic and diastolic blood pressure, cause
of MN, and clinical manifestations. Laboratory data also
collected, including serum fasting glucose, HbAlc, serum
creatinine, estimated Glomerular Filtration Rate (eGFR)
calculated by using the 2009 chronic kidney disease-EPI
creatinine equation, glomerular hematuria defined as red
blood cell in urine = 3/HPF, 24 hours urine protein, urine
protein creatinine ratio (UPCR), serum cholesterol, serum
total protein, serum albumin and anti-PLA2R antibody
(aPLA2Rab) at baseline. Serum thrombospondin
type | domain-containing 7A (THSD7A) antigen was
tested in patients who still had been followed up at
the hospital.

DM was defined as fasting blood glucose more than
or equal to 126 mg/dl, or HbAlc above or equal to 6.5%,
or treated with the hypoglycemic agents. Hypertension
was defined as systolic blood pressure > 140 mmHg or
diastolic blood pressure > 90 mmHg or treated with the
antihypertensive agents. Complete remission was defined
urine protein less than 0.3 grams a day and a serum
albumin level over 3.5 g/dL. Partial remission was defined
as a decline of urine protein more than 50% from baseline

and the amount of urine protein does not fall between
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0.3 and 3.5 g/day regardless of serum albumin level. ESKD
was defined as eGFR < 15 ml/min per 1.73m’ or requiring
renal replacement therapy.

Pathological data included light microscopy,
immunofluorescence, and electron microscopy.
Characteristic pathology of MN, including glomerular
sclerosis (global sclerosis and segmental sclerosis), as
well as mesangial or endocapillary hypercellularity, was
collected. Glomerulosclerosis was defined as the
presence of global or segmental glomerulosclerosis in the
pathological section. Mesangial hypercellularity was
defined as the number of cells in the mesangial area
greater than or equal to 4. Endocapillary hypercellularity
was defined as cell proliferation within the slomerular
capillary lumina, which caused lumen narrowins.

Statistical Analysis

The descriptive data with normal distribution
were presented as mean and standard deviation (SD)
while non-normal distribution data were presented as
the median and interquartile range (IQR, 25th, 75th
percentiles). Continuous variables were to be compared
by independent samples t-test or Wilcoxon signed-rank
sum test for normal and non-normal distribution
respectively. Categorical variables were presented as
numbers and percentages in which were to be
compared by Fisher’s exact test or Chi-square test. Time
to composite renal outcomes was analyzed using the
Kaplan-Meier curve.  The primary objective of this study
was to determine the effect of DM on composite renal
outcomes among MN patients. If patients experience
more than one event in composite endpoint, only one
outcome was counted for that patient. This objective was
tested by using Cox proportional hazards model. Three

314 3nd remission

covariates, including age, hypertension
status®, were a priori decisions made based on literature
review to adjusting in the final model". The proportional
hazard assumption was tested by time-dependent
coefficients. Results were reported as hazard ratios (HR)

with 95% confidence intervals (Cl) and two-sided p-values.

Statistically significant differences were indicated if P<0.05
for all analyses. All measurements were analyzed using
Stata version 16 (StataCorp, LLC, College Station, TX, USA).

Results

There were 151 cases with kidney biopsy-proven MN
during a ten-year period at Ramathibodi Hospital. After
excluding 25 cases with systemic lupus erythematosus,
10 with a follow-up period of fewer than 3 months, one
with unable to access electronic medical records and
one with kidney transplant status, therefore, 114 cases
were left to be analyzed. Baseline clinical characteristic
was summarized as shown in Table 1. There are 16
MN cases with preexisting DM and 98 cases without
preexisting DM. The mean age was 52. MN cases with
preexisting DM were older than non-DM, with the mean
age of 60.6+10.5 and 51.1+16.2, P 0.025, respectively. HT
at baseline was 45%. Although the number was higher in
MN without preexisting DM, systolic and diastolic blood
pressure did not significantly differ between two
groups. Serum fasting glucose and serum HbAlc were
higher in the preexisting DM group than non-DM as
expected (125 vs 95 mg/dL and 6.9 vs 5.5% respectively).
Primary or idiopathic membranous nephropathy was
a majority in this cohort, accounting for 70% of this
population. The rest were secondary MN, which is 30%.
The number of primary and secondary MN cases were
equally distributed between two groups. Baseline urine
protein as well as kidney function did not significantly
differ between two groups. There were no statistical
differences between two groups in terms of clinical
presentation (edema, foamy urine, acute kidney
injury), other laboratory results (total cholesterol, total
protein, baseline serum albumin, baseline aPLA2Rab, and
treatment strategies) or pathological finding. The results
of the THSD7A antigen that had been performed in
patients, who still had been followed up at the

Ramathibodi Hospital, were negative in all 29 patients.
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Table 1 Baseline characteristics of all patients

Characteristic

Patients with

(n =16)

Patients without

(n =98)

diabetes mellitus diabetes mellitus P-value

Age, mean (SD), years 52.0 (15.9) 60.6 (10.5) 51.1 (16.2) 0.025
Male 69 (60%) 9 (56%) 60 (61%) 0.71
BMI, mean (SD) 24.2 (4.0) 25.2(3.9) 24.0 (4.0) 0.31
Underlying disease
Hypertension 51 (45%) 2 (12%) 49 (50%) 0.005
SBP, mean (SD), mmHg 138.9 (22.4) 141.9 (21.9) 138.4 (22.5) 0.57
DBP, mean (SD), mmHg 81.7 (11.6) 80.9 (9.6) 81.8 (12.0) 0.78
Cause of membranous nephropathy 1.00
Idiopathic membranous nephropathy 83 (73%) 12 (75%) 71 (73%)
Secondary membranous nephropathy 30 (27%) 4 (25%) 26 (27%)
« Biopsy 12 (40.0%)
» Cancer 7 (23.3%)
« Hepatitis B 6 (20.0%)
« Autoimmune disease 4 (13.0%)
« Other 1(3.3%)
Clinical at first presentation
Edema 80 (71%) 13 (81%) 67 (69%) 0.39
Foamy urine 80 (71%) 14 (88%) 66 (68%) 0.14
AKI 6 (5%) 2 (13%) 4 (4%) 0.18
Laboratories result on the first visit
Serum fasting glucose, median (IQR), mg/dL | 97.0 (88, 113) 125 (105,147) 95.0 (88, 105) 0.005
Serum HbA1lc, median (IQR), mg% 5.64 (5.2, 6.4) 6.9 (6.4, 7.7) 55(5.1, 5.8) <0.001
Serum creatinine, median (IQR), mg/dL 1.02 (0.8, 1.4) 1.1 (0.8, 1.6) 1.0 (0.8, 1.3) 0.32
eGFR, mean (SD), mg/dL 76.4 (30.0) 65.2 (25.0) 78.2 (30.4) 0.11
Glomerular hematuria 60 (53.1%) 5(31%) 55 (57%) 0.059
Urine protein, median (IQR), ¢/24h 5.57 (3.1, 9.0) 8.5 (4.5, 10.4) 5.4(2.9, 8.3) 0.10
Total cholesterol, median (IQR), me/dL 316 (239,405) 303 (227,381) 321 (240,406) 0.57
Serum total protein, median (IQR), mg/dL | 53.9 (46.3, 61.1) | 51.1 (44.5, 60.6) 54.2 (47.2, 61.0) 0.48
Serum albumin, mean (SD), mg/dL 21.5(7.8) 20.5 (6.8) 21.7 (8.0) 0.63
Positive aPLA2Rab (n=27) 12 (44.4%) 3 (50%) 9 (43%) 1.00

BMI = body mass index, SBP = systolic blood pressure, DBP = diastolic blood pressure, aPLA2Rab = anti-PLA2 receptor

antibody, SD = standard deviation, IQR = interquartile range, mg = milligram, dL = deciliter
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During a median follow-up period of 2.9 years,
seventy-nine cases achieved clinical remission (Figure1).
Twenty-six cases had reached renal composite endpoints
which were ESKD (3 cases), a decline of eGFR more
than 40% (18 cases), and renal death (5 cases). These
composite outcomes were commonly occurred in MN
with preexisting than non-DM, 7 cases (43.8%) and 19
cases (19.4%), respectively. Cox proportional hazards
model showed that DM was a predictive factor of

composite renal outcomes (Hazard Ratio: 2.60; 95% Cl:

Complete
remission
25%

Partial
remission
37.5%

No
remission
37.5%

1.09 - 6.22; P 0.032) (Figure 2a). However, after adjusting
with age in Model 2 (Figure 2b) and age, hypertension,
and remission status in Model 3 (Figure 2c), the results
did not reach a statistically significant, (Hazard Ratio:
2.42: 95% Cl: 1.00 - 5.87; P 0.05) and (Hazard Ratio:
2.24; 95% Cl: 0.89 — 5.67; P 0.09), respectively. Further
subgroup analysis showed that the effect of DM on the
renal outcomes was significant (Hazard Ratio: 3.27; 95%
Cl: 1.22 — 8.78; P = 0.019) in idiopathic MN (Figure 3a)
but not secondary MN (Figure 3b)
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Figure 1 Characteristics of clinical remission during follow-up
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Figure 2 Cox proportional hazard regression analysis on
the composite renal outcomes

a) Model 1, DM only; b) Model 2, adjusted for DM and
age; ¢) Model 3, adjusted for DM, age, hypertension and
remission status

DM, diabetes mellitus; HT, hypertension; HR, hazard ratio;

Cl, confidence interval
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Figure 3 Cox proportional hazard regression analysis on the effect on DM on the composite renal outcomes in

subgroup of patients

a) ldiopathic membranous nephropathy; b) secondary membranous nephropathy

DM, diabetes mellitus; HR, hazard ratio; Cl, confidence interval; IMN = idiopathic membranous nephropathy;

2MN = secondary membranous nephropathy, DM = diabetes mellitus

Discussion

In our study, membranous nephropathy (MN) with
preexisting diabetes mellitus (DM) patients were older
and lower incidence of hypertension. Preexisting DM
correlates with higher renal composite outcomes and
similar trends were observed across three adjusted
models in this study. However, the small study population
and event rates may hamper the statistical power to
demonstrate significant findings. These findings similar
to the previous study, a retrospective observational in
China by Zhiyong Xie and colleague'®, investigated clinical
outcomes in 42 idiopathic MN coexisting with DM patients.
Their result was shown that coexisting DM was an
independent risk factor for renal function deterioration
but did not affect the remission rate.

DM is a well-recognized independent risk factor
for developing CKD and ESKD *'°. Pathogenesis of kidney
disease in DM, which was hemodynamic and metabolic
pathway'’, may negatively affected clinical outcomes of
MN. In terms of hemodynamic pathways, impaired
renal vasoregulation was one of the key roles. The
elevation of Endothelin-1 as well as the activation of
the renin-angiotensin system leading to an increase of
angiotensin Il levels, caused efferent arteriolar
vasoconstriction and endothelial dysfunction. Regarding

metabolic pathways, hyperglycemia resulted in an

increased risk of renal ischemic-reperfusion injury and
the activation of four pathways which were the polyol
pathway, hexosamine pathway, production of advanced
glycation end products, and activation of protein kinase
C. Moreover, data from previous study found that DM
patients had less responsive the Modified Ponticelli
regimen’®. These proposed hypotheses may partly
explain the effect of pre-existing DM contributing to poor
composite renal outcomes in MN patients.

Interestingly, in subgroup analysis for the cause of
MN, preexisting DM was found to be a predictive factor
of composite renal outcomes only in idiopathic MN but
not secondary MN. This result may be explained by
the higher disease severity in secondary membranous
nephropathy (especially, cancer) and specific treatments
in idiopathic MN which reduce the likelihood of composite
renal outcomes.

For strengths and limitations, this study is a large cohort
over a ten-year period in tertiary care center. In addition,
this is the first study that investigates the clinical impact
of DM and MN patients in Thailand. AUl MN diagnosis were
confirmed by renal pathology and results were approved
by a renal pathologist. In terms of limitation, this study
had small sample sizes in MN with preexisting DM groups,
as a consequence, limited a power of detection in terms

of statistical finding in this study. Lastly, missing data of
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some important marker such as aPLA2Rab, is a common

feature of a retrospective dataset.

Conclusion

Preexisting DM may predict adverse renal outcomes in

MN patients. Large clinical study was required to confirm
the finding.
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The Effect of Sodium-Glucose Co-transporter 2
Inhibitors on Renal Function Among Patients
with Diabetic Kidney Disease
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Abstract

Background: Diabetic kidney disease (DKD) is the leading cause of chronic kidney diseases worldwide. Sodium-Glucose
Co-Transporter 2 Inhibitors (SGLT2i) is a new class of antidiabetic agent that has renoprotective action beyond glycemic
control. However, the efficacy of SGLT2i on renal function in DKD varies in different regions of the world. There has
never been any study on the effect of SGLT2i on renal function in Thai population.

Methods: This is a retrospective matched-pair case control study of patients with DKD between 1 January 2015 to
31 December 2020 . Patients who were treated with SGLT2i were matched to those who were not according to age,
kidney function, albuminuria and renin-angiotensin-aldosterone system inhibitors (RAASI) usage. The primary outcome
was the difference in estimated glomerular filtration rate (eGFR) at 96 weeks. The secondary outcome was the change
in eGFR, albuminuria and adverse effects.

Results: A total of 180 matched pairs were included in the analysis. They were equivalent in age, sex, the number
of RAASI usage, baseline eGFR and albuminuria. Estimated glomerular filtration rate at 96 weeks was significantly
higher among SGLT2i-users compared to non-users (72.31 vs. 65.37 ml/min/1.73 m’, p = 0.031). The decline in eGFR
over 96 weeks was observed in both groups but to a lesser degree among SGLT2i-users (-4.76 vs. -8.46 ml/min/1.73
m* p = 0.001). Albuminuria at 72 and 96 weeks was also significantly lower among SGLT2i users compared to
non-users. Subgroup analysis revealed the higher eGFR among SGLT2i users at 96 weeks was significant only in
subgroup of patients with baseline eGFR =90 ml/min/1.73 m?” SGLT2i users had higher incidence of urinary tract
infection. No serious adverse effects were observed in either group.

Conclusion: The use of SGLT2i was associated with slower decline in eGFR and attenuation of albuminuria among
patients with DKD. The use of SGLT2i was associated with increased incidence of urinary tract infection. Serious

adverse events were not observed in either group.
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Msdue 1 e 1

218, A, N13viaule,
syaulushuweauiululaany,
N5 In RAAS|

\

Faelsalau iy sLT2
d1u7 180 AY

nauiilalld SGLT2i eerefifuddyneadn msldranausiu
Tofingdlaifinnuuandrsdulusie 2 ngu Taeshs 2 nguiinngld
RAAS] Sotiaw 63.8 ¥inuas SGLT2i lunisdnwisznaugeen
Dapagliflozin 91u2u 112 Al (5ovaz 62) way Empagliflozin
$1u 68 au (Sovay 38) eyafiugiudounislien SGLT2i
LAnafan1F1ei 1
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M13199 1 anwauzlazdoyaiiugiuvesye

naug 1Y SGLT2i

nguilaild SGLT2i

‘ P-value

(n =180) (n=180)
LAY 210 (58.3%) 105 (58.3%) 105 (58.3%) 1.000
97¢ @) 64.67+10.71 64.66+10.48 64.67+10.97 0.881
BMI (Alansu/msul.) 22.45+3.19 23.08+3.10 21.82+3.16 0.063
eGFR (11a./4191/1.73m53.) 75.98+5.95 75.82+5.35 76.78+6.03 0.627
HbA1C (%) 8.65+0.77 8.70+0.79 8.52+0.65 0.056
fga;ﬂ%%ﬂ?zzgg?gi) 390.5 (250.6-452.6) 350.6 (275.2-436.5) 360.2 (280.0-465.8) 0.584
SBP (. Usan) 134.0+7.1 134.5+6.5 133.7+7.3 0.161
DBP (1. Usawn) 94.5+8.3 93.7+£9.5 95.3+6.8 0.092
TsaUszRfaBue
mudulaiings 285 (79.2%) 145 (80.5%) 140 (77.7%) 0.315
Tufuluidiongs 186 (51.7%) 96 (53.3%) 90 (50.0%) 0.527
VUL UTEEINAN 239 (66.4%) 124 (68.9%) 115 (63.9%) 0.346
lsavasaLaanduUans 19 (5.3%) 10 (5.6%) 9 (5.0%) 0.814
lsAraonieniiile 43 (11.9%) 25 (13.9%) 18 (10.0%) 0.255
lsAraanaanaNed 14 (3.9%) 8 (4.4%) 6 (3.3%) 0.586
AsSuUsEIUENBUY
ACE inhibitor 160 (44.4%) 79 (43.9%) 81 (45.0%) 0.832
Angiotensin-Il receptor 70 (19.4%) 36 (20.0%) 34 (18.9%) 0.790
Metformin 359 (99.7%) 180 (100%) 179 (99.4%) 1.000
Sulfonylurea 76 (21.1%) 29 (16.1%) 47 (26.1%) 0.020*
Thiazolidinediones 49 (13.6%) 12 (6.7%) 37 (20.6%) <0.001*
DPP-4 inhibitors 58 (16.1%) 36 (20.0%) 22 (12.2%) 0.045*
GLP-1 receptor agonists 4(1.1%) 2 (1.1%) 2(1.1%) 1.000
Insulin 28 (7.8%) 11 (6.1%) 17 (9.4%) 0.238
Calcium channel blocker 157 (43.6%) 82 (45.6%) 75 (41.7%) 0.457
Alpha blocker 47 (13.1%) 24 (13.3%) 23 (12.8%) 0.876
Beta blocker 53 (14.7%) 28 (15.6%) 25 (13.9%) 0.655

‘ﬁagammﬂu §1uu (Geway,%), Aads (Mean)+SD, ANdisEgIUY (Median) (IQR-IQR)); BMI, Body mass index; eGFR,
estimated glomerular filtration rate; SBP; Systolic blood pressure, DBP; Diastolic blood pressure; DPP-4 inhibitors,
Dipeptidyl peptidase-4 inhibitor; GLP-1 receptor agonists, Glucagon-like peptide 1 receptor agonists; *P<0.05
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wamsAnymdnlunisfnwiinuindaendgudld SeLT2i
fiszdu eGFR 1 96 dUnsiganinngulalld SGLT2i egnadl
Hod1ANNanaA (72.31+5.23 way 65.37+4.48 ua./Uil/
1.73 w3y, P=0.031) lneAnilugnsnisanaswes eGFR lu

a Y] °
M15199 2 sEAUNIsnaIuYele

ngug{ly SGLT2i

naugld SGLT2i tewningudlsld SGLT2i 71 3.43 uay 5.42
18./Un9/1.73 sl anudiu msnauansnsUAsuLUas
V99 eGFR maamnmLLas'giJLLamLLu’JIﬁaJmiLUﬁstLﬂaamu
sToznaAIguil 2 way m1s1ei 2

nauglaily SGLT2i

faudsAnu P-value
NANISATI NANTSAT29

eGFR (1a./u1%1/1.73 »531.)
floun1siden SGLT2i 180 75.82+5.35 180 76.78+6.03 0.627
7i 4 &Uanai 126 71.92+8.93 99 73.82+5.93 0.499
7i 12 &Uenia 168 75.09+6.39 164 73.50+6.98 0.504
7i 24 &Uenia 149 74.11+5.41 143 72.32+4.42 0.489
7i 48 &Uenia 143 74.73+6.72 149 71.84+5.93 0.259
7i 72 &Uenia 149 74.18+4.32 143 69.06+6.62 0.056
i 96 &Unwi 169 72.31%5.23 161 65.37+4.48 0.031*

%ayjaLLamLf]u ﬂ'naﬁa (Mean)+SD; eGFR, estimated glomerular filtration rate; *P<0.05

80
— ¥ saLm2i -~- 114 sGLT2i

=
= *
[\a) 75_
N~
o
~
=
=
=
< 704
G
G
[a's
L
(O]
(O] 65_
=
39
1’ad

60

04 12 24 48 72 96
P value <0.05 fMavindasyleen

5UN 2 MavihanuveslaiGusunazauaanisfin

NANISANENITINUIINSIY SGLT2i dnarinl eGFR an
asnnniilugaaBudud 4 §Unv ues eGFR zBuiiuaud
12 &Uai lewSeuisuiungudlaly seiT2i wudnlid
AMILANFNINER AR LAV IS ENUTe 72 SR Taedns

nsanasavsi 96 dawinuin naullden SGLT2i finisanas
fifouninngy SGLT2i egnaflfuddnymsadia (-4.76 + 9.45
way -8.46 + 9.68 1a./U1¥/1.73 A3, MUE1AY, P 0.001)
nauild SGLT2i Isgiudayiululaanzanatliegnadiedey
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meadmdladieuiungudlald SGLT2i 7 72 uag 96 dUaW M197199 3 wazgUuanawuILWIlTNNSURBULUEININNAIAY
seAu HbALc lunguild SGLT2i Andinguilaly SGLT2i  §uf 3 uae 4

v
Y '

AILAT 48 AUANMAUDY 96 UMY NANISANEITDILENIAT

A15719% 3 NsiasuwlasseRu eGFR, wﬁué’agﬁﬂu%mw Lagszau HbALC

ngue{ly SGLT2i nguilaild SGLT2i

AudsAnen P-value
NAN15A53 NaANISA533

nswWasuulas eGFR
(3a./u%/1.73 asy.)

nswasuulasil 4 danni 126 -3.56 £10.29 99 -0.48 + 9.44 0.054
nswasuulasii 12 dUani 168 -1.64 £10.25 164 2,85 +10.73 0.421
nswasuulasii 24 dUansi 149 -1.79 £ 9.95 143 -4.18 £10.09 0.434
mMswasuudasd 48 dUav 143 -3.43 £10.36 149 -3.96 £10.22 0.684
mMswasuwlasii 72 dUanii 149 -3.74 £10.77 143 -6.15 = 9.54 0.054
Mswasuwlasil 96 dUanii 169 4.76 = 9.45 161 -8.46 + 9.68 0.001%

szavdayliulutaanig
(@adn3u/nIuaiafily)

naunslyn SGLT2i 75 350.6 (275.2-436.5) 35 360.2 (280.0-465.8) 0.584
7i 4 &uenih 60 350.7 (285.5,405.6) 12 351.8 (295.6,480.5) | 0.554
7i 12 &Uenia 42 332.5 (260.4,424.5) 23 365.7 (305.6,435.5) | 0.364
7i 24 &Uenih 30 319.1 (242.6,389.1) 30 368.2 (280.9,436.4) | 0.435
7i 48 &Uenia 62 308.9 (287.6,400.6) 25 350.9 (275.8,462.5) | 0.352
7i 72 &Uenih 59 301.1 (246.2,420.4) 34 358.9 (290.5,420.5) | 0.048*
71 96 &Uanih 70 292.7 (223.3-382.0) 60 365.2 (277.0-435.4) | 0.045*

HbA1C (%)

nouUNITIgeN SGLT2i 162 8.72 +0.79 165 8.52 + 0.65 0.056
i 12 &Unwi 155 8.23 + 0.81 143 8.31 £ 0.79 0.354
i 24 &Unwi 144 7.64 £0.81 161 7.75+ 091 0.625
i 48 dUnwi 151 7.70 £ 0.79 159 8.23 £ 0.82 0.046*
i 72 &Uawi 162 7.60 £ 0.80 164 8.14 £ 0.85 0.035*
i 96 &uami 161 7.59 £ 0.81 164 8.35 £ 0.91 0.001*

sﬂ’a;gaLLamLflu Aade (Mean)=SD, AEEg (Median)(IQR -IQR.); eGFR, estimated glomerular filtration rate;
*P<0.05
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FUavinaasulven

48 72 96

[

5UN 3 szaudayiiululaansnituiuiasiuganisany

Y

(Wa./u7/1.73 m53.)

%
]

AslAsuLUasvee eGFR Wigunaulden

N
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— ¥ saLm2i -~- 114 sGLT2i

0 4 12 24
*P value <0.05

FUavinaasulten

48 72 96

JUN 4 Msdsuudameasmsviauvedle

devimsiiengingugosiieUsziiunisnouaussves
&1 SGLT2i M326iu eGFR ua seiudayivluilaanzieuiy
sl wuin lewgnguild SGLT2i Al eGFR wnnndnie
Wi 90 18 /undi/1.73 asu. Tseu eGFR 71 96 dUnntigs
1 neuglald SGLT2i senailfddnymeadia du sedudayiiu

Tulaanznouuld SoLT2i biflanuduiusiunisaeuauss
9381 SGLT2i fem3naft 4 uenanil madiaszinauassedy
HbALC siesesiu eGFR 71 96 dani nauilld SGLT2i 1ieuriu
nauilld SGLT2i wudn Tifianuwsnsnsiuegadidddty
yaadFluynTIessEAU HbAIC faansnedl 5
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v o

M990 4 MFIATIEInaugeslaswUINgNRINTEAU eGFR wagseaudayiiululaany

AnTeringudas

naugld SGLT2i

eGFR i
96 dUa

nauglaly sGLT2i

eGFR i
96 dUa

P Value

Hugu eGFR U 169 AU 37U 161 A

290 1a./u1#1/1.73 ATl 21 (12%) 98.34 + 6.03 21 (13%) 93.62 £ 8.58 | 0.046%
61-<90 wa./u¥/1.73 Ay, 106 (63%) 70.50 + 5.67 100 (62%) 68.64 + 4.97 0.352
45-60 1a./u¥1/1.73 . 35(21%) 48.16 + 6.37 30 (19%) 50.23 + 5.07 0.577
30-<45 Wa./Wi/1.73 A, 7 (4%) 42.16 + 8.82 10 (6%) 39.68 + 6.72 0.745
ﬁuﬁmszﬁué’ayﬁu‘tuﬂamw WU 75 AU 17U 35 AU

30-<300 fadnfu/niumsieftiu | 51 (68%) 73.48 + 8.95 23 (66%) 68.75 + 5.76 0.163
>300 Hladn3u/nIunsiofiu 24 (32%) 72.83 + 6.66 12 (34%) 67.80 + 8.65 0.242

%’aaﬂauamt,‘ﬂu §1uau (Govaz,%), ALade (Mean)+SD, Age eGFR, estimated glomerular filtration rate; *P<0.05

M15719% 5 NNFIATIEVNAVRITEAU HDALC Maseau eGFR

AnTevingudan

HbA1C # 96 dUan¥

naugld SGLT2i

71U 151 AY

eGFR i
96 dUA

nauglaly sGLT2i

U 149 AU

eGFR i
96 dUm

P Value

>9.0 % 5(3%) 62.20 + 8.58 18 (12%) 58.06 + 9.12 0.284
8.51t0<9.0% 11 (7%) 84.68 + 9.62 13 (8%) 82.40 + 8.36 0.076
8.0to <85 % 20 (13%) 72.34 + 551 41 (28%) 66.19 + 5.97 0.897
7.5t0 <80 % 46 (31%) 68.37 + 7.12 31 (21%) 70.40 + 9.45 0.613
70to<75% 27 (189%) 72.64+5.58 22 (15%) 68.51 + 7.07 0.144
< 7.0% 42 (28%) 75.67 + 6.31 24 (16%) 70.50 = 5.77 0.074

ﬁaa&auamtﬂu U (Sevay,%); AaaeY (Mean)+SD; eGFR, estimated glomerular filtration rate; *P<0.05

N153LA1ERANNFNRUS Ve IRLUsTulag Pearson
correlation wu3sgAudayiuludaaiziinudusiug
Tudsauiusesu eGFR (r=-0.035, P=0.048), &115U HbA1C

NUINTEAU HbALC lifanudusiusiusesdu eGFR (r=-0.060,
P=0.332) Aauanagui 5 way seAu HbALC liflanudusius
fusgrudayiiululaany (r=0.064., P=0.253)
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AU HbALC (%)

JUN 5 Anuduiusseninamsinuvedlaiu HbALC

AMzunsNdouTes SGLT2I Mnmsinuinunaunsndeu
anmslieriaomn 20 au Govar 11.1) TunguiliseLTi
uaz 8 Ay (Foway 4.4) fawnsneil 6 laeflddan 16 Au
(5way 8.9) \im Urinary tract infection %ﬁ@ﬂﬂdﬂﬂﬁju
Alalld SGLT2i egneditludAgvneada (P = 0.003) figiinsau
ns@nulunguely SGLT2i d1uau 3 au (Sevay 3) 191013
pauld 013udounds ﬁgﬁﬂaaﬂmmmmi@ﬂwmmsaﬁu
Inglailivenen flden SGLT2i 1 A flomsiiuuien SGLT2i

d' 24
AN 6 NALNINYDU

naui 14 SGLT2i

Tums@nuilaimwunatafssguissinnisldonsussay
nsidnnazdendunsnandlausiathaialudenund
(euglycemic diabetic ketoacidosis), mi‘ummiﬁmaz
WNABUT NIEQNIn uazn1sgadeeiedzdiulaty aume
YDINTNEAYT SGLT2i flau 96 dUnv Useneumie 4 au
gaeuido991nil Urinary tract infection waggflden 1 au
ilesanusien SGLT2i

nauglafld SGLT2i

(n=180) (n=180) Pvalue
HALNINFOUTULTS 0 0
NaLINGoU
Alud 1(0.5%) 0 0.317
Aaieomaiutaany 16 (8.9%) 4 (2.2%) 0.003*
Aauld andeu 3 (1.6%) 4(2.2%) 0.705

%’a;gauamﬁ]u 31U (Seay,%); *P<0.05

aAUTEHAN1TANYN
meitetuilifofnwnsdsuuasessefunsey
¥04le (estimate glomerular filtration rate, eGFR) vo4
nauEftheslied 2 ldenndy SGLT2 Wunaneehalies
96 dUav TunvUfuR nnsAnwinuingUlengugld
SGLT2i fiseiu eGFR 1 96 AUnnsigsninnguilalingy SGLT2i
ognafitfodAnneadn uazlinunnzunsndeuiuuss

v
P Y

nausegtlun1sAnwnuitergdeutann umng

aglunaeiund fignsnisiauveslneglusses 1-2 10y

dulvgy Aeusulden SGLT2i fiheha 2 ndu Tdnwasiug
riauﬁmﬁu%;&aiﬂé'lﬁmﬁu Julsawvmudidlsalawas
arlvgilsnsueslaetnmia vie vanwegnasaud il
flanudssvesnisiialsavasmaantiile venainids

nuInguusennsilaly SGLT2i dnmsldenuimungy
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sulfonylurea, thiazolidinediones ﬁmﬂﬂﬂd’mﬁjwﬂ% SGLT2i
Tuvaigdinguifld SGLT2i wun1slden DPP-4 inhibitors
ﬁumn’hmju@lﬂ%’ SGLT2i ﬂaq'm'hashﬂuﬂﬁﬁﬂmﬁwudw
fins1d RAASI fevar 63.8 Fafounitinsgiu TgUae
vaulalldld RAAST fefidailustusayivlutiaansy 3
3NN1sANYIMULdukasingualuAuauIalng® wuin
M3l Canagliflozin Tugftasiumusiail 2 Adas
unan 2.6 U Taeiifl Macroalbuminuria (300-500 fiadniu/
n$ueSioftu) Tufinedifl eGFR > 30 ua./unii/1.73 meulas
171 RAASI ua? wu3en Canagliflozin fiusyleviaiunse
anuaansnelalasovas 30 eg1sltudAyn1eads g
ﬁﬂmﬁwmﬁmjmﬂsﬁ' SGLT2i #gns1n1vanasass eGFR
WasuuUadanas 1.96 wa./unfi/1.73 asusded Fannda
nsAnwlunsuarluvuelvglunatequssina®
finuiiinsanaswes eGFR wWasuuasanas 1.53 ua./Anil/
1.73 asu.600 auune1ainan eGFR waslunisdnwil
foninsfinwdeuntn wansidiuinisEulden seLT2i
Tugthelsalawwnuiiissdunmsvhaladesnitns@inw
vesUsunasug Mlisnsnsanawes eGFR Tunsdnui
finsanasldsandannnin anmsinuewniiil® wuid
nslden SGLT2i dn1sanaswes eGFR waasuldenlugas
4 Faiusn Fadumaannnisanasvesanudulumiiele
(Intraglomerular pressure) H1UN3EUIUNIT tubular-
glomerular feedback Ingluns@nsinuinilefnni
530U eGFR Tutng 4 dainsnnadld SGLT2i wui eGFR
4 duani
agslsfmulafidedfanieads szornanfizudiuainy
uANAYDs eGFR AdfudAgmsaiidvesnguild SGLT2i

'
a

fuwildunanasnnninguildld SGLT2i 4

waznauiflalld SGLT2i wudiuuuansnedl 96 dUnnsi
Fedhninsinnroundhi o2
msnuEnuiwagthengulld SeLT2i uarlaldn SGLT2i
fnan1ssnundaldfadmmnegloun seavdayivlulaane
wag HbALC hlvinsmeuauasesen SGLT2i Tdhauund
nsdnwineuntd annsAnudnuiingudld SGLT2i
fimsanasasserudayiulutaaniziay HbALC 1nninngs
Flalld SGLT2i eehsfivuddmnsaifnous 72 way 48 dUai
pudfu eg1dlsAnudlensiaaeuauduiuswuiinig
anasvesmavihanulaiianuduiusivssaudayiiululaane
wailiifindnuduiusiu HbALC
msleswingudoglunsfnuninudt 47l eGFR flan
nNI1 90 Wa./uNil/1.73 msu. dn1sneuausIianITanad
99 eGFR IiAind1il 96 dUnnislewisudunguilally scLT2i

\unainnsiien SGLT2i anunsavzasnisanasvoslléd
Tuvausil eGFR §age Teaonadasiunmsfnuinountind”
finudn MImeuaussdie SGLT2i azanauilofUeil eGFR
wndu ndeyadinarudiulddne seLt2i ety
TunwUUs wutnendiuszansamanasiivselesulunig
yzaonsdenvedlailoiouiugiililéon scLT2i ludeiu
futoyaruuzinlunvU R KDIGO 2020 Clinical Practice
Guideline dmunsquaruimiulugiaelsalanedods”
Ieuugahiflaofill eGFR > 20 ua./undi/1.73n5u. Adslé3y
n155nwIR38e1 SGLT2i (seaundngiu 1A) lagiivun
wWmang HbALC muauvsnzasluldazyanadaus
<6.5% B9 <8.0% uoniniiSauuzihmsldendy RAAS Tu
FUrefifiumny, anudulafingsuaziilsivludaans
(s¥Runang1y 1B)

msfnmiimenuradadsmuiie selT2i fgtRnsal
madamsindelumaduilaans snndnguglalld sz
ogalsinuiilofisunanis@nyimuiniisenunadnades
fitaeniinisAnuiinumn'™ 8199zl unaainniaid
giinsyiavaaunmnddinw nmshirmuudinisufuRd ot
wumNLTULsLa g RNMIninnAnsaunsndeulun i

nsfnwildumsfnuusnuesssmalneiivinlugtoela
wnuilldsuen SeLT2i Tnefimsieuiteuiungudlsly
SGLT2i, dnsduenguilieuiisuiiviingusmetauUseuiiey
fdnunziuglndifesiuegslsfimumsinuiifos in
1#uA msfinunfidunafvloyadounss 1 aanuiidaliuun
Usgnsaeudatios myseniuumMvaaedlianansaiivun
wnsgrunislivnaznisfinmunanisinwegraduszuule
N13AARILNANITINBILUTUTIUAILUNNE I ALaLaTUTUN
vagUle dwwalinisiansauinanisshwdanuwdsysiu
¥angy Iuﬂﬁﬁﬂmﬁé’ﬂwu%gaqmm86’2’}aaﬂav‘fﬂﬁﬁma
sonsAnwimdedeyadus Alulagniudinlunvszideu
TnglanzFesasnsmenunaunsndouromslio duu
nagdeiitelausnuznsfnyilusuianalsvitludseins

a

Ao =3 & = )
WNQWU?UN']WSUUIWEJLUUﬂ’ﬁﬂﬂ‘H’]LLUUﬂ’ﬁW@a@QLL‘U'U?!ZLILLa%

= '

fnquaiuaululszynsive

GEIL

M3l sodium-Glucose Co-transporter 2 Inhibitors
(SGLT21) Juerfiduszandamlunisszasnisanasves
nsvhauestalulsalawmiy yenanidanunsaanseu

gayiuludaaizld lnglinunadrafesisuns
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NSAIDs induced Granulomatous
Interstitial Nephritis: A Case Report and
Literature Review
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Abstract

Acute interstitial nephritis (AIN) affects 15% to 27% of patients with acute kidney injury. Granulomatous
interstitial nephritis (GIN) is a type of AIN which has been observed in approximately 0.5-0.9 % of the kidney biopsy
specimen. Etiologies of GIN include infection such as tuberculosis, sarcoidosis and medications such as antibiotics,
nonsteroidal anti-inflammatory drugs (NSAIDs), proton pump inhibitor, and uric lowering agents. Removing the cause
including treatment of infection and discontinuation of offending drugs is an important part of the management
strategy. However, when the recovery of renal function was not satisfactory, moderate to high dose steroid may be
helpful in this situation. Here, we reported a 63-year-old man who presented with back pain for four months. He was
prescribed two doses of parecoxib injections within a 2-month period. Two months later, his serum creatinine was
found to be markedly elevated. Kidney biopsy was performed, and the pathology was consistent with GIN. The
diagnosis of NSAIDs induced GIN was entertained. He received high dose oral prednisolone which has resulted in a

considerable improvement in kidney function.
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NSAIDs induced Granulomatous
Interstitial Nephritis: A Case Report and
Literature Review
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lsaneuauminede flhelifensifuroviounafinde
famdaiunnou lifidusailunihvied i livinde Lifly
laile liomswiitla liflernisuiansegn dregaanszund
lsioomms dminwiidu Ufasmssulssmueiagulng
NaMsATIIMRIUfiRnsauanduansnei 1

a . 2 \hounay 2 \founay -
9 LAPUNDU o Ao o o o o 1 LAdUNDU
(AUNWITUNITINEIN SN.LBNTY) | (AUNBBNINN TW.LONVW)
BUN (un./ma.) 55.4 42.3 443
Cr (un./na.) 1.01 4.69 4.52 3.62 4.4

un./98.; JadNTUADIATANT

A599379N1¢

Vital signs: T 36.5°C, BP 126/77 mmHg, P 75 beats/min

General appearance: mildly pale, no jaundice, no
edema, no respiratory distress, no signs of
chronic liver disease

Cardiovascular system: JVP 3 cm above the sternal
angle, PMI at 5" Lt ICS MCL, no heaving,
normal S1, S2, no murmur

Abdomen: soft, no hepatosplenomegaly, no ascites,
bimanual palpation-negative

Spine: tenderness at lower back, straight leg raising

test-positive left leg

Lymph Nodes: No superficial lymphadenopathy

Nervous system: Unremarkable

NaRTINRUUANS

CBC: Hb 10 ¢/dL, Hct 27.8%, WBC 6,250 cells/
cu.mm., platelet 246,000 cells/cu.mm.
BUN 31.7 mg/dL, creatinine 4.41 mg/dL,
eGFR 13.7 mUmin/1.73 m’
Na 134 mmol/L, K 3.5 mmol/L, Cl 95
mmol/L, CO2 25 mmol/L, Ca 9.3 meg/dL,
P 4.3 mg/dL
Total bilirubin 0.4 mg/dL, direct bilirubin
0.16 mg/dL, ALT 22 U/L, AST 11 U/L, albumin
4.5 g/dL, globulin 3.4 ¢/dL, ALP 82 U/L

Urine: pH 6, Sp.Gr 1.003, protein-negative, WBC
0-1/HPF, RBC 0-1/HPF
Spot urine protein/creatinine ratio (UPCR)
0.1 ¢/¢Cr
Complements C3 114.8 mg/dL (83-177),
C4 32.5 mg/dL (15-45)
HBs Ag, anti HCV, anti-HIV: negative
Serum protein electrophoresis: no monoclonal
gammopathy
Serum free light chain ratio 1.96 (0.72-4.50)
Ultrasound KUB: normal sized kidneys, no stone, no

hydronephrosis

ilosangUasngnen NSAIDs ynudaluuds 3 e
&Tma‘wum?ﬁuﬂ‘%LaﬁﬁuqasﬁuﬁaLﬂusﬁaﬁa"ﬁumsmaﬁu
oln mamqwm%%'w&mamﬁalmé’wﬂmiugﬂ 1-5 Wyl
Tnawesdaris 20 Tnawesda fdnwarund lawuniadfiudy
vouwaa glomerular capillary wall Un@ laiwu crescent
UShavaeadetla (tubule) waziideidola (interstitium)
wuseslsadnwasidunnsylauisznausie activated
histiocytes kag multinucleated giant cells dousouY
wadonaudinlienu (gﬂ‘ﬁ 1) ldwu caseous necrosis
WU tubulitis, tubular atrophy uwag interstitial fibrosis
Uszanafevay 10 veudleln Tnesuldnuiindenvnivia
Blodla dos immunofluorescence dwu immune complex
deposit uay faulimunsindefalsaunazdon
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DEPARTMENT OF P,

gﬂﬁ 1 Non-caseating granuloma A9UTOUAIY mononuclear
cell infiltration Tu interstitium (H&E)

W Y, T Ay v,

g‘lJﬁ 2 Qﬂﬂs?{‘ﬂ’luam mononuclear inflammatory cell
infiltration T interstitium Qﬂﬂi?ﬂ,l,ml,l,am non-caseating

2 M e S S 4 e d
JUN 3 wansniseniauvesnaenalades (tubulitis) was

tubular cell injury (loss of brush border and prominent

nucleoli with vacuolization) (PAS)

3‘Uﬁ 4 Non-caseating granuloma a0359UA28 mononuclear

cell infiltrate Tu interstitium

5UN 5 unsylauusenausigiwas epithelioid (activated
histiocyte) 321U multinucleated giant cell dausou
memadadinidenyyialuluiiundes Jones methenamine

silver)

Athelssunsifiadeiiu NSAIDs induced granulomatous
interstitial nephritis 31N81 parecoxib Lﬁ'mmﬂﬂﬂawqﬂm
g Aesefidudafiuiudy 557 un/ea. uaz
9n31nN13NTesvedlnanaliae 9.93 ua./uni/1.73 Asu. 39
Thgunsailalausuusemuiuag 40 fadnsu waslasuen
2 &t Anetefidiuluidenanawnogiiuszana 2.8 un./aa.
wdniueTefifuanaunde 2.09 un/aa. mendslasuen
4 \ileu Teraee anvuneunsailelaunayiiiven azathio-
prine Juaz 50 Hadniusaueie

NUNIUITIUNTIU

A% acute interstitial nephritis LAnlaa1nUany
awn laun andzgiilufiusiesn Wy 81ngu beta-lactams,
sulfonamide, g1d1ulasa, erdulaanes war saudvan
AMEHIAAMUNIUAIBY WU systemic lupus erythematosus,
Sjogren’s syndrome, tubulointerstitial nephritis and
uveitis (TINU) anazimuedndulasuuas nsnige’?
nansnsItuiiolamanensinerinudnuae A1z AIN
ﬁﬁLLﬂiEIﬁuﬂ%ﬂUi%ﬂaUﬁ’w epithelioid histocytes (38n
71 Az granulomatous interstitial nephritis (GIN)** T
sy i nMsfuuseniue sdaeslada Jalse uas
TINU*®

FTUININYILALBINITNNAGTN
menuaadUaeildfunsasatuidolanuanz GIN
Uszanauforas 0.5-0.9" 91NAISNUMIUITIUNTIU NMIIIEII
dulug)llu case report/case series Mignon wagAny’
swaufte 32 519 Tl e 1984 fnatuiloladld
fu GIN fauvguiannnisfuuseniuenesas 28 91nlsA
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granulomatosis with polyangiitis (GPA) $oe/az 26 91nA1S
Andeinlsnuazeninesladaionas 18 uar linuaig
Joway 26 Schwarz wavaAny® 18Ul 2 s1elud
A.fl. 1988 fiTiUsziAnslden NSAIDs wund1 3 1feu Viero
and Cavallo uagmmuy’ s1891ua1mnn1san GIN Tud a.a.
1995 Sewaz 25 AnaNn1sTulsenuen Segar 25 310
Tsaensnoolnda uay Jeway 25 99NN15NSARALEe Bijol
wazane' $1891UEUe GIN 46 518 TWU A.A.2006 awwe)
ﬁwumﬂ‘ﬁq@Lﬁmmﬂmi%’uﬂizmuaﬁaﬁas 37 mm&gﬁwv
sesaunfovay 24 invnlspgnsnesla@a way 2 518970
GPA Javaud uarAniz’ 518U 40 91elud) a.m. 2007
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Uszmugndeay 17.5 wazanmsandetalsaiosas 7.5
Joss uarAnty’ T1ea1udUle 18 18 Tud a.A. 2007 Sevas 27
Wnanlspensneslada Sovay 11 HAINN1TTUUTZIUEN
Faway 11 LAnaanlsa TINU $esaz 50 Linsivaimeg
Naidu wazanue' $189uEUe GIN 14 518 Tul 2013
Zapar 64 \inannisAndeialse Jevar 14 1Anen
N35uUsENUen Gupta wazane'”” 5189150 GIN 14 518
Tul A 2014 Sewar 64 inannsAnidetalsn uay
sesaundoray 14 1inane gy NSAIDs uanainil &
F891UUT2UT18970 Jung hazAmy’, Ahmad wavanls®,
Figueiredo 201914 (A314f 2)

A1 2 NUMILITIUNTTUAEIAY Granulomatous interstitial nephritis (GIN)

an NANTIINID v v
235UNTU A% 2In15n19Aain A N155NEN NANTS3NE
¢ Ufuanig
Mignon |32 518 55% laedeundu Lifiteya 10 18 Al
19847 . 110 579 45% lai3es 12 579 lai3039
« GPA 8 578 1 978 RRT
« Sarcoidosis 3 18 5 918 L@TI6
- TB3 918 4 718 lifideya
» Unknown 8 31¢
Viero 12 979 Tonadeunduy SCr 4.1 un./ma.  |Steroid 2 578 AlpRT
1995° .« 813 918 TUsAululaane (1.5-12.8) 3 579 115939
« Infection 3518 |1éntien TurUae GPA WU 1 978 (Fe30
+ Sarcoidosis 3 518 | HiAEDALAS wnsylaaniililede 6 518 Liitoya
« GPA 1 918 Wndenwn AIYTIUAIY
. Oxalosis 1 18 |lullaanzidnies
» Unknown 1 518
Bijol 46 9 Ianeideunau SCra1un/ea. | lifideua Laifidoya
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« XPN 1 978
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Javaud |40 918 laedeunduguuse | CrCl 26.2 ua/u1il | Prednisolone CrCl Ay
2007" |« Sarcoidosis 20 578 | WsAuludaane Proteinuria 1 un./nn./3u 26.2—46.5 1a./
« Drug 7 (NSAIDs 2) |\éntee 0.6 n3u/3u 111 30 Ju et
«TB 3, MAC 1578 | 15% winldonwns (0.08-3) (7-45 3 ) .
« GPA 2, Chron’s 1 |Tudlaanay FMITUTALAAY
« Unknown 5 518 |22% Liinidana 3.5 1oy
Tullaanz (0.5-19 1hiaw)
Naidu 14 57 Tannedeunau SCr6.7 +3.8 Steroid 9 578 AlART
2013" « TB 9 97¢ wunlaung un./ma. (2.3-14.7) |Cyclophosphamide |(2 57831n81)
- Drug 2 918 Azathioprine 5 578 lniFesa
« GPA 1 578 1 978 \FoTin
« SLE 1518 6 518 Lifiveya
« IGA 1 918 SCr anad
12.8— 2.1 4n./94a.
SCr anad
4.3— 1.7 Un./98.
Leeaporn |NSAIDs 1 518 Tanedsunau SCr 3.7 un./aa. Methylprednisolone | SCr anas
2013% onset 10 years UACR 47 un./n3u |+ Mycophenolate | 1.5-1.9 un./aa.
Cr 351
Gupta 14 919 TaeBeunduguuse |SCr 6.3 £ 3.5 Steroid 5-12 Wiau | SCr anad
2014 « TB 7 579 1n./na. 6.7—2.3 Un./9a.
« ANCA GN 2 318 Proteinuria SCr anad
« NSAIDs 2 51¢ 0.6 N31/3U 4.1— 1.4 un./9q.
« UTI 1 578 (0.327 - 3.5) Huhenianmnain
« Unknown 2 57 NSAIDs A1laftu
Agrawal |17 518 60% laewdeundy |SCr 6 + 2.3 un./ma. | Steroid 8 918 AnlpATu
2015" - TB9 510 40% laisesesze Proteinuria 4 579 o503
« Sarcoidosis 3 918 | @nving 1.7 + 0.4 nSw/3u 5 518 Lifiveya
e Fungus 1 57¢
« Unknown 4 51¥
Jung NSAIDs 1 518 Taedeunau SCr 7.4 un./fg. Prednisolone SCr anay
2015 onset 2 weeks TsAuludaanie Proteinuria 4+ 30 1./ 7.4— 2.4 3n./98.
\éniioy
Ahmad  [NSAIDs 1 57 Tomnedeunau SCr5.94 un./ma. | Methylpred 500 un. | SCr anadun
2018" onset 1 month TUsaulutaane Proteinuria 1+ to prednisolone 1.1 un./98.
\@niioy 30 un./du nulu 2 o
Figueiredo | NSAIDs 1 978 lanedaundu SCr 3.6 UN./A&. Prednisolone 1 1A./|SCr anas
2019" onset 20 year nn./3u 19 1.5 1n./98.
melu 1 1heu

GIN, Granulomatous interstitial nephritis; SCr, serum creatinine; meg/dL, milliscram/deciliter; mg/d, milligram/day;
CrCl, m3te9du clearance; NSAIDs, non-steroidal anti-inflammatory drugs; MKD, millisram/kiloeram/day; TINU,
Tubulointerstitial nephritis and uveitis; TB, tuberculosis; MAC, Mycobacterium avium complex; ATB, antibiotic;

GPA, Granulomatous Polyangiitis; BCG, Bacille Calmette-Guerin; FBGCR, Foreign body giant cell reaction; XPN,

xanthogranulomatous pyelonephritis; 1., Iaansil; aa., 10Tans; nn, Alansu
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granulomatous

TugUaeniineSaninvesunsylaudegeravinliitdady
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lauA nephrocalcinosis, membranoproliferative glomeru-
lonephritis (MPGN), pauci-immune glomerulonephritis,
collapsing focal segmental glomerulosclerosis (FSGS)
wae IgA nephropathy tudu'*" ansenugiieves Bijol
wazanzl wulsesaulugine GIN 14 518970 46 18 fsil

16-19

11 518 \Julsavedlnawesaa leun IsA nephropathy 3 518,
advanced diabetic nephropathy 2 $1¢, thin basement
membrane 2 514, fibrillary glomerulonephritis 1 1,
collapsing FSGS 1 §18, MPGN 1519 1La¢ minimal change
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Membranous Nephropathy in Chronic
Graft Versus Host Disease after Allogeneic
Hematopoietic Stem Cell Transplantation:
A Case Report and Literature Review

Nopparat Sanyakeun, Phoom Narongkiatikhun

Division of Nephrology, Department of Internal Medicine, Faculty of Medicine, Chiang Mai University

Abstract

Hematopoietic stem cell transplantation (HSCT) is one of the most effective therapeutic modalities for malignant
and non-malignant hematologic diseases. Although HSCT can result in satisfactory patient outcomes, complications
during the procedure are not uncommon. Graft versus host disease (GVHD) is a serious complication in HSCT that
may result in death of the recipients. GVHD is categorized into acute and chronic variants depending on the time of
onset. The acute presentation occurs during the first 7-100 days and the chronic presentation occurs after 100 days
of HSCT. GVHD may affect several organs including the kidneys. Most patients present with nephritic or nephrotic
syndrome. Although the incidence of membranous nephropathy is low, it is the most common cause of glomerular
disease after HSCT and is associated with chronic GVHD. A proposed mechanism of membranous nephropathy in this
setting is immune dysregulation from B-cells and T-cells. Autoantibodies induced by donor immune cells can target
podocyte antigens of the recipients. Treatment decision normally depends on the severity of the disease. Rituximab
has become the initial immunosuppressive therapy of choice among those with severe presentation. Cyclosporine

or tacrolimus with steroid is another alternative treatment regimen.
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Cat
M after HSCT or DLI aGVHD features cGVHD features
aGVHD
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HSCT, hematopoietic stem cell transplant; DLI, donor lymphocyte infusion; aGVHD, acute graft versus host disease;

cGVHD, chronic graft versus host disease
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n151ian1IE aGVHD wiseonidu 3 svo (Ul 2) fo
5282l 1: Host antigen-presenting cell activation
Bunndiinsuindureaiede (tissue injuries) A1NANT
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o o [
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(inflammatory cytokines) WU tumor necrosis factor alpha
(TNF alpha), interleukin 1 (IL-1) 1unalsiiinig upregulate
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donor lymphocytes
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Conditioning: tissue damage

Host
tissue

(1) Host APC
activation

(2) Donor T-cell
activation

g‘lJ‘ﬁ 2 N13LAA Acute graft versus host disease (aGVHD)'

Small
intestine

Target cell
apoptosis

(3) Cellular and
inflammatory
effectors

APC, antigen presenting cell; LPS, lipopolysaccharide; TNF, tumor necrosis factor; IL, interleukin; T reg, regulatory

T cell; CTL, cytotoxic T lymphocyte; Thl, T helper 1 cell
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Tnfaanuaveanie aGVHD wiessnindildsunisuduanin
1‘Uﬂizﬂﬂ (conditioning regimen) ¥l#nNsEUIUNNT negative
selection @4 alloreactive CD4™ T cell ¥oe5U38v91U
1alad@ vinldiAe immune deviation w89 Th2 cytokine
response flazanusonds IL-2, IL-10, transforming growth
factor betal (TGF-1) LLazmmmﬂiséju macrophage
Wionda TGF-B1 wag platelet derived growth factor (PDGF)
Faavilnasie tissue fibroblast wenantunsUIMEUReY

Insadafinarionisanaswes regulatory T cell ¥inlsiilgdiuds
AN5Y119UU84 alloreactive CD4* T cell, donor CD4* T
cell anas danald Th2 cell uaz Th17 cell gnnszdu
LLazLﬁmﬁmu ‘Viébﬁ cytokine aaﬂuwﬁaﬂixﬁu tissue
fibroblast ﬁaﬂixﬁu autoreactive B cell #3514 autoreactive
antibodies 1fin dnwaizfind1e autoimmune innnTaza
collagen mueienwa1 9 Wu a1 Banids Jom fu uagln
\usu FsreliAn cGVHD (sUi3)°
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Chronic GVHD
« Tissue fibrosis
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B cell activation
and dysregulation

BAFF, B cell activating factor; T reg, regulatory T cell; Th cell, T helper cell; IL, interleukin; PDGF, platelet derived

growth factor; TGFB1, transforming growth factor beta'
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features wag sclerotic mouth MK N15YINUYVBIRURAUN
ANMTNABNDIVITAU TR LAz bronchiolitis obliterans’

21N13N9la uazwenSaITINe1vadlia

anuRnundvesladinuldunniignanendsnisiin GVHD
fio nauen1slusAusiluilaans (nephrotic syndrome)
wuzfin1glasniau (nephritic syndrome) warlnGeds
(chronic kidney disease) wuldifos ngueinislusiusa
Tutlaanzdnifntunigly 5 Woumuvds cGVHDY
duiusiunsaavsengaeinagiiquiu lngwudn Seuas
63 voUaeiin HSCT 1AnAMuAaUnAT s fung
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nngfiduiutl dmiudadiuveslsalungueinislusiui
Tullaanznuininain membranous nephropathy (MN)
wniign Andudesay 66 s9saaundu minimal change
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MN, membranous nephropathy; MCD, minimal change disease; HSCT, hematopoietic stem cell transplantation
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Y93 aGVHD whunneu wazdeaz 84 — 93 fUseIA cGVHD
unneu wariinnslaldwyu anti-phospholipase A2
receptor (anti PLA2R) antibody lutden'? n1siin MN
TufUaeiildfunsgnanewaddudia fdadeideary
Weadudunisiin GVHD" laun fUsedd viseegluniie
cGVHD #finsanvsenenginagiduiu lasunisusuanin
VL‘Uﬂ'ﬁz@ﬂ (conditioning regimen) AMUFULTIVDY mixed

hematopoietic chimerism

NY15E359M8198415A membranous nephropathy
MendInsugnaneanduniie

Haquudslimsunalansiialsn MN AnundamsUgnang
waaduiulafiuudn widuduguininannalnves cGVHD
ilinsavauuesssuugiduiuiauiaund wazdema
ﬁaﬁatﬁmﬁamn%ﬁﬂ B-cell way T-cell Inef autoreactive
B-cell 9z@$13 autoantibodies luduiunaudaulmuiey
WU neutral endopeptidase A uneufinudmungly
human antenatal membranous nephropathy, nephrin
waz podocin Tlulusfiues slit diaphragm feliinlusiugy
Tutlaans’ dau Th cell MAnannsnszduves alloreactive
CD4" T-cell hag donor CD4" T-cell mmiaﬂiséju effector
cell %8 Th cell 19nds cytokine anewiinoanin Wy IL-2,
IL-6, IL-12, IL-21, ey TGF-B1 SAUNTAS autoantibodies
Vmﬁl,ﬁalfjaﬁgﬂ endothelial cell, mesangial matrix, tubular
basement membrane LAinn1suInldu wazneliiinalsa
a2 (5U71 4)

Epithelial nephrin, podocin
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JUN 4 we13a37Inenvedlsa membranous nephropathy
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HSCT ﬁ]’m‘g‘ULLam autoantibodies N1@35191191A autoreactive

B-cell Tuduiuwaufmuthmunglaun nephrin wag podocin

Mdulusiuaes slit diaphragm wag endothelial cell 1Annns
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YIaRU waznelmnalusiusilulaaniy

NaNTIINWHRIUYUANS

n130519taa1e (urinalysis) WU urine sediment fwuler
Imfjummﬂﬂsﬁu%’ﬂuﬂamw lauA oval fat bodies, lipid
droplets way fatty casts imﬁamawuLﬁmﬁammﬂuﬁamw
(microscopic hematuria) 19 d@msuusualusauludaaig
(proteinuria) annsanulddous subnephrotic range i
nephrotic range'? N13ATILEDN WUizﬁULLaagﬁﬂuLﬁamﬁw
Jwiuraramesealufonas lnelisgnunuinseiuueayiiy
Twdonfitesnit 2.8 niudena. Awiinanudssienisiin
amzaudongaduluvasaidend (venous thrombosis)
uaﬂmﬂ‘ﬁm'ﬁmﬂﬁmw serology 913WU antinuclear antibody
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ludenld esannalnanisiialsalu autoimmunity will
WU anti-PLA2R antibody luiden

nensannvasla
Tusregusnvealsroraldnuanulnuniniane1sanin

v94la 91nN19M529028 light microscopy (LM) Wag

immunofluorescence (IF) wiofinsAnfiulsaasnudnuee

11,12,13,18 &, &

ANU

YINEITINEN

Light microscopy (LM) wu glomerular basement
membrane wudilodoudae hematoxylin and eosin
(H&E) wag periodic acid shift stain (PAS) wagnu holes way
spikes dledeudse Jones methenamine silver Tnsfilainy
diadenundhuusniuuinalnawe;da dlsadauguws
mm%um:nmwuﬁﬂﬁmluiﬂaLuagé'a (slomerular sclerosis)
wionsiwdsuuvadly uSn tubulointerstitium léun
tubular atrophy wag interstitial fibrosis 1 (3U17i 5)

JUN 5 dnvagmanedine1duilelaly Jones methenamine silver stain wun1suuidivestiasaifenlades a0
PAS dalainu holes waz spikes (3U 5A) uagwu tubular atrophy, interstitial fibrosis, Way global sclerosis Tuvediu

vaslnaesaa (U 5B)

Immunofluorescence (IF) Wun13indwuas polyclonal
IgG (IgG1 uay 1gG4)* uay C3 jUwuu fine granular i
fiuknie capillary loop, mesangium, subepithelium,
subendothelium ag tubular basement membrane

Electron microscopy (EM) #U electron dense deposit
Ustsubepithelium waguIal intramembranous
1Hundn usonanuuiian mesangium wag subendothelium
Saselel (U 6)

3UN 6 dnwaugnna Electron microscope (EM) Wu electron

dense deposits UShad subendothelium wag mesangium

ALLANATR e InenBuiielnsewing membranous
nephropathy ¥iaugunil (primary MN) wagwilayfegil
(secondary MN) ffintundsnissih HSCT leuandlily
A151971 3
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Clinical Pathology JNST

A15197 3 AnuLAnEBIaNEaENeBan WlulesEnINg primary MN wag secondary MN flinfiuniemneas HSCT

| Primary MN

Light Microscopy

GBM thickening (H&E/PAS)
Holes and spikes (Silver stain)

| Secondary MN after HSCT

Proliferative features in mesangial and / or
endocapillary area

Immunofluorescence Subepithelial area

staining

Subepithelial, mesangial, subendothelial, and
extraglomerular area

Subclass of
immunoglobulins

Mostly 1eG4, variable
amounts of 1gG1

gG1, IgGd

Complement C3, C4, and rarely Clq

(3, C4, and Clq

Electron microscopy: Subepithelial and

Location of electron intramembranous area

dense deposits

Subepithelial, Intramembranous, mesangial
and subendothelial area

HSCT, hematopoietic stem cell transplantation; IC, immune complex; lg, immunoglobulin

ﬂlﬁ%'men membranous nephropathy
ANUNAININT HSCT

ﬂa]agﬂ’ugahiﬁLmeqms%’ﬂmﬁ%’mL’«Juﬁm%’wgﬂwﬂejuﬁ
us Siduugiingthedldsunsiteds MN 9nmseIaty
iielauazasiawy anti-PLAZR antibody Aslin1ssnuuuy
primary MN sumzﬁ;jﬂqaﬁmmlﬁwu anti-PLA2R antibody
Wizt NSNS ININAINTULSVDIUTIN LU SFU
7¥lutaany Q’ﬂwﬁﬁ sub-nephrotic ranged proteinuria
AsaunlinssneUssAuUszAnIueIn1g (supportive
treatment) vesdlsalalnawesda” laun Idandeludes
Yeund1 2 nfusieodu Lileane1nsuin uasiileniuny
Auaulafin AruAuAudulaialaeiidivue Ao
Weendn 130/80 wu.Usew Miengu ACEl vise ARB Faufiy
$1falUsAY 0.6 - 0.8 n3u/nn./Fu ieanUIualusiy
Tutlaanz eslasuuaaes 30 - 35 Alawaasi/nn./fu 1n
onsiitluiugslufieiifluiuluidengs enduilaans
ynfiameun uaztifu

@:ﬂ’mﬁﬁ nephrotic ranged proteinuria fi915a1l#NS
Shwdmneaignsliginagiiduiu (immunosuppressive
agent) SAUMIINWIMUUUTEAUUTTARIANNRINTT UaqUiu
wugai il rituximab ey anti-cD20 1uefansn
(first line drug) Tums3nwEtas MN finunendsnisii
HSCT w3efinng cGVHD filinouaussdonisinuidu
(refractory cGVHD) dmduawiavesen rituximab ALY fie
375 un/msa. v 1 duaiifuszezoe 4 Ui @nunse
Iiseiilos 6 - 12 ey wdsndulifamuseduaiuofitdu

wazsyaukeayiiuluden sudeSunalusiululaany 24
Flusynidiou nuirgthesndoimsitunelu 2 - 3 ioundy
N3350 MNLURDUALBIRBNITS NYINENSILIUIU 6 LFDU
awnseliien rituximab 88nduaded 2 Tunsalildanunse
W1deen rituximab 3oy Ulelunavauesran1sinw
IﬁﬁaﬂﬁmWLﬂﬁauaﬂLﬂUﬂ&ju calcineurin inhibitors 9y
cyclosporine wWI 3.5 - 5 un./nn./3u %39 tacrolimus
U9 0.05 - 0.075 UN./AN/IU WU 6 Leu' >

Gy

mmﬂmﬂﬂamaﬁimﬁwuiﬁmﬂﬁqﬂmwé’nmﬂﬁm GVHD
fie nguemslusAuilulaangiAnainlsa membranous
nephropathy a1gasnanduiusiunIsanvsenens
nagiAuiu vselasuansuivanmlunsegn ne1Ba3sine
ypamaiinlsadilinsunalniiuide uiduivgiuininen
nalnyes cGVHD vihlvinsaiuauvasszuugiAuiuiingg
AnUnf wozdsnasens B-cell uay T-cell AoliAnnis
vnduiadeifermnglulnawesda dagtudilsifuumig
ns¥nuiidau Taen1sdnwinountiuugiliinuiau
AusuussvesUInalusiuislutlaans mafinnuguuss
vodlsaunuuzlii rituximab 1Wuendusn waglifanu
seaumTueiiunayseAuneayiuludon iufeUsualusiu
Tudaanzndanssnu nsdiiilinevauswieliannsath
flag1 rituximab 81aWa1518NGY calcineurin inhibitors
lugdudnaly
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