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Renal adverse events of immune
checkpoint inhibitors

Supawattana Phapun’, Eakalak Lukkanalikitkul®
'Division of Nephrology, Department of Medicine, Faculty of Medicine, Khon Kaen University, Khon Kaen, Thailand
“Center of Excellence in Kidney Disease, Department of Medicine, Faculty of Medicine, Khon Kaen University,

Khon Kaen, Thailand

Abstract

Immune checkpoint inhibitors are new cancer immunotherapies based on the principle of stimulating
the immune system to eliminate cancer cells. There are three types of immune checkpoint inhibitors including
anti-CTLA4 antibody, anti-PD-1 antibody, and anti-PD-1L antibody. The mechanism of action involves the inhibition
of the immune checkpoint, thereby activating T-cells to destroy cancer cells. However, enhancing T-cell activity
also leads to immune-related adverse events that can affect virtually any orean. The reported adverse events in
the kidneys include electrolyte imbalance, slomerular disease, acute kidney injury and acute rejection in kidney
transplants. Acute kidney injury occurs in 2-5% and is presumed to be immune-related resulting in acute
tubulointerstitial nephritis. Withholding the drug and administration of corticosteroid are the mainstays of
treatment. The medication may be rechallenged after the improvement of renal function. Glomerular disease,
although uncommon, can be manifested as nephrotic or nephritic syndrome with variable pathology. The heightened
T-cell activation is likely the cause of acute rejection in kidney transplants. There are currently no recommended

treatments, therefore, it is advisable to monitor the patient closely for any possible side effects.
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*audnududanisnisunmdlsale nninergsmans Aaunmemans UnI1ImeIaeveuLny

UNAnge

ns¥nuilsauzidsdasenduiinisiauisuyumanesd Wunsdnviuuludlasedenisnsedussvugiduiu
dierdnwaduzise Tutagtufionlundud 3 sdaflldlunisnulsauzse 16un anti-CTLAG antibody, anti-PD-1 antibody
uay anti-PD-1L antibody mdfudsBuyuanossdsmaliisadlisunisnsedu nndulduinaemadusndedniinis nsi
sruupdfuldsumsnseduilonainliiAnnmzunindeudestozeineg lusnenie Tnenadrademedulselanulddaus
indeusiinuni lsmmastnaiegda naglmnedeundu warnnzufasleludinedlisunsugnaela gifinisalveannzlnne
Boundunuldfesay 2-5 WednAnannsiszuugiifuiuluvinliiAn acute tubulointerstitial nephritis @1115030W7
Fromangnensiufunislfnesilaaiivsosd enafinrsanliordildidonisheumedaity samdlnamesdanuldings
omsiwUlnsinuaziuulnsin uazwuinddnvazmanedivedivainvans drunnzuaslealufiaeldiunisgnaisla
deinduwamanmsifwadldiumansedu Jagiusihifuumsmsdnuvnmngunsndeunslaiidanu Sauugiliaam

waziihseaUlgeglngdn

AdAey: Laflvade; wziss; Tane; leundy; Tesniau

UNUI

ﬂejmmﬁﬁqm%(é’uéy’mﬁﬁwmuﬁamguLszmwasjéi (Immune
checkpoint inhibitors; ICPIs) teigninanldlunissnuiuess
vanewdn Wesnldnanissnwniia fanuvasadeinniy
guaiiv1inuazanunsaiudnsnissentinuesion Jaun
ICPIs az8uda immune checkpoint fifuvitia T-lymphocyte—
associated antigen 4 (CTLA-4), programmed cell death-1
(PD-1) %39 programmed cell death ligand -1 (PD-L1)"?
Aansnseduniiduiuiiesihaiswaduziie egndlsfinm
gnguilorviliAnnneunandeuiiduiusiussuuniduiu
(immune related adverse events, irAEs) WIINNITNSNTIU
nalmannnisldien 1CPIs wulives wiflanuddayilesann

g1avhlinssnwlspuziesosrzasnsodaangnnissney
sfannzunandounislaiilugniniuteiisuusmie
FeTnld uneanuiisnanfeeudiuguvesssuugiduiu
Tunisidnwaduzisy, ﬂaiﬂmw‘hmuuazmsaaﬂqmé
suwdnalnnisifiannzunsndeuniagiiduiuvessn ICPIs
uardnwazanzumsndeumdlafionanuainmislion sads
WM Ataduuazn s

nsTUIUNIINTEAUTIWAR (T-cell activation)
vasszuupAuiulusanie
sruugiiduiuvessuneiminidaielsanasiwad

N o

NiidnwazAnUNG WU waduzis i szuugiduiulaeniude

JuUseiusussana: A 6y
dwa: airphapun@gmail.com

SUunAIIN: 15 §UIAN 2566; UTUUTUALY: 28 §uaIAN 2566; FUATIUN: 7 1nTIAY 2567
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1Y

(innate immunity) wagszuuiANAuTIAnn1emds (acquired
immunity) Taglannzszuuniiduiuiitianiends daaw
adlunsminwaduzdiunisinuresiivad Sudu
PINMITIaaTIkanIwoURIL (antigen presenting cell; APC)
UNAUDLOURALIUNIY major histocompatibility complex
(MHC) %aag"wﬂ’maa APC unfiwaanienisiuiu T-Cell
Receptor (TCR) uuRwesiiwad ndayaiasd 1 10unssug
WOUALAY (Antigen recognition) siosnasiiin dayayiasdt 2
doyayausilunisnseunisyihauvesiiisad (Co-stimulatory
pathway) lag CD28 vuiivesfiwas awduiu CD8O se
(D86 vuiIwee APC nszfulivias asnalelalasing 9
fiddey e Interleukin2 (IL-2) S?fwzlﬂﬂ'ﬁsﬁué'zgﬁymﬁ 3
diansifinsiuiuvesiiead (T-cell proliferation) uay
\Wasuanwvesiiwad (T-Cell Differentiation) Tinaneidu
Fffector T-Cell sauvaiinnsadrdlalnlasing q ilerdn
Wolsauaziwaduzield (3U# 1)

Dendritic cell Signal 2

v '
Y] =

dmsunalniluddudedyeraf 2 (Co-inhibitory

o

1 a

pathway) loun CTLA-4 %aaguummmﬁt&uaa‘amm CD28
JUAU CD80/86 UURIUBY APC [WULAIRUNITIUAUTENIN
PD-1 ffu PD-L1 %30 PD-L2 axdsmalifiinnistiudanisvien
Y83 CD28 \inN13nseAu Co-inhibitory pathway lag PD-1
wuvuivesimadldfunsnszduuda (activated T-Cell)
dau PD-L1 wuldluwadvesssuugiduiu wu fwad,
Jwaa, wadnulasin, LLuﬂIﬂsW’mLLa:L%aa‘Suﬂ WU
wasuziSe, wasnTwiaenden, wasiuseu Wusy v
pD-L2 wuldluwadvesszuuniduiuvindy lunsdifivad
Igsuitesdnyanai 1 uaglildsuduanad 2 asvilviiead
ldnovaussnalaudlau (T-cell anergy) Fudamsiiusuan
waznsasLan NveITivad Saadiy regulatory T-Cell
Fadumadiiiunum diglunisnanisnouaussienifui’
(Uil 2)

Signal 3

Increased
production
of IL-2

i

Signal 1 Calcineurin

pathway

Activation of
IL-2 gene
promoters

ol

UM 1 wananszuun1snseduileas (T-cell activation) 3 dayayiad

<

e &

au?l 1: TCR vuiwasduseuRiauntiaueniy MHC iRl APC inn1s3usuaumiauy
el 2: CD28 vuihiwadduiu CD8O w3e CD 86 uuia APC iudyaausinduadunavosdyand 1 fanisnseduiivad

MaAansasslalalailag o Addegyas IL-2
=] e a Aa s v 2 o o v s a o -:4' v ¢
i 3: IL-2 ualalalatsineg luusnaniwadgnnseiussiludmumueliigadiinduiuiasdsuannliduiiead

o

D D

e
b o2

YUANN99)
TCR, T-cell receptor; MHC, major histocompatibility complex; APC, antigen presenting cell; IL-2, interleukun-2
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Tumor cell or Antigen

T-cell
TCR signalling

Co-stimulatory pathway
« Proliferation
« Cytokine production
« Preventive of angergy
« T-helper cell differentiation

P Activation

Co-inhibitory pathway
* Anergy
« Inhibition of proliferative
and cytokine production
* Apoptosis
« Increase regulatory T-cell

APC
MCH TCR
Costimulation
CD80/86
CTLA-4  Competitive receptor
R— binding

Downregulation of
TCR signalling

PD-L2

PD-L1

v

JUN 2 wadnsves T-cell activation lagnisvirunudyaid 1 uaz 2 denisnevauesesszuugiiquivlusunelay

q

LEAINAUDY co-stimulatory pathway Wag co-inhibitory pathway

UNUIMUBY immune checkpoint inhibitor sian1s
SnwlsAuziS
wanugiSaInIsanaundnaInn1sinatevesgiAuiy
1AeN3EAUN1SYINaUYRY immune checkpoint Usenaumie
CTLA-4, PD-1 way PD-L1 %1% Co-inhibitory pathway
¥ty dealiiwadlinevaussseuaufiauves
waduzisadslddnisiarswaduzise lagen ICPIs 39
vJu monoclonal antibodies %VLUE"J'UE"?&V; CTLA-4, PD-1 %38

PD-L1 viliflwadgnnszsu wazaunsavinanswaduziis
1eluiign wuimisinudiheuzidadiesn ICPIs Wiudnsn
nssentinlauTiuwazdnsinissendinlaelsaasy Tugdae
LS maneyie wu melanoma, non small cell lung cancer,
uroendothelial cancer, renal cell cancer Wusu Uagduen
nauildsumssusesnesdne s waveuisanigening
(FDA) TunsirunldsnelsauziSeriinneg® dananslu
A5 1
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M13797 1 81088 immune check point inhibitor Ikunawnalnnsiukazdeywnesdng emsuazeanigonEng
gousulunsthunldSnuwlsausse®

nalnnsvineu Foustlumsinunlsnuzie
Anti-CTLA-4 Ab Ipilimumab CRC? melanoma, RCC*
Nivolumab CRC, HDD, HL, melanoma, NSCLC, RCC, SCHNC, SCLC, urothelial carcinoma
B-Cell { h , ical , gastri , SCHNC, HCC, HL, la-
01| etz (>4 gt e e s e
Cemiplimab Cutaneous squamous cell cancer
Atezolizumab NSCLC, urothelial carcinoma
Anti-PD-L1 Ab Avelumab MCC, urothelial carcinoma
Durvalumab NSCLC, urothelial carcinoma

Ab, antibody; CRC, colorectal cancer; CTLA, cytotoxic T-lymphocyte-associated protein; FDA US, Food and Drug

Administration; HCC, hepatocellular carcinoma; HL, Hodgkin lymphoma; MCC, Merckel cell carcinoma; MSI-H,

microsatellite instability-hich cancer; NSCLC, non-small cell lung cancer; PD-1, prosrammed cell death 1; PD-L1,

programmed cell death 1 ligand; RCC, renal cell carcinoma; SCHNC, squamous cell head and neck cancer; SCLC,

small cell lung cancer; “In, l95927Y nivolumab

nalanisiianiazunsndaunislaiiinaineingy
immune checkpoint inhibitors

ofinisldengu ICPIs Tunsinwilsaugids ICPIs vils
fwadlasumsnsyduinanisunsn- deuiduiusiugiduiu
(irAEs)’ AdneAaIiunISAn autoimmunity ABaiEIZANN 9
TageToaginumniigaldun famils ssuunmafuemns uas
szuusionl$vie® (Ms1afl 2) dwiunainadsmnilanutes
LwiﬁmmﬁwﬁtgLﬁaamﬂwuqﬂ’aﬂwsﬁﬁuﬁu wazdlnasionis
Shwlsuzise W viliresszasnisinulsausiasovili
mssnwatiesnennazdeauilunnzmilanon’ Yagliu
felamsunalnninifin irAEs ¥y Ssenaiitladenisdiu
wugnssy WowAuasmaiiieades nnisAnuideidedn
1iAn9N 4 naln el (Ui 3)°°

1. iloeanen ICPIs 1u monoclonal antibody dlolusu

fulusuilalaenss denalidinisnszdulsiiAnnisdniay
wagtinnisvianewaatuls

2. 91 1CPIs fualunsiiinusiuiuves activated T-cell &
N3 tumor antigen weiluu19nsa LeuAuTaguY
RvsawaaUnfenadianwueadgaaenu tumor antigen 3
#I tumor antigen aguURIIAIUNF VIl activated T-cell
WnduiuleuRUULRImadLasaewadlulala

3. 91 ICPIs finalsf autoantibody sielnfifiegudanou
18508 (preexisting autoantibody) WS LALINNTY 150
eilnariliidnanieadne autoantibody delaindulul (de
novo autoantibody) dwavilAAnnssnia@ulagynatewaala
AL

a. 1 1CPIs liAnnsadslalalasduiiasing o inntu de
nalmAnnsenEUTedla

https://he01.tci-thaijo.org/index.php/JNST/index
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A19149% 2 l5ALare1n159AAYn Immune checkpoint inhibitor associated immune related adverse events sinaigzmnige

2987 ‘ TsAuazaN1siiny
e ON Vitiligo, Psoriasis, Rash, Stevens-Johnson, DRESS
SYUUNLAUDINIS Pancreatitis, Ileitis, colitis, Gastritis, Hepatitis
syuusonlivie Thyroiditis, Hypophysitis, Hypothyroidism, Adrenal, insufficiency, Diabetes mellitus
#1 Conjunctivitis, Episcleritis, scleritis, Uveitis, Retinitis, Blepharitis
szuulauaziduidon Myocarditis, Pericarditis
SZUULAON Hemolytic anemia, Neutropenia, Thrombocytopenia
JrUUUsEAm Neuropathy, Myelopathy, GB syndrome, Encephalitis, Myasthenia gravis
seuuMBAumela Pneumonitis, Pleuritis, Granulomatosis
‘i:UUﬂayﬂm‘ﬁaLLazﬂisQﬂ Myositis, Arthritis, Dermatomyositis
I Acute tubulointerstitial, nephritis, Acute tubular necrosis, Minimal change disease,
Membranous GN, Necrotizing GN, FSGS, C3GN

C3GN, C3 glomerulopathy; DRESS, drug-related eosinophilia systemic syndrome; FSGS, focal segmental

glomerulosclerosis; GB, Guillain Barré; GN, glomerulonephritis

Anti-PD-1 antibody

Direct ICl binding

to cell surface A A
(CTLA-4-mediated) activation » L A '
” Pro-inflamsnmatory
Autoantibody, 4 cytokines T-cell proliferation

production 3

Autoantibody-mediated

\damage
» 4

T-cell infiltration

Cross-reactivity

JUN 3 nalnnsiinnnizunsndeunmslnainnislder immune checkpoint inhibitors

J Nephrol Soc Thail 2024; 30(1): 1-15 https://he01.tci-thaijo.org/index.php/JNST/index
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Tayan1IzunIndounielanaingingy immune check
point inhibitor #un91nn1sidenadiinszesii 2 wie 3
wazn1391eudlae nganunsautsnnizunsndaunialey
4 ngu lawn angaugainfeusiaund lsavedlnalweida
(glomerulopathies) n1aglanadeunduiifinnnuisites
f1u ICPIs (Immune check point inhibitor associated acute
kidney injury, ICPI-AK]) Wag Wansenuwessl ICPls #anIs
Ugnengls

Aazdunandausiaung
g1 ICPIs duiusiunzaunanisusinunivaleviin
Anulauss@s A1y hyponatremia hypokalemia wag

11" A19% hyponatremia Uunnzauna

hypercalcemia
inFeusinunfifinutosiian felsenugtinisaifuriosas
1.2 qufiefeway 62" Tnedvaduides laun nslden
ipilimumab, mslasvetulaanzuaglalanuiinm® wuin
finanenalnirlifiinn1iy hyponatremia finuldvese
Mg syndrome of inappropriate antidiuresis (SIAD) wula
Fovar 36 9ranuTuduAudaUnAURssTUURBUlI VD
(Endocrinopathies) ®Wu hypophysitis, adrenalitis wa
thyroiditis™ FawiilAn hyponatremia 1aa1n 2 naln leun
cortisol deficiency Wag hypothyroidism @3y cortisol
deficiency WadnAnannsit ICPIs nseaulviiin hypophysitis
dwaliiia panhypopituitarism taz secondary adrenal
insufficiency #1431 uaﬂmﬂﬁwudw ICPIs vlvlAn adrenalitis
waz thyroiditis lalaenss dwwalvitin primary adrenal
insufficiency wag hypothyroidism a1uu1™ wuinstasu
gIngy anti-CTLA-G JAuduiusiunisiiin hypophysitis
wndign vnigiengu anti-PD-1 Wag anti-PD-L1 duus
fun1suAa thyroiditis mmﬁqm“

N133N¥1017% hyponatremia 91n SIAD $nwuilou
Usgrnsald 1éun madmirdamfunisiuuseniugde
N3NNI vasopressin antagonist @1UN15INEIAIIU
Anunfvessyuuseulivie dulngiinidunisagdenins
Tududeslasunmsshuinesesluumauny 1wy glucocorticoid
30 thyroid hormone N33 ICPIs anusasiiusaly
IeshensnaunusesTuuimnzauaugiuly™

Mg hypokalemia wulduoyse331nn12 hyponatremia
Tgufinisaluszanaiovar 19 nalnlunisindslinsiuuuda
91998t AnNNaEENTEUUNIAALEIMNTIINA I A L
Tugydntauaine ICPIs (ICPIs mediated colitis) #3991n
nsasden19lnaInande renal tubular acidosis™
AMg hypercalcemia TugthedildFuen ICPIs shmulugfiae
fifiszsu parathyroid related peptide (PTHrP) éjdﬁﬁu
9N ICPIs, uzi59wiin sarcoid like granulomas waviUae
lsauzidsszozana’®

lsavaslnaluagad (glomerulopathies)

nmansatuilelaluftisuzdeilasumsdnudee,
ICPIs wunegnSanmuedlnalueida Usvunuiovay 3-8
Fangrdanminudanuvainvate lasauisauuslse
vaslnalesdaiiieatesiuen ICPIs mue1nsmsaddnle
il

1. nephrotic syndrome weranmiinuldn minimal
change disease, focal segmental glomerulonephritis,
amyloidosis ez membranous nephropathy

2. nephritis syndrome wean ndinulaun pauci-
immune vasculitis'’, complement 3 glomerulonephritis
(C3GN)*®, immunoglobulin A nephropathy"’, IgA dominant
postinfectious glomerulonephritis®’, anti-glomerular
membrane disease, thrombotic macroangiopathy, immune
complex glomerulonephritis kaz lupus-like nephritis™

NASMUNMILITIAUNSsuog1adussuy (Systematic
Review) w94 Kitchlu wazaaz’” werdanmiinuvssiian
f® pauci-immune vasculitis $98/ay 26.7, podocytopathies
Souay 24 uaz C3GN Jovar 11.11 luftheidlanedeundu
Tusihiinng acute tubulointerstitial nephritis $21#78
dwsunalnlunisifalsavednuesdadalinsiudanu®

Jagdunulsaveslnaluegdaiiinaineangy ICPIs
wpnARfumILuAazydavetsLasliiLuImisnIssnw
Adumne egndlsfinuannnsmeaugtae wuiithednilng
AoUAUBIRRNTIINWITENMIMYAE ICIPs Saufumslvienaes
Alaaifusend uazerafinrsuilioinagiduiuduiiufy
Tumedilineuaussdonisdnu®@ssit 3)

https://he01.tci-thaijo.org/index.php/JNST/index
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A13199 3 Jeyarenugileiialsavednale3daainnislden immune checkpoint inhibitors

amsuanamslanas

v d N133nN NaN153INeI
Tspvaslnawesaanny

Y
3189UH U

nsneeugileildaueingy anti-PD1

Daanen® Nephrotic syndrome, FSGS DI + Steroids + MMF Remission flowed by
proteinuria relapsed
Kitchlu® Nephrotic syndrome, MCD DI + Steroids Partial remission
Mamlouk'’ Membranous nephropathy DI + Steroids Remission
IgA Non proliferative lesions DI + Steroids + MMF + Infliximab | Partial remission
Focal necrotizing pauci-immune DI + Steroids + plasmapheresis | Partial remission
glomerulonephritis + Rituximab
Jung” IgA dominant postinfectious DI + Steroids + RRT Remission

glomerulonephritis

Cortazar”’ Pauci-immune GN ANCA negative Steroids + Rituximab Remission

Ashour® Diffuse endocapillary proliferative GN | DI + Steroids Partial remission
with cellular crescents, Complement
3 glomerulonephritis

Gupta"” AA Amyloidosis Tocilizumab No recovery

Membranous with lupus-like features | IVIG No recovery

ns5eaugUlenlasuengu anti-CTLAG

Mamlouk'’ Nephrotic syndrome Endocapillary DI + Steroids Remission followed by
hypercellularity relapsed
Gupta® Pauci-immune GN DI + Plasmapheresis + Rituximab | No recovery

n35518a1ugiaeiilésueangs Anti CTLA4 + Anti PD-1

Kitchlu® MCD DI + Steroids Remission
Mamlouk'’ Focal segmental pauci-immune DI + Steroids + Plasmapheresis | Partial remission
glomerulonephritis with no crescent |+ Rituximab
MPO + ANCA
Fadel® Extra membranous and mesangial DI Partial remission
deposits (IgG, IgM, C3 and Clq)
and + ds DNA

ns5eaugUleilasuengs Anti PD-L1

Gupta®” Pauci-immune GN Rituximab No recovery

ICPIs, immune checkpoint inhibitors; FSGS, focal sesmental glomerulosclerosis; DI, discontinuation immunotherapy;
MMF, mycophenolate mofetil; MCD, minimal changes disease; RRT, renal replacement therapy; IVIG, intravenous

immunoglobulin
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aaglaeeunau
amiglameoidsundundunnzunsndeuiinuvoslugiae
ug13s nuNeldsu ICPIs Anlanedeundy aname
Flailéiieados ICPIs Ussanaderay 17 Fadulngifnain
nsmaiuaznisiade Turueiinisifalaneidoundu
ffieadeatiu ICPIs (ICPl-associated acute kidney injury,

ICPI-AKD) wulseanaisesay 2-5%7%

risk factors and outcomes
of acute kidney injury (AKI LLazLﬁﬂlmﬂmaﬁjuwé’u?uuiﬂ
(AeSueftuiiaue NPt 3 whrdesnnni 4 fiadndu
fawndansuselasunisiivanauwnule) Sesay 0.6 lag
ave) ICPI-AKI fiwuvsefign Ao acute tubulointerstitial
nephritis (ATIN)'"#*
a1nn1s@nwinudadeidesfivinliiAnng ICPI-AKI
ﬁamiﬁ‘liﬂlmL’%ya%“aagjl,au”'”proton pump inhibitor (PPI
nsilvsEiRianzunIndounieiiauiu (irAEs)>*'proton
pump inhibitor (PP Lagn151@5u81 proton pump inhibitors
(PPIs)*****proton pump inhibitor (PPI usnannslasuen
PPIs azLfinmnudessionisifin ATIN Tuauund wuiinislesu

[

&1 ICPIs $2uffu PPIs iiun1siAn ICPIFAKI Wednuinain PPIs
wifiunmsuSioufauvesiiwadantuen ICPIs Wunsedu
HadsvhlfAnnisnouaussououfivay (loss of tolerance)
Tulpauun dwmfueriiinliiin ATIN 3u 1wy gngu
Non-steroidal Anti-inflammatory drugs (NSAIDs) %30
g1UfTusidelisuiu ICPIs mslduniandiszianisiin
ICPIAKI $hewuiiu® uenanniidfamuiinstien IPCls saurfu
2 31 W anti-CTLA-G 591U anti-PD-1 %39 anti-PDL-1 9%
wislenaiia ICPIAKI 31ngau?

desnfihouzdainagiinanduiotesniiauun
Favdwasoapiuefiiu nslidfemnsiinanglane
deundudlifivefvuasauduiidanu nsmonugiae
Tuns@nuengg Jedeeninuaaideinlunisensdauaz
Fudusesdmstmuamirinanusmilusuan® lngau
Juusadlnedeunduainnissnnidlegiduiuita
aunsauuslamiu The National Comprehensive Cancer
Network (NCCN)*® #39uus014 The American Society of
Clinical Oncology (ASCOY” Fauanslumsnsd 4

o w

A19719% 4 ﬂ’ﬁﬁi’]LLUﬂﬂ’JWﬁJjULLiQGUaQ‘lG]’N?JLﬁﬂUWﬁu%’]ﬂQﬁ@ﬂJﬂUU’mﬂm’]iﬂ NCCN Version 1.2019 uag ASCO

ANINAAITY

NCCN svdu 1 |Suefiluiinty 1.5-2 wihwesriurdenduefiduifiutusud 0.3 fadniusendansainaiy
syfu 2 | AlweRituiiniy 2-3 WihwosA iy
svdu 3 |suefiluiintuinnndy 3 whesriuriennni 4 fadnsusendans
syfu 4 | PSuefiluiintuinnnit 6 whuesrfuvieiifousddesinunitanaumile

ASCO Seau 1

ASLONLUNLTIU 1.5-2 WiIN9ALALNTDATWLENRUALNINATN 0.3 HadnSUABLATARTINNALAL

1) a aa o X ' I a
SEAU 2 | ASWENRUANTU 2-3 1WA
SYAU 3 | ASWRNNWNLIULINATN 3 WNYIAANMIININNTT 4 HaanSUADLATANTVS LU U aIUDY
Tsaneuna
SEAU 4 [AnMELnsNYaunliounsusedIndaliveusinaesnwirdanawnule

NCCN, The National Comprehensive Cancer Network; ASCO, The American Society of Clinical Oncology
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dUe ICPI-AKI 91alifiennisiiaundle o usnsiaiden
wuansinuvedlafianas wag/vmiensandlaansiinund
finuvesio nsnuidadenu, Wadoauns waglusiu
Tudaaniy duenns classic triad 989 Acute interstitial
nephritis W 14 iy uaz eosinophilia wusieadniios®>
1NNITANBINUINNTIE ICPI-AKI finagtAngudunisiie
irAEs 91NN15AN®1909 Gupta WazAuzs™ wunisiia ICPI-
AKI $aflunTIy IrAEs Sowaz 43 wuRediunan1sfineues
Seethapathy wazAmy® wums 2 Amvsiildddovas 87
Tne¥oaz 33-62 019NUNI5LAA IrAEs foufiaziinnny ICPI-
AKP® Fsornisiinusaulaves fie fiu sushiau (hepatitis)
Inseunsniau (thyroiditis) uagaldlnedniau (colitis)™**
Taen1snunIe irAEs J9e139ziinnouniensautunis
Anlameidsunduazaiiuayuniz ICPLAK 11ntvu’ aghdls
faudUasenatinnglanelaglifionnisdu q sruuay
Tuvnineasanulaainzund® szoznanlunisiinlaning
W@eunaundslaen ICPIs dszaznatliutuou H91891uny
s 6 89 37 danivdanniuldulasadvogii 14 dUa
waziade 2-3 dUanivdsnnldoiadmdsae

FhefiAnlanedeundundaldduen ICPIs ns1eads
lasunisasiamanng laenisdnUseiAuasnsiasianie
wudeafudtaslanedeunduialy wu nmsved e
AnunAvesnislvadeuladin msfinde snduqiifuaelésu
LLazqumﬁuwmauﬂamw i msnatiaansiile
wilndenuaz/vselusaululaany uavnsiasziunsueRiiu
uazindeusludeniiioUssiuauguusasnnzunsndou
msla mngUlsiiennisiaunfnatgseuusiuduainniie
irAEs aufufidadeidesionniy ICPFAKI fefinanisndnadu
dornduteatuayunisidadoinanvaveslaedoundu

Yhasiinene ICPIs daunsnsasansenanlanasasaty
iolnonafiansanasialusefiuunvay wensanmilaly
Q"ﬂ’w ICPI-AKI wutdu acute tubulointerstitial nephritis
(ATIN) mmﬁqm 1119w Acute tubular injury, thrombotic
waznuswiulsavednawesdald

microangiopathy'"**

dmsunisasaatuiioln NCON wuzdildiansannsiadu
dolalufitheiifimeiuefifiufutunniunnni 3 wvde
1N 4 Taansudendans® eglsinnu ASCO wurihlien
nedAlraiesenslnglidonansiuiioln lunsdfiresusiiau
Wuduannidy 2-3 wikaglunvanvnvedlanedeundu
waninileane ICPIs™ uaﬂmﬂﬁﬁﬁ%mzﬁwmﬂﬁﬁmmm
Tummemsfinniimssfinsanaziuiels lunsdiifiae
linevaupiran1ssnwInlvenashladifiesesn nSoaede
ANNRVBIN1IE AK mﬂmm&;?iw%amé’m'wﬁiiﬂsm
Tnawesdataude uarlifiderulunisanatuiela®
NANNITININIE ICPIFAKI Usenaumenisvgngn ICPIs
Faufunisliennesilaaiissess dedadusmanlunis
$A¥1 1AN15ANEY multicenter study ve9 Cortazar wag
ARz 518U ICPIFAKI d1u 199 seflssumssnwm
A881ADIALAALATOEA NUINSeEaY 87 A1sYINIueLls
fau eehslsfimulutiagtudslifenudfeiidunimaaes
LLUUEjMLLaSﬁﬂa:uﬂ?Uﬂu (randomized placebo-controlled
trial; RCT) Tuns@nwnavesnasiladifissaanmnon1ssne
ICPI-AKI %@Qaﬁié’daummﬂumiLﬁuﬁaaﬂamﬂmié’uﬂm
wuluusasmsaneiiauuansnaiuiis suinen 3annsle

17,25

YA TEEZIAIN1TINY T YU Gupta tazAue’ WUzl
W1 sUsELIULAENST YUY ICPI-AKT fauana

WNUNHN 1
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HUawuzi5enleiuen ICPIs

\

Toanedeundy
Tanedeunau Tanedeunau
Seau 1 S¥AU 2/3
0 e X Tanedeundy -
Tanedeundunau oo ¥ USnwroaswnndlsaln
Y . AvsSoluINnTY  — "
Tvien ICPI sim neme ICPI
wenen ICPI .

v

v

Tanedeunsuaiaiiiawnain
ICPI-related nephrotoxivity
$HIINNINTUDIUITLFET*

Tonedeundulaine tes
fiugn ICPI
(Wumsgasunsiudaanie)

v

91adanvgdunyiilane
deunduuazlsiifeving
Tunseduiioln

\

wETuiioln

I
v v

ATI %38 non-ATIN ATIN; Shweine
&ulvien ICPI BnAsy . dfleseyd
Wean1svinauveslnnay Sulvign ICPI BnAse

Wan1svinauveslnfnauy

ldanvmdunvinlilane
deunduvseliidveriu
TunseBuilela®*

v

wilvamsuedlane@yundy
(5uilvien ICPIs BnAsa

'

Shwmiuafiesesn

\

Asynauvealalifiuay

VERIAR

LLNuQﬁﬁ 1 LquqﬁLLamLmeqmsﬂizLﬁuLLazmi%’mﬂﬂuﬁmﬂjaaé’smw immune checkpoint inhibitor associated

acute kidney injury”

ATI, acute tubular injury; ATIN, acute tubulointerstitial nephritis; ICPl, immune check point inhibitor

va a

*JSEUFEI9INNITNUNIUNITIVEN AN 10 NI1535UEITIUAY PPIs, TUsyIannn1Izunsndounginunuuenls
“goriulunsersdudeln: n1slasverazareduaonss neauaudeniinuaulily

ASCO™ uag NCON” wugthia15ainssnyInNuALTuIs
vaslanedeunay lnswugtlvivensl ICPIs Winew way
Gudulyinsadlelau 0.5-1 fadnfusenlansudeu urgiae
loesausszdud 2 JulU winnsiiauvesialafity
forsufivswamsailalowdu 1-2 fadnfudenlaniu
Aoty Tng ASCO wuzinfinvuinginielu 1 dUansi

minmsvhauveslalalfidy uazvgn ICPIs ansmndllane
Fawsszaudl 3 Fuld dau NCON wuifiansanlden
nagiidudutfiniAvlunsdliilioinesdlaanesosd
Hunan 1 fasiudadedilanedussziui 3 ull W
mycophenolate mofetil, cyclophosphamide, infliximab
38 rituximab warmnmsvereslanitukarnglnang
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anaaduseiuil 1 Aosfinsananvuinvoseinsndlelauas
Tngo19vglvisnuuannndt 4-12 dUaminasinnsanansees
nafiliaslugvaeifinadiuissnneneiflaaifesess
Tugtaeifilanneidsundusuussaudoseulsmenia 819
fsanvienesilaaifeseunsilnda wu wiamsadlalay
250-500 fladinsusiedulu 3 Juwsn® udinisliiemresalea
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A5l immune checkpoint inhibitors ez?ﬂug?ﬂw
fiagiinnng ICPI-AKI Tuiaguudslifideasuuidamnsy
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ARNIUNITNEABILUUN1IT019d maran155 Ny lsANzIS
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ﬁaLﬁué’mwmﬁﬂﬁmﬁimﬂqﬂdw (renal allograft rejection)
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fazdngildsunisugnaseisazesnainnisiinu feya
AlsFanmnmenenugiihedudn’ Tmsseauhitheugn
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Yovay 55° §ams7l anti-CTLA-G fuwaltimsufiaslagnane
1e8N71 anti-PD-1%38 anti-PDL-1 8199giN51271 anti-CTLA4
funuwlunsnseduniduiuiidesiindeadundn d
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Sodium-Glucose Cotransporter 2 Inhibitors in
Acute Kidney Injury

Anyarin Wannakittirat, Nattachai Srisawat

Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand

Abstract

Acute kidney injury (AKI) is a common complication in hospitalized patients and is associated with an increase in
morbidity and mortality. Moreover, patients with a history of AKI have an increased risk for congestive heart failure,
rehospitalization, recurrence of AKI, progression to chronic kidney disease, and end-stage kidney disease. Currently,
there is no specific treatment for post-AKI survivors. Sodium-Glucose Cotransporter 2 (SGLT2) inhibitors, a new and
promising drug class, have now been widely used to control blood sugar, delay chronic kidney disease progression,
and improve cardiovascular outcomes. By blocking the SGLT2 cotransporter at the proximal tubules, SGLT2
inhibitors result in glucosuria and natriuresis. In addition to lowering blood glucose levels, the drugs enhance the
diuretic effect, minimize intravascular and interstitial volume overload, and reduce sympathetic activity.
In the heart, SGLT2 inhibitors reduce oxidative stress and inflammation, which are protective against cardiac injury.
The inhibition of Na'/H" exchanger in cardiomyocytes can also reduce congestive heart failure. In the kidneys,
SGLT2 inhibitors can reduce oxygen consumption in the renal cortex. There is currently no direct evidence regarding
the protective effect of SGLT2 inhibitors in AKI. However, these promising mechanisms and other indirect evidence

suggest that SGLT2 inhibitors may help improve long-term outcomes in patients with AKI.
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Proposed mechanisms for AKI prevention
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SGLT2j, sodium-glucose cotransporter 2 inhibitor; AKI acute kidney injury; RR, relative risk; Cl, confidence interval;

OR, odds ratio
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The Role of Nephrologists in Management of
Toxic Alcohol Poisoning
Ployrawee Thanaprirax, Adisorn Pathumarak

Division of Nephrology, Department of Medicine, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Toxic alcohol poisoning has been reported as one of the most common causes of poisoning. It affects
cellular metabolism, resulting in multi-organ dysfunction, acid-base disturbances, electrolyte abnormalities, and
acute kidney injury. If left undiagnosed and untreated, alcohol overdose can lead to the death of the patient. Since
the symptoms and laboratory abnormalities develop quite rapidly, early recognition of clinical signs and symptoms,
as well as an understanding of the pathophysiology for each type of alcohol overdose, is essential for prompt
diagnosis and proper treatment. The management of toxic alcohol poisoning comprises supportive treatment,

specific antidotes, and dialysis.
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aeslsimunmziivsesumeiiinanueanegediiuinan
Toxic metabolites Uil 1 uansfasunuedduvesuoanesed’
Tneluduneuusn oules] Alcohol dehydrogenase (ADH)
wisiiteeendinduvesneanesed ilviasunlasiuidu
a15Uszin Aldehyde 8nliu Isopropanol flaziUdsunlas
Hu Acetone niuasdignaruaunmseandiadulasioules
Aldehyde dehydrogenase wdldsuulanduansuseunn
Carboxylic acid ﬁﬁﬁ Methanol ﬁ]zgﬂmgam"ﬂu Formic acid®
Ethylene glycol ﬂzgﬂLU§SULﬁu Oxalic acid kag Glycolic
acid, Diethylene glycol %Qmﬂﬁiamﬂu 2-hydroxyehoxyace-

Alcohol
dehydrogenase

Ethylene glycol

(HOCHZCHZOH)
Methanol
# Formaldehyde
(CH,.OH) !
Propylene glycol
oH memlp  Lactaldehyde

HBC)\/OH

Diethylene glycol 2-Hydroxyethoxy-

HO OH acetaldehyde
[sopropanol
prop CH, mlp  Acetone
H04<
CH

3

JUN 1 nszviumsLvUeituvesansiwlssinueanesed

¥1nvae Toxic alcohols waz NWIAUANEAT
(Toxicokinetics)

Methanol

Methanol \Juansilifid ndundreusansged flsavy
uazszeladie dnlfduasihavanslunsudsansniisneg
Tunaegaannssy wu dniln ddou nn Wudu Snit
galdlunsifiuAteanu (Octane booster) Tun1snan
diudemasngy dmdunaadausintans Methanol Wy
dusznavldun thendrenszansa fiuwed Yisfuadousn
ddou (Judu’
Nwaaur1ans (Toxicokinetics)’

#

#

#

tic acid waz Diglycolic acid® Propylene glycol %Qﬂma"&m
vJu D-lactic wag L-lactic acid®
SYULLIANYRINISIAATAEA 8T 19N18Ua91N LA SUANS
LLaaﬂaaaa‘%uagjﬁué’mwL%qsuaqnszmumi WUNUDATY Lay
n131e5u Ethanol Taggngtaelasu Ethanol $3usae agyinli
ASZUIUATS LWNUeATurpIkaanageddias Liesain
Ethanol Lﬁ‘;Jumﬁf??qﬁumamuleuﬁ Alcohol dehydrogenase
Feonvzshlinsifaderhlduinideminoinisuansesans
fiwanueanesedifintudninni’

Aldehyde
dehydrogenase

sl Glycolaldehyde —wmmmlpe-  Glycolate + H* _L Oxalate +H'

Formate + H*

Lactate + H*
(L-lactate, D-lactate)

Diglycolate + H"

wqaluana (molecular weight) : 32 n$u/lua

ANAT9TIN (Half-life) : 8-28 Falag

N153UAINUTUSAY (Protein binding) : 1sidu

USunsn13nszanenalusienie (volume of distribution)
: 0.6 an/nNN

A21ua1u15alunN159U90nv09319n18 (endogenous

2 0.7 wa/uii/nn

: Methanol gnivAeulagieuls! aldehyde

clearance)
WILIUDATY
dehydrogenase 1Ju Formaldehyde iag
gneendladingioulul Formaldehyde
dehydrogenase Ju Formic acid ey
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10 wazmsle Seway 5 lne Formic acid
diuun (Sevay 85) %zQﬂLﬂﬁﬂuLfJuLLﬁ”a
anduaulaonlys wavih Taowoulssl 10-
formyl tetrahydrofolate synthetase Fadu
Sumeuiitiosende Folic acd lunswasuutas
Tngund Methanol ldnelsinfivmasnenie
WA L8991NNTEUIUNITILLN U AT U VB
Methanol ¥l¥iiin Formic acid &saunse
AoliAnfivsowad 1esn Formic acid
avlududs cytochrome ¢ oxidase lu
Lulnreusdsvensad dwaldinnisdud
oxidative metabolism vpawaa

YSuraunnaldiiaiunasieanie : YSuias Methanol 9

11NN31 10 faddns v thededinle

Ethylene glycol

Ethylene glycol 1iuansiluifid fvavu ldfindu 3veme
nunsduiwludnla Im&Jth Ethylene glycol agnuag
Iumsﬁmnummﬁuqm mm‘maawu muumiﬂiamaam
ansazaneriude, Tt wazthendaan’
Nuyaauaan3 (Toxicokinetics)’
w3alaana (molecular weight) : 62 n3u/lua
A1ASITAN (Half-life) : 3-8 Flus
nsauAanulushu (Protein binding) : lidu
U3UIA5N15N328R1LUI19N8 (volume of distribution)

: 0.6 aa3/nn.

A2ud1u15luN159U88NYB9319n18 (endogenous
: 1.8 wa/unii/nn.
: IngUnAseway 30 a4 Ethylene glycol aggn

clearance)
WIUNUDAGY
FuoonuuuliBeuuuadlnele uardouas 70
szgneondladifu Tnoteulssl Alcohol
dehydrogenase T du Glycolaldehyde
uazazgniasudu Glycolic acid Tnenevle]
Aldehyde dehydrogenase Mﬂﬁu'u Glycolic
acid ﬁ]zgmﬂgauﬂu Glyoxylic acid 981911
Ingnadnsgarineazliansusenaunaneyiin
lAuA Oxalic acid, glycine way oxalomalic
acid nzidemdunsnlusisnieiinain
nsaselazavauves Glycolic acid wag
Glyoxylic acid ﬁ’mﬁgaawwumw Lactic
acidosis $audaeiiiesainiinisanasves
8m3189U NAD/NADH vilviAnufizen

3 vl Pyruvate gnivdsuudasiuidu
Lactate uanani Ethylene glycol §4913
MlAinn1agan Calcium oxalate @y
SEUUANNY 109919018 TIudeiivdnale
lagnee

Vsunasdinelhiinfiwsasianie : fUensldsunssne
winlduusunadiuinnds 0.1 fiaddnsse
Alansy wazminlasuusuiuninnin 1.4
fiaddnssienlaniu oy ligUedeTinla

Propylene glycol
Propylene slycol \Juasitldiid ndurdreusanaged

fisavy szweliine wuldlundnsusiuszianlady aduthg

Ane weslnda wémﬁm%auaﬁaﬁiﬁwé’qmﬂﬂu wagdanu

Tugnviindadnduidonan Wi Lorazepam, Diazepam,

Phenytoin lagagnunneiiwsesanmemnlyluuTinags

NyaauAans (Toxicokinetics)

waluana (molecular weight) : 76 n$u/lua

ANR39TIN (Half-life) : 1.4-3.3 d2lug

n153udaNUTUsAY (Protein binding) : laidu

U3U1MIN15N3218A2 119018 (volume of distribution)

: 0.7-0.9 ans/Alaniu

A2ud u150lunN159U09nv9319A18 (endogenous

: 1.8 ua/unii/nn.

: LLNUOATNVEY Propylene glycol Andu

clearance)

WILNURATY
cI71if;1'°uI(ﬂ‘&lfuzgﬂL?JuvlﬂjaflAlcoholdehydrogenase
Wb Lactaldehyde sntduasgnioulss]
Aldehyde dehydrogenase Waswdu
L-lactic acid, D-lactic acid wagaggniueen
3l

LY a

Imeund Propylene glycol dnlinaliinfiy

e

#8319 sml:’iusluéjﬂaaﬁﬁmmﬁ&m fail
fuaslsaladeds Tsaduidods nnefingsn
F0%1 funsss msldsuen Lorazepam n
NanapaFean1 luvLIngs (1N 0.1
fiadnsu/Alansu/aalug)
Isopropanol
Isopropanol %38 isopropyl alcohol [2-propanolol]
Wuasilyfid fsavn wulaluweansgediiarinay
azon laduniia TadudmSunilsdsue ARSI UARD
Plandannsiny’
NuaauAIdn3 (Toxicokinetics)’
waluana (molecular weight) : 60.1 n¥u/lua
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A1A39TIN (Half-life) : 3-8 4alus
n1s3uAnulUsAY (Protein binding) : lidu
U3u1IM3N15n52918A21Us19n18 (volume of distribution)
: 0.6 ans/nnN.
A2Ua1U1501UN159UB8NYB9319n18 (endogenous
clearance) : 1.2 ua/unii/nn.
WUNUBATN : Uszunadieuay 80 Uedlsopropanol Qmﬂ%"au
vJu Acetone Tnaiaulayd Alcohol dehydro-
genase druilimdevzgnivesnuuuly
Wasuudamle wagUunananiesgndu
29nN19UBA
BGunadinelifaiesasnanie : sopropanol Usuiaannni
100-250 mL envibigthedediala
Diethylene glycol
Diethylene elycol 1Juansildfid lufindu fisawinu
wuldludhuiusn wieeranuidudiudsznovvesen
Sudsemuungsiin®t
NwaauAIans (Toxicokinetics)?
walaana (molecular weight) : 106.12 n¥u/lua
AA3eT3n (Half-life) : Lsifidoyalusnud
n153uAaUTUsAY (Protein binding) : lifitoyalunywe
U3u1m3n15n32918R21U319n18 (volume of distribution)
: hifideyaluayud
A21ud U150 luN159U89nYB9319n18 (endogenous
clearance) : lifivoyalunywd
WWNUBATH : Diethylene glycol %Qﬂwgammauﬁu
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dehydrogenase LLﬁS%QﬂLUSEJuL‘TJu 2-Hydroxyethoxyacetate
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BINILLALDINTIILLEAY
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Q"ﬂwl'ﬁﬂww%ﬁué’ulﬁﬁaqmﬂﬁmwLﬁamaaﬂﬁammd’su
Putamen® wagluviesigoranunnizlall waze1n1sen
dlomnamzauesunld TnsermsnessuuUsyameranuls
windmdnTunionanedunvindaniilésu Methanol

Ethylene glycol

1LRBIAU Methanol ﬁjﬂaaﬁlﬁ%’u Ethylene glycol awdl
amsutsoanidu 3 szezldun ssazusn (30 ud- 12 $alug)
AU38aziloIN1IesEUUUsEam (Neurologic phase) ol
AMzdn e anszen teudiunindou ﬂﬁmﬁaﬂiz@ﬂ
dudszamgnihanelagianziduyszanvail 7 (Facial nerve)
vswonaliauesuin wazngladild venandienany
anmseauldenFeu wazandoududeonld svuvitaes (1224
) fasaziionnsmszuuilavaeniden wasmaiy
wla lawn Miladuss Aziiladuman azingAiniadiu
wele nnsenauLazyhane ieUsnegaBsundu (Acute
respiratory distress syndrome) Iuﬁﬂwmﬁwawwumw
SumanveteltisanesyUUTIeY SresTianw (24-72 Falu9)
FUae9zdiennisniale Tnsaznuiunaieneensiian
vlaetionistanuinntues nualnnodeundy
LﬁmmﬂﬁqLmaL%auaaﬂﬁnuamqmﬁuw’aim uenaniiss
gnamsanuamzunadeludensi Weswneenyiansui
uraledludon'

Propylene glycol

Qﬂwﬁlﬁ%’u Propylene glycol ®1afiennisialatiu
Andavngly wu stalawiudh ane prolong QT Avusiulafinsh
figvdnasvuudszamdiunans ildiAnenisda duauls
wazanunsanelfiinanzlanadsundulasnsauaninds
(Lactic acidosis)’

Isopropanol

d15U Isopropanol tu Q’ﬂwﬁﬂﬁmmmamé‘?ﬂm
30-60 Wiflaufa 3-4 Hluwdaldiuas uasaziiaumela
nauadenaldl (fruity odon) Slgninasyuuyssamaiunans
fizuusa Tnefigrsinnnin Ethanol deauin yihlWitasduau
Uradiswe auRannelaile yenandffmuennismaessuu
madiues leunnduldandeu Uindies Sennsmeszuuiila
wasvaonden MuA nzaudus Mndudenveedi
wlauindone Wesmnanviivlnenswiewadnamiie
Wila nnzlanaduundu mnmudulain waslulelnady
Tuflaany amviiaadludon mazqmwgﬁmw‘hmﬂ
WULEaA818M Ka¥N1INASTULUSEENEIUNATS LaYeND
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wunMzdaandindenunsuansausie Tngvweiineliie
SunseRevuafiannndt 0.5-1 Sadanseeilandy ves 70%
Isopropanol vi3emslaiurumsganuivuInLnnd1 2000
ppm warszduanududuludeniiinnndt 150 fadnsuse
wdans agiligaesinnuduladinduaznnglasil way
wnszduauuduludeniivinnin 200-400 fiadndusie
wadnT eravibinUiededinla

Diethylene glycol

ﬁﬂwﬁiﬁ%’u Diethylene glycol agfiain1suaniias
pauldonFou drawman duseusniauBsunduy SennsTuas
WnaMzdunInlaainnisinatessuulssamaiunans
wavdulans Tnsaraiandainiilasuansluudniv 5 Su
wazeranuazlanedounduld Taewuly 8-24 $alua
naglasu Diethylene glycol é'z’jal,ﬂumme;ﬁwﬁzyﬁﬁﬂﬁ
AUedeinla "

n1331aay

n15latayaannUsedh N13MII9319N18 TINAINAATIA
yaviesfiinng awaeliyaananienisumdannsntsd
wilaesusanosodfiaeldsuld ediheldsumsuszian
woaneged avinliiinsifinduvesdeealuaisi wax
ALAnFNesErernesalua ST IR ldase AuAeealuand
fildarnnseuans (Osmolal gap) qmé’fﬂaumiﬁ 1 way 2
Tuszozsounasiininfinturesnsndunisidunadnsgaine
yesusanagedusazadn slRinsiutuwes Anion gap Tu

@33 (Serum anion gap)

aun1sfi 1 : Serum osmolal gap = Measured serum
osmolarity — Calculated serum osmolarity

aun1sd 2 : Calculated serum osmolarity = [2 x serum Na*
(Hadlua/ans)] + [serum BUN (un/na.)/2.8] +
[Serum glucose (1n/mg.)/18]

I Serum osmolal gap Un@azdan 10-20 dadeadlia
seonlansuvenin §1A1 Serum osmolal gap wnnIUNA
waneiinsazauvesensivlminnsiuturesesdluan3d
ludon? Wwu @1sieanaged

oglsAmugUaoiilduasuoanssaduisdufionany
serum osmolal gap aglunaeiundla’™ laudn serum
osmolal gap aztiuagfuszaznanfitelduasueanased
Tneluthausniilésuansueanesed aswuind Serum osmolal
gap gjﬂ‘ﬁu wileszeznaniuly A1 Serum osmolal gap

szanas Losainansueanesedgnildsudunsndunid
uenNinsTifinefulsEmuasweanesads iy Ethanol
2zilvian Serum osmolal gap Wi (it 2,17 fedoealua
seilansutreueanegediiintu 10 fadndusiowdans)
57U Ethanol azvinlduunueaduvesweanasoddias
ylintsifisduges serum osmolal gap AIBEUIUINTY
Tun1snduiu A1 Serum anion gap ﬁlmaamﬂ'wﬁmﬁa
sravnawW vy esnaisueansgedinisasuwlas
Wunsmdunse”

agnslsfimumsifiatuves Serum osmolal gap Way
Serum anion gap lllgnefsnsiilésuansuoanesediaue
10 ilesnanznsaudnindduiden vionnealaugduiden
TsnlnFess uarlsaindenunsguifie) (sickle cell syndrome)
Avinler Serum osmolal gap wag Serum anion gap qa%ulﬁzo
d1115U Ethylene glycol ﬁqmﬁwmﬁa%gmﬂﬁamﬂuﬂm
gongan deanunsannazneuduasadalutaanne lne
TuszeziuasnuilundnlugUlalawnse (Dihydrate crystals)
sypzmautaznudundnlugulululawmse (Monohydrate
crystals) dnduesnvnantuauisasufafusaadey
FlnAndunaiBeusenyianwazyiiliiansunadeum
Tudenld? uenanidudismsasadaaneiidonii Wood
lamp TagangUaeldsu Ethylene glycol awuindlaenie
szdwaniudihender wleegnelduaei”

Isopropanol 1eH1UNTEUILAITIWNUBATY YN
Wasuwlaaduansusznnlau liun Acetone wgliinaun
Lﬁammﬁwﬂﬁﬁ%m Nitroprusside? Propylene slycol iile
FUNSEUIUNSIUNURAT axgnivdsuudandunsauanin
Hawiauea (L-lactic acidosis) wazaiing (d-lactic acidosis)®

@

FsmsnrransaudnAndaeisunaluiagiuarannsoifads
laaniznsawaninvlianea virldevluaiunsaitady
nsnudnfnadinfAigaduld ludagtuiismeitadouensie
YeIkoanagea tinlawmaliauia wiedaialasuilanii
(gas or liquid chromatography) wiifuAsivildenn s1Aung
Lazdesoddninada wagiesufURn1sidiug 3
T fuiiten

nmsinwgieildsuasUssinueansgediiuaun

FUaeiiiusy iRasdeinagldfuasusanesed vieiinny
Foadunsailimsuanvg aslisunisinwogisnd
\losanunlddunissnuniiands snezduitusiunadng
filsif minwlaemssnungtaedildsuasueanesodusziam
sinee) oteid
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Methanol

99910 Methanol 1Huansiigngaduseymaiues
pg93Ind Hedunisannisuuileu (decontamination)
Jelfivsglevilunisinen wazeravinliiinlnwannnig
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Prognostic Factors of Patency Loss of
Arteriovenous Fistula After Percutaneous
Transluminal Angioplasty

Peeranat Srivachirawat, Kumtorn Lelamali, Thitiya Puavilai

Renal Unit, Department of Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

Introduction: Arteriovenous fistula (AVF) is recommended as 1* choice of vascular access for hemodialysis (HD).
Percutaneous transluminal angioplasty (PTA) helps increase the patency of AVF, which enhances HD adequacy.
However, a slow decline in blood flow rate over time after PTA is common. The present study examined factors
associated with patency loss at 6 months after PTA.

Method: This is a single-center prospective cohort study of 54 HD patients using AVF as dialysis access. Demographic
data and characteristics of AVF were collected at baseline. The changes in blood flow rates after PTA were recorded
immediately and at 3- and 6-month after the procedure. Factors associated with patency loss at 6 months after PTA
were evaluated.

Results: The average age of AVF was 77.1 + 68.4 months. Sixty-three percent of the fistula were in the upper arm.
Central vein stenosis was present in 15.3%. Forty-six percent had previous interventions to the fistula. The most
common type of intervention was plain balloon angioplasty (90.7%). The access blood flow rate (ABF) rate improved
significantly immediately after the PTA. However, a slow but significant decline in ABF rate was observed at 3 and
6 months. The patency rates of the fistula at 3 and 6 months were 94.4% and 75.9 %, respectively. Independent
predictors for patency loss at 6 months were ABF <500 ml/min immediately after the procedure, multiple stenotic
lesions, and higher PTH level. Higher hemoglobin and lower ABF rate immediately after the PTA were independently
correlated with >25% decline in the ABF at follow-up

Conclusion: Low ABF rate immediately after PTA, higher number of stenotic lesions, and higher PTH level predicted
patency loss of AVF after PTA. These findings could help identify patients at high risk of AVF failure who might benefit

from close monitoring.

Keywords: AV access; stenosis; thrombosis; dialysis; kidney failure; ESKD; ESRD
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angioplasty (PTA) or even surgical revision.” AVF stenosis
and thrombosis remain the leading causes of AVF failure.*
According to KDOQI guideline, it is reasonable to use
balloon angioplasty as a primary treatment for significant
AVF stenosis (>50% stenosis). A previous study form
Thailand confirmed the safety and efficacy of PTA with a
success rate of 83% and 1-year primary assisted patency
rate of 68.7%.> Unfortunately, despite the high success
rate of PTA, approximately 30% of the fistula lost the
patency within 1 year. The previous study showed that
vascular access flow rate after PTA could predict future
AVF thrombosis.® A retrospective study by Henricus et al
reported that patients with diabetes had lower rate of
patency which could be improved with tight control of
the blood sugar.” Another study by Romann et al. showed
a significant risk of AVF failure up to 1.8 times after
intervention in patients with diabetes, compared with
those without diabetes.® Outflow stenosis and =2 cm
stenotic lesion were also associated with patency loss.
Another study by Manou et al showed that previous
history of AVF thrombosis, history of previous intervention,
non-white ethnicity, longer length of stenotic lesion,
>65 years old, and outflow stenosis were risk factors of
patency loss after PTA” A systematic review from Neuen
et al showed that the age of AVF <6 months and length
of stenosis >2 cm were associated with reduced patency
after intervention.” The present study explored risk
factors associated with patency loss after PTA among HD

patients with AVF stenosis.

Materials and Methods

Patients

This is a prospective cohort study conducted at
Rajavithi hospital between August 1, 2021 to August 30,
2022. Patients with AVF who received regular HD from
Rajvithi hospital and those who were referred from
other hospitals to see the interventional nephrologists
at Rajvithi hospital were screened. The inclusion criteria
were age >18 years old and having been using AVF for
at least 3 months. The exclusion criteria were failed
angioplasty and switching to peritoneal dialysis or

receiving a kidney transplantation during the 6-month

follow-up period. The study protocol was reviewed

and approved by the Ethical committee of Rajavithi

hospital (Approval number 64128) and was performed
in accordance with the Helsinki Declaration. Informed
consent was obtained from all participants.

Percutaneous Transluminal Balloon Angioplasty

Two interventional nephrologists at Rajvithi hospital
performed the procedure. The indications for PTA were
clinically or hemodynamically significant stenosis,
access blood flow rate <400 ml/min without significant
stenosis, and clinical indicator of AVF stenosis. The
procedures performed were plain balloon, drug-eluting
balloon, bare-stent, or covered-stent (stent graft). The
decision on the type of the procedure was made by the
interventional nephrologist.

Data Collection

Baseline patient characteristics and laboratory data
were collected. The ABF and brachial artery blood
flow rates were obtained from Doppler ultrasound
before, immediately after, and at 3 and 6 months after
the procedure.

Outcome

The outcomes were changes in the ABF rate and
predictive factors of patency loss at 6 months after

PTA

Definitions

Arteriovenous fistula (AVF): vascular access which
connects vein and artery for HD

Primary patency after PTA: an interval between the
time of PTA until any intervention to maintain
the patency or access abandonment.

Percutaneous transluminal angioplasty (PTA):

a procedure to open the blocked blood
vessel using a small, flexible plastic tube,
or catheter with a balloon, a drug eluting
balloon, a bare stent, or stent graft.

Access blood flow rate (ABF): a velocity of the blood
that passes through the AVF measuring at the
level of brachial artery by duplex doppler
ultrasound.

Clinical indicator of significant AVF stenosis:

a presence of at least one of the following:
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difficulty placing needles; low pump speed;
prolonged bleeding after removal of needles;
low KT/V; decreased thrill; pulsatile AVF;
ipsilateral extremity edema

Pre-emptive criteria for PTA: a decrease in ABF rate to
<400 ml/min

Percent stenosis: the percent stenosis was calculated
from the formula (1- ABF rate at the stenotic
area/ABF rate at the normal area) x 100%

Location of AVF stenosis: peripheral lesion included
Juxta-anastomotic vein, drainage vein, and
cephalic arch vein; central lesion included
subclavian vein and brachiocephalic vein.

Statistical analyses:
Data were presented as number (%), median
(minimum-maximum) or mean + standard
deviation. Chi-square or fisher’s exact test was
used to compare categorical data. Factors
associated with primary patency after PTA
were analyzed by binary logistic regression.
Repeated measures ANOVA was used to
compare multiple means of the same group.
The survival of AVF was analyzed by Kaplan-
Meier survival curve. Univariate and multivariate
Cox proportional hazard models were used
to determine factors associated with AVF
survival at 6 months. P-value <0.05 was

considered statistically significant.

Results

A total of 77 patients were screened. Twenty-three
patients were excluded due to failed angioplasty (2
patients), kidney transplantation (1 patient), switching to
peritoneal dialysis (1 patient) and loss to follow-up (19
patients). Fifty-four patients were included in the final
analysis. Tables 1 and 2 show baseline demographic and

laboratory data, and characteristics of AVF.

Table 1 Baseline characteristics and laboratory data of

all patients

Parameters | N=54
Age (years) 56 + 15
Male (n/%) 29 (54)
Body mass index (kg/m?) 229 + 0.4
Underlying disease (n/%)

« Hypertension 34 (63)

» Dyslipidemia 36 (66.7)

« Diabetes mellitus 22 (40.7)

+ Ischemic heart disease 9 (16.7)

« Cerebrovascular disease 6(11.1)

« Peripheral vascular disease 1(1.9)
Medications (n/%)

« Erythropoietin 41 (75.9)

« Antiplatelets 20 (37.0)

« Anticoagulants 3(5.6)

« Statins 37 (68.5)
Systolic Blood pressure (mmHg) 140.2 + 29
Laboratory data

Hemoglobin (g/dl) 10.6 £ 1.6
Platelets x 100 (UL) 205.7 + 63.6
Partial thromboplastin time (seconds) | 33.1 + 25.9
International normalized ratio (seconds)| 1.2 + 0.7
Hemoglobin Alc (%) 57+ 16
489.5
Intact parathyroid hormone (pg/mL) (16.3-2,403)
Calcium (mg/dl) 9.4 +0.9
Phosphate (mg/dl) 4.6+ 1.7
Arteriovenous fistula

Location (n/%)

+ Upper arm (brachiocephalic or 34 (63)

brachiobasilic)

« Lower arm (radiocephalic) 20 (38)

Age (months) 77.1 £ 683
Previous intervention (n/%) 25 (46)
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Table 2 Characteristics of arteriovenous fistula

Parameters |

ABF rate prior to PTA (ml/min) 551 (0-2416)
Total number of stenotic lesions (n) 83
Median number of stenotic lesions per 1(1-3)
one fistula
Single stenotic lesion (n/%) 28 (51.9)
Location of stenosis (n/%)

Peripheral lesion 72 (84.7)

- Juxta-anastomotic vein 23 (27.1)

« Drainage vein 34 (40.0)

+ Cephalic arch vein 15 (17.6)

Central 13 (15.3)

« Subclavian vein 5(5.9)

« Brachiocephalic vein 8(9.4)

Combined 9 (10.6)
Location of stenotic length >2cm (n/%) 27 (73)

« Juxta-anastomotic vein 5(8)

« Drainage vein 11 (44)

« Cephalic arch vein 5 (20)

- Subclavian vein 1(4)

« Brachiocephalic vein 5 (24)
Thrombosis (n/%) 1 (2%)
Types of PTA (n/%)

« plain balloon 49 (90.7)

« drug eluting balloon 2(3.7)

. bare stent 1(1.9)

« stent graft 2 (3.7)
ABF rate after PTA (ml/min) 945

(218-5,392)
Increase in ABF rate immediately after|113.5 + 144.1
PTA (ml/min)
<20% increase in ABF rate (n/%) 12 (22)
>20% increase in ABF rate (n/%) 42 (78)
% Stenosis prior to PTA 66.7 + 19.9
% Stenosis after PTA 36.4 +17.9
50-75% (n/%) 56 (67.0)
76-90% (n/%) 17 (20)
>90% (n/%) 10 (13)
% Residual stenosis immediately after PTA| 36.4 + 17.9
<30 % (n/%) 32 (39)
>30 % (n/%) 51 (61)

ABF, access blood flow; PTA, percutaneous transluminal

angioplasty

The patency rates at 3 and 6 months were 94.4% (51
patients) and 75.9% (41 patients), respectively (Figure 1).
The ABF rates at 3 and 6 months were 1,109.06 = 725.74
and 1061.51 + 742.74 ml/min, respectively.
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Figure 1. Patency of arteriovenous fistula after

percutaneous transluminal angioplasty

Repeated Measures ANOVA revealed a significant
increase in the mean ABF rates at 3 and 6 months after
PTA (P=0.013). Pairwise comparisons revealed a significant
difference between the ABF rate before PTA and 3 months
after PTA (p=0.038). The difference between the ABF rate
before PTA and 6 months after PTA did not reach statistical
significance. The number of patients who had ABF rate
2400 or 2500 ml/min continued to decrease at 3 and 6
months (Table 3). When using the cut-off ABF rate of 500
ml/min, there was no statistical difference in the number
of patients with ABF rate =500 or <500 ml/min between
prior to PTA and 6 months after PTA.

Factors associated with the loss of patency at 6 months
are shown in Table 4. ABF rate <500 ml/min immediately
after PTA, location of stenosis at the cephalic arch vein,
higher number of stenotic lesions, and higher PTH level,
were associated with the loss of patency at 6 months.
In the multivariate Cox proportional hazard regression

analysis, ABF rate <500 ml/min immediately after PTA,
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multiple stenotic lesions, and higher PTH level were lower ABF immediately after PTA were independently
independently associated with the loss of patency at 6  correlated with >25% decrease in the ABF rate at

months. Moreover, higher hemoglobin level and follow-up (Table 5)

Table 3 Access blood flow rate before and after percutaneous transluminal angioplasty

After PTA
Parameters Before PTA
Immediately
No of patients (n/%) 54 (100) 54 (100) 51 (94.74) 41 (76)
ABF rate (ml/min) 710 £573 1,080 + 743 1,109 + 726 1,016 + 742 0.013

Patients with ABF rate (n/%)

>400mU/min 36 (66.7) 50 (92.6) * a7 (92.2) ** 36 (90) *** 0.01*
<400mU/min 18 (33.3) 4.(7.4)* 4 (78) % 5 (10) 0.001**
<0.001%**
>500mU/min 30 (55) 50 (93) * 45 (88) ** 30 (73) <0.001*
<500mU/min 24 (45) q(7) * 6 (12) ** 11 (27) <0.001**

Before PTA vs. fimmediately after PTA; **3 months after PTA; ***6 months after PTA

PTA, percutaneous transluminal angioplasty; ABF, access blood flow

Table 4 Univariate and multivariate Cox proportional hazard regression analyses of factors associated with patency

loss at 6 months

Parameters Crude HR (95%Cl) ‘ p-value ‘ Adjusted HR (95%Cl) p-value
Cephalic arch vein stenosis (Y/N) 3.69 (1.24-11.02) 0.001 1.59 (0.34-6.32) 0.513
Number of stenotic lesions 2.56 (1.16-5.66) 0.020 4.01 (1.41-11.36) 0.009
ABF rate immediately after 9.08 (2.42-33.97) 0.001 18.17 (3.61-91.40) 0.001

PTA <500 mU/min (Y/N)

Intact PTH level (1 pg/mL) 1.00 (1.01-1.02) 0.012 1.002 (1.001-1.003) 0.008

HR, hazard ratio; Cl, confidence interval; ABF, access blood flow; PTA, percutaneous transluminal angioplasty; PTH,

parathyroid hormone level

Table 5 Univariate and multivariate logistic regression analyses of factors associated with >25% decrease in the

access blood flow rate

Parameters Crude OR (95%CI) ‘ p-value ‘ Adjusted OR (95%(Cl) p-value
Hemosglobin level 2.03(1.30-3.16) 0.002 2.09 (1.29-3.38) 0.003
ABF immediately after PTA 0.98 (0.97-0.99) 0.039 0.98 (0.97-0.99) 0.034

OR, odds ratio; Cl, confidence interval; ABF, access blood flow rate; PTA, percutaneous transluminal angioplasty
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Discussion

The present study showed that the ABF rate improved
significantly immediately after PTA. However, a slow but
significant decline in ABF rate was observed at 3 and 6
months. The patency rates of the fistula at 3 and 6 months
were 94.4% and 75.9 %, respectively. Independent
predictors of patency loss at 6 months were ABF rate
<500 mU/min immediately after the procedure, multiple
stenotic lesions, and higher PTH level. Higher hemoglobin
and lower ABF rate immediately after PTA were also
independently correlated with >25% decline in the ABF
at follow-up.

The result on the 6-month patency rate of AVF after
PTA from the present study was comparable with the
previous report.” However, diabetes was not associated
with patency loss in the present study, whereas the
previous study reported diabetes as a risk factor for
decreased AVF survival after PTA” This may be explained
by the lower prevalence of diabetes and peripheral
vascular disease in the present study.

The present study also observed the relationship
between increased Intact parathyroid hormone level and
patency loss after PTA. The risk increased by 0.2% for every
1 pg/mL increase in parathyroid hormone level. A study
by Gardezi, Ali L et al. found similar correlation between
parathyroid hormone level and AVF failure.””. This may
be related to an increase in vascular calcification among
patients with increased parathyroid hormone level or
other unknown mechanism.

Similar to the recent study in Chinese population,
multiple stenotic lesions were associated with several
folds increase in the risk of AVF failure after PTA." Others
have also observed the relationship between the length of
stenosis and the location of stenosis at the outflow vein
with patency loss.®" Cephalic arch vein stenosis tended to
loss patency after PTA."” The previous study by Kim et al
reported the patency rate of 40.5% at 6 months after
PTAM

Limitations of the present study were small sample size,
higher rate of loss to follow-up and short follow-up time.

In conclusion, predictive factors for patency loss of
AVF at 6 months after PTA were ABF rate <500 ml/min

immediately after the procedure, multiple stenotic
lesions, and higher PTH level. These findings could
help identify patients at high risk of AVF failure who

might benefit from close monitoring.
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Abstract

Background: Chronic constipation is prevalent among patients with end-stage kidney disease (ESKD). Recently,
elobixibat, a novel inhibitor of the ileal bile acid transporter, has been used to treat chronic constipation by
stimulating bowel function. However, its efficacy and safety in ESKD patients undergoing hemodialysis (HD) have
yet to be examined.

Methods: HD patients diagnosed with chronic constipation, as per the Rome IV criteria, were randomized in a 1:1
allocation ratio to receive either elobixibat or a placebo for 12 weeks. Changes in the Bristol Stool Form Scale (BSFS),
frequencies of spontaneous bowel movements (SBM) and complete spontaneous bowel movements (CSBM) per
week, LDL cholesterol levels, and the gut microbiota-derived metabolite, P-cresol, from baseline were evaluated
after the 12-week period.

Results: A total of 46 patients participated in the study. After 12 weeks of treatment, significant improvements were
observed in the BSFS (mean difference [95% confidence interval] = 1.93 [1.37, 2.48], P<0.001), and there was an
increase in the frequencies of SBM (2.46 [1.69, 3.23], P<0.001) and CSBM (2.83 [1.63, 3.39], P<0.001) per week in the
elobixibat group compared with the placebo group. Additionally, LDL cholesterol levels significantly decreased in the
elobixibat group relative to the placebo group (-12.41 [-24.72, -0.09], P<0.001). No significant differences were noted
in other laboratory data or P-cresol levels. Furthermore, no serious adverse events were reported in either group.
Conclusion: Elobixibat exhibited an efficacy in improving constipation and reducing LDL cholesterol levels. These
findings suggest that elobixibat might be an effective treatment for chronic constipation in ESKD patients

undergoing HD.

Keywords: bowel movement; dialysis; chronic kidney disease; CKD; ESRD

Corresponding author: Bancha Satirapoj @ HOE
BY NC ND

Email: satirapoj@yahoo.com

All material is licensed under terms of
the Creative Commons Attribution 4.0

Received: 4 December 2023; Revised 21 December 2023; Accepted: 21 December 2023 International (CC-BY -NC-ND 4.0)

license unless otherwise stated.

J Nephrol Soc Thail 2024, 30(1): 48-56 https://he01.tci-thaijo.org/index.php/JNST/index



Original Article J NST

ﬂ’liﬁﬂ‘l&l’]ﬂi‘”ﬁﬂﬁﬂTWtLﬂ‘“ﬂ’ﬂ&lﬂﬂﬂﬂﬂﬂﬂB(‘IBTG‘IJ‘D’LL‘IJG]
Glﬂﬂ"l’)”‘naﬂNﬂlﬂ&lﬂ’)ﬂt’iﬂl@lt'ﬁﬂ'ﬁﬂ'ﬁ”ﬂ”ﬁﬂ‘i’l’lt’l‘l’l
lﬂ'iUﬂ’lﬁ'iﬂH'lﬂ’)ﬂﬂ’l'iwaﬂtﬂ’ﬂﬂﬂ’]ﬂtﬂﬁaﬂlﬁtﬂﬂu
AIANY LL‘LI‘IJﬂN uagamaa«mum«

NWEUSNE Lﬁ]uanwsna m'ix‘iﬂi]‘illﬁ ﬁmmuﬁ‘wﬁ ‘W‘UiliUﬁ aunaa Wadan wssﬁuuama
UgHen ’I!Ii‘VIEJ 5'iﬂﬂﬂ GN’N?&JLaﬂ wlag U’ 91U ‘UEJ‘IJT’LH'S%

QUﬂﬁJ.ﬂ ﬁ!.ﬂﬁﬂﬁq , ATITNT ?QW?’]EI ) ‘UQJJ‘U’] anszwau’

"uwunlsnle neseIeINTsU ISINGIVIANTEUNNINA AL TNEIALUNNEFITATNTZINNNNE

2PV NNFVATIY AUSLAFIAIANT UNIINENFEAaUINT

UNANED

unth: ngvesgniFetudunnsiinuldvesludtslsalnSetaseraning s18ladtuundussuesislnfoongriduds
magefunsahAfisld wasgninuldlumssnnnngfesnidosilnsas lutensyiumsviamesdld egndlsfmudilsifing
AnwusEAvsamuazanuannssvesnguilufiaslsalnGesrerannedlasunsendendsiniodaiio
s2f8uUAsIse: Mefnwuuuduuasiinguauesludtisildsunimendendendedadoniifiamefemndoiilasitady
manaud Rome IV {Uhegnandngnaudladduunviesmasnuuugulusnsadiu 1:1 \Husseznaiunu 12 dUansi finsuszidu
n91UABLLUAIIRY Bristol stool form scale (BSFS), S1unuadsvasnsdiegaansy way Swiuadmesnmsdegnsedsande
garedUnti, 52U LDL cholesterol way P-cresol naukasnasanlasumssnuliud 12 dam

wan1sAne: SUaodhsmnsfinuiiomn 46 s wianldend 12 dunviwuingudladauund BSFS Aluuinni
naugvaenagelitedAgv19ain (mean difference (95% confidence interval) =1.93 (1.37, 2.48), P<0.001) fmsidinty
yo9suIunIvesNItegaasy (2,46 (1.69, 3.23), P<0.001) LLazﬁwuauﬂ%amaaﬂWidwaqamizﬁiﬁﬂdwmﬂqmaé’ﬂmﬁ
(2.83 (1.63, 3.39), P<0.001) lunguilldsudladfuumesraiideddymaada vonanddmuirfinnsanasuessedu LDL
cholesterol W3sulufugmaen (-12.41 (-24.72, - 0.09), P<0.001) wsldwumnuuanasiuvesnsUasunlasosszsiu
P-cresol uagliinunadnafesweeniigulss

a9U: 013ladBuuniEaneTNIsTsNUuAL s LDL cholesterol Tufftheiildsunisrendendewiadiaiion nansnuil
uandlifufassavnmaesedladfuuslunidnwangiosmninss

AdRey: Nsutanaunule; lsalansesy; lanne; geansy

E4 e/ g a L% a L4
gzt/sswua'ussmna: U7 adseway @ HNE)
i h BY NC ND

alia: satirapoj@yahoo.com

All material is licensed under terms of
the Creative Commons Attribution 4.0

SuunAII 4 5uIAN 2566; UTUUTUALY 21 §uaIAN 2566; SUATIUY: 21 5UIIAY 2566 ntermatona (CC-BY-NC-ND £.0)

license unless otherwise stated.

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2024; 30(1): 48-56

49



50

Jenaksornkul et al.

Introduction

Chronic constipation is common among patients
with end-stage kidney disease (ESKD) undergoing
hemodialysis (HD)."! The prevalence of constipation in
dialysis patients exceeds that in the general population
and is associated with adverse clinical outcomes,
including decreased quality of life, increased cardiovas-
cular events, and elevated mortality rates.”” The causes
of constipation in dialysis patients are multifactorial.
Factors such as fluid restriction, excessive fluid removal
during dialysis, inadequate dietary fiber intake, the
use of phosphate and potassium binders, and comor-
bidities like diabetes collectively contribute to chronic
constipation in these patients. Additionally, alterations in
intestinal microbiota and the accumulation of gut-derived
uremic toxins further exacerbate constipation.”*

The use of laxatives presents challenges in ESKD
patients. Magnesium oxide is contraindicated due to
the risk of hypermagnesemia.'' Bulk-forming laxatives are
not advisable due to associated fluid intake concerns.
Furthermore, the efficacy of anthraquinone stimulant
laxatives diminishes with prolonged use.”” Hence, the
pharmacological management of constipation in dialysis
patients requires careful consideration.”

Elobixibat stands out as a novel, locally acting laxative.
Acting as an inhibitor of the bile acid transporter (IBAT)
expressed specifically in the terminal ileum, elobixibat
disrupts the enterohepatic circulation of bile acids. This
disruption stimulates bile acid synthesis in the liver,
leading to increased bile acid concentrations in the
colon lumen, thereby enhancing colonic motility and
fluid secretion.' Recent observational studies have
indicated that elobixibat ameliorates constipation
symptoms, including enhancing the frequency of
spontaneous bowel movements (SBM) and improving
scores on the Bristol Stool Form Scale (BSFS) among
dialysis patients with functional constipation.”"’
Additionally, some studies have reported reductions
in LDL-cholesterol and serum phosphate levels
following elobixibat administration.'”™ However, to date,
no randomized controlled trial has assessed the efficacy

of elobixibat in dialysis patients with chronic constipation,

nor has its impact on LDL-cholesterol and the gut-derived
uremic toxin, P-cresol, been thoroughly evaluated.
Consequently, the current study seeks to investigate
the efficacy of elobixibat in HD patients suffering from

chronic constipation.

Materials and Methods

The present study was a randomized, single-center,
double-blind, placebo-controlled trial involving ESKD
patients undergoing maintenance HD from July 1, 2022, to
February 1, 2023. Following an initial 1-week run-in period,
eligible patients were randomized in a 1:1 allocation ratio
to receive either elobixibat or a placebo for 12 weeks.

Outcomes

The primary outcome measure was the mean change
in the BSFS at 2 weeks. Secondary outcomes included
changes in the BSFS, frequencies of spontaneous bowel
movements (SBM), complete spontaneous bowel
movements (CSBM) (defined as spontaneous bowel
movements with a sense of complete evacuation) per
week, and other laboratory data, including P-cresol levels,
after 12 weeks.

Participants

Participants were receiving maintenance HD at
Phramongkutklao and Thian Fah Foundation hospitals.
The research proposal underwent review by the Sub-
Committee to Consider the Research Proposal of the
Royal Thai Army Medical Department. All participants
provided signed informed consent. Eligibility criteria
included: (1) age >20 years; (2) receiving maintenance
HD for >3 months; (3) adequate dialysis (spKT/V > 1.2);
and (4) functional constipation as defined by the Rome
IV criteria. Exclusion criteria encompassed chronic
constipation resulting from: (1) organic disorders,
including neurologic, endocrine, or metabolic dis-
eases; (2) mechanical obstruction or intestinal surgery,
excluding simple appendectomy; (3) irritable bowel
syndrome; or (4) other medical conditions such as
cancers, biliary obstruction, cirrhosis, or pregnancy.

Randomization

Eligible patients were randomized in a 1:1 allocation

ratio using a computerized block of four randomization
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sequences to receive either elobixibat or a placebo.
Elobixibat at a dosage of 10 mg per day (2 tablets) or a
placebo was administered before bedtime over a
12-week period. Elobixibat and placebo tablets were
provided in sealed, opaque packages, each labeled with
a randomization number and prescription. This method
ensured double blinding, thereby maintaining the blinding
of investigators and patients at both participating hospitals.

Outcome assessments

Stool consistency was assessed using the seven-point
BSFS scale. Frequencies of SBM and CSBM per week were
evaluated at baseline, 2 weeks post-randomization, and
after 12 weeks. Changes in laboratory data, including LDL
cholesterol and P-cresol levels, were assessed both at
baseline and after 12 weeks.

Sample size calculation

The sample size was determined based on the mean
change in stool consistency score observed in a previous
trial. A sample size of 19 patients per group was
calculated to achieve 90% power for testing the
hypothesis that a difference existed in the primary

outcome between groups, with a two-sided a of 0.05. To

account for potential withdrawals, an additional 20% of
patients were enrolled in each group.

Statistical analysis

Data were analyzed using an intention-to-treat
approach. Mean and standard deviation were utilized
for continuous data with a normal distribution, while
median and interquartile range were employed for data
not following a normal distribution. Inferential statistics
were applied to compare baseline demographic and
laboratory data. Categorical variables were compared
using the Chi-square test or Fisher’s exact test, whereas
continuous variables were assessed using either the
Student’s t-test or the Mann-Whitney U test, as appropriate.
Between-group changes were evaluated using
repeated measures ANOVA. A p-value of <0.05 was

deemed statistically significant.

Results

The study flow chart is shown in Figure 1. A total of 46
patients were included. Three patients withdrew consent
during the study: one from the elobixibat group and two

from the placebo group.

124 screened

71 not meeting

Inclusion criteria

53 eligible

7 withdraw

consent

46 randomized

Elobixibat group (N=23) J— Placebo group (N=23)

1 withdraw B |
consent h *

Elobixibat group (N=22)

Figure 1 Study Flow Chart

Baseline characteristics of all patients are shown
in Table 1. Fifty-eight percent of the patients were
male. The mean age was 58 years. The most common
causes of ESKD were diabetes mellitus and hypertensive

nephrosclerosis. Symptoms of constipation, including

| -~ 2 withdraw
* - consent

Placebo group (N=21)

the BSFS, frequencies of SBM, and CSBM per week
during the run-in period, did not differ between the two
groups. Additionally, other laboratory data, such as LDL

cholesterol and P-cresol levels, were also similar.
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Table 1 Baseline characteristics and laboratory data of all patients

Variable | Elobixibat Placebo P-value

Male (N,%) 14 (63.6%) 11 (52.4%) 0.45
Age (years) 57.73 + 11.83 59.14 + 12.99 0.71
Body mass index (kg/m?) 2253 + 4.9 22.67 + 4.39 0.92
Causes of kidney failure (N,%)

Diabetic nephropathy 7(31.8%) 9 (42.9%) 0.51

Hypertensive nephrosclerosis 10 (45.5%) 9 (42.9%)

Glomerulonephritis 2(9.1%) 0 (0%)
Hemodialysis vintage (years), median (IQR) 3 (1-5) 4 (2-9) 0.30
spKT/V, median (IQR) 1.5(1.4-1.6) 1.4 (1.3-1.5) 0.10
Systolic blood pressure (mmHsg) 146 + 22.22 153.57 + 16.55 0.21
Diastolic blood pressure (mmHg) 73.27 £ 14.11 70.43 + 10.18 0.45
Bristol stool form scale 2.68 + 1.17 214+ 1.2 0.14
Spontaneous bowel movement/week 382+ 153 395+ 191 0.80
Complete spontaneous bowel movement/week 1.23 + 1.27 1.14 + 1.49 0.84
Laxative drugs (N,%)

Sennosides 10 (45.5%) 11 (52.4%) 0.35

Lactulose 1 (4.5%) 4 (19%)

Bisacodyl 1 (4.5%) 0 (0%)
Fiber (N/%) 0 (0%) 1 (4.8%)
Sennosides+ lactulose (N/%) 2(9.1%) 1 (4.8%)
Iron supplement (N/%) 12 (54.5%) 8 (38.1%) 0.28
Phosphate binders (N/%)

Calcium carbonate 15 (68.2%) 15 (71.4%) 0.41

Sevelamer 1 (4.5%) 0 (0%)

Aluminum 0 (0%) 2(9.5%)

Calcium+ Sevelamer 1 (4.5%) 1 (4.8%)

Calcium+ Aluminum 2(9.1%) 0 (0%)
Hemoglobin (g/dL) 9.84 + 1.62 10.24 + 1.6 0.43
Blood urea nitrogen (mg/dL) 60.31 + 15.11 62.03 + 15.68 0.72
Creatinine (mg/dL) 9.2 +3.02 9.33 + 2.28 0.87
Sodium (mEag/L) 134.77 + 2.52 135 + 3.53 0.81
Potassium (mEg/L) 4.75 + 0.84 4.71 + 0.63 0.85
Chloride (mEg/L) 96.5 + 2.81 9495 + 3.64 0.13
Bicarbonate (mEg/L) 23.59 + 2.06 23.05 + 2.46 0.45
Calcium (mg/dL) 9.21 + 0.89 9.27 + 1.14 0.85
Phosphate (mg/dL) 479 + 1.5 5.01 +1.78 0.67
Magnesium (mg/dL) 222 +0.3 231 +0.33 0.37
Albumin (g/dL) 4.01 + 0.36 4.31 + 0.38 0.01*
Low density lipoprotein (mg/dL) 103.77 + 54.33 89.98 + 27.51 0.32
P-cresol (mg/L) 7.37 £ 5.56 5.89 + 4.01 0.32
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The elobixibat group exhibited a statistically significant
increase in the BSFS at 2 weeks [mean difference
(95% Cl) = 1.68(1.11 to 2.25), p-value < 0.001]. In contrast,

the placebo group showed no significant change [-0.05

(-0.22 to 0.13), p-value = 0.57]. A between-group
comparison revealed a significant difference in the
changes in BSFS from baseline [elobixibat vs. placebo =
1.73 £ 0.29 (1.14, 2.32), p-value < 0.001] (Figure 2).

1.73 + 0.29 (95%CI 1.14, 2.32), P<0.001

5 o _AC
[0
B . e D B clobixibat
(V2]
g 3 Placebo
$p 2
=0
_6 O
= Mean change
= -1 1.68(1.11, 2.25)
> Mean change

All data are expressed as Mean with 95%Cl

Figure 2 Mean difference in BSF Scale at 2 weeks

Table 2 presents the secondary outcomes at 12 weeks.
The between-group changes in the BSFS (elobixibat
vs. placebo) were 1.93 +0.27 (95% Cl = 1.37, 2.48; p-value
< 0.001), the frequency of SBM per week was 2.46 + 0.38
(95% Cl = 1.69, 3.23; p-value < 0.001), and the frequency
of CSBM per week was 2.83 + 0.43 (95% Cl = 1.96, 3.71;

-0.05(-0.22, 0.13)

p-value < 0.001). Additionally, the elobixibat group
exhibited a significant reduction in LDL cholesterol
compared to the placebo group (-12.41 + 6.09; 95% Cl
= -24.72, -0.09; p = 0.048). No significant changes were
observed in P-cresol levels or other laboratory data
(Table 3 and Figure 3).

Table 2 The changes in constipation symptoms at 12 weeks

Variable | Elobixibat | Placebo | P-value
Bristol Stool Form Scale
Baseline 2.68 +1.17 214 +1.2
12 weeks 4.41 + 1.05 2+092 < 0001
Mean change from baseline 1.73(1.27, 2.18) -0.2 (-0.53, 0.13)
Significance within the same group < 0.001 0.214
Spontaneous Bowel Movement per week
Baseline 3.82 + 1.53 395+ 191
< 0.001
12 weeks 523 + 1.31 295+ 1.76
Mean change from baseline 1.41 (0.79, 2.03) -1.05 (-1.54, -0.56)
Significance within the same group < 0.001 < 0.001
Complete spontaneous bowel movement per week
Baseline 1.23 + 1,27 1.14 + 1.49
12 weeks 3.91 + 1.48 1.05 + 0.94 <0001
Mean change from baseline 2.68 (1.93, 3.44) -0.15 (-0.64, 0.34)
Significance within the same group < 0.001 0.527
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Table 3 Mean differences of laboratory data at 12 weeks

Laboratory data

Hemoglobin (g/dL)

Elobixibat

0.04 (-0.45, 0.52)

Blood urea nitrogen (mg/dL)

-3.16 (-9.66, 3.33)

Creatinine (mg/dL)

-0.45 (-1.07, 0.16)

Sodium (mEagy/L)

0.5 (-1.3, 2.3)

Potassium (mEg/L)

-0.09 (-0.49, 0.32)

Bicarbonate (mEg/L)

-0.55 (-1.73, 0.64)

Phosphate (mg/dL)

-0.35 (-0.92, 0.22)

Placebo P-value
0 (-0.86, 0.86) 0.937
-3.61 (-11.6, 4.38) 0.927
-0.54 (-1.31, 0.22) 0.844
1.36 (0.09, 2.63) 0.436
0.24 (-0.01, 0.5) 0.175
-0.21 (-1.5, 1.08) 0.691
0.26 (-0.21, 0.74) 0.101

Change in Serum LDL mg/dL

a0
20
’ L
-20 |
-12.23
-40 (-19.54, -4.92)
[ ]
-60 L 0.18
(-10.62, 10.97)
— _/
Ial
-12.41 + 6.09(95%CI (-24.72, -0.09))
P=0.048

All data are expressed as Mean with 95%Cl

Change in Serum P-cresol mg/dL

a0
30
20 *
10 ‘I T
0
- 1
-10 2 3.16
(0.24, 3.76) (0.27, 6.05)
— J
~
-1.16 + 1.56(95%C|6 (-4.32, 2.01))
. Elobixibat Placebo

Figure 3 Mean differences in LDL cholesterol and P-cresol at 12 Weeks

One patient in the placebo group reported abdominal
pain. None of the patients reported nausea, vomiting,

diarrhea, hepatitis, or any other side effects.

Discussion

The present study demonstrated significant
improvement in constipation symptoms, including BSFS,
frequencies of SBM, and CSBM, in the elobixibat group
compared to the placebo group. Moreover, a notable
reduction in LDL concentration was observed in the
elobixibat group.

The short-term treatment effects of elobixibat

align with previous observational studies that reported

increased SBM frequency and improved stool consistency

517 A recent Phase

in HD patients with chronic constipation.
3 randomized controlled trial in patients with normal
renal function also indicated that elobixibat enhanced the
frequency of SBM and stool consistency score.'®

The reduction in LDL cholesterol concentration
in our study can be attributed to increased bile
acid excretion into the intestinal lumen due to IBAT
inhibition. This heightened bile acid excretion stimulates
bile acid production from cholesterol in the liver, leading
to reduced LDL cholesterol levels. Our findings align
with prior studies.'” Notably, some studies have

indicated that elobixibat could increase HDL cholesterol

J Nephrol Soc Thail 2024; 30(1): 48-56
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in HD patients. In a randomized controlled trial involving
patients with normal renal function, elobixibat reduced
LDL cholesterol without significantly affecting HDL

cholesterol."®

This suggests that elobixibat’s impact on
LDL is not exclusive to ESKD patients.

Some studies have reported about a 10% reduction
in serum phosphate following elobixibat use."” However,
our study did not observe any changes in serum
phosphate levels. Further research is essential to
determine elobixibat’s effect on phosphate metabolism.

Several limitations characterize our study. Firstly, it
was a single-center study, potentially limiting external
validation. Secondly, the study’s duration was brief,
precluding a long-term safety assessment. Thirdly, with
a fixed elobixibat dose of 10 mg/day, we lacked data on
the dose-response relationship concerning constipation
symptoms. Fourthly, while elobixibat might reduce other
gut-derived uremic toxins, our study solely focused on
P-cresol levels. Lastly, the use of other laxatives in the
placebo group may have confounded results, given that
60% of placebo group patients required rescue therapy

during the study.

Conclusion

Elobixibat effectively improved constipation symptoms
and reduced LDL cholesterol in ESKD patients undergoing
HD. In this short-term study, elobixibat emerged as a

safe and efficacious treatment for chronic constipation.
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Factors Associated with Hypokalemia after
Furosemide Treatment in Hospitalized Patients
with Acute Decompensated Heart Failure

Kittipat Aimbudlop, Donlawat Saengpanit
Division of Nephrology, Department of Internal Medical, Police General Hospital, Bangkok, Thailand

Abstract

Background: Hypokalemia, defined as serum potassium <3.5 mmol/L, is commonly associated with the use of loop
diuretics. Hypokalemia after furosemide treatment may lead to adverse outcomes in hospitalized patients with acute
decompensated heart failure (ADHF). Risk factors associated with hypokalemia in this patient population are not
well characterized. This retrospective case-control study aimed to identify risk factors and outcomes associated with
hypokalemia after furosemide treatment in hospitalized patients with ADHF.

Methods: The data were retrieved from the medical records using ICD-10 coding. Factors associated with hypokalemia
were analyzed using univariate and multivariate logistic regression analyses. Clinical outcomes associated with the
hypokalemia were also examined.

Results: A total of 350 patients met the eligibility criteria, of whom 101 patients developed hypokalemia after
receiving furosemide, while 249 patients did not. Furosemide dose >1.5 meg/kg, urine volume after furosemide
treatment >2 ml/kg/hour, higher baseline serum albumin and body mass index, the presence of baseline hypomag-
nesemia and lower baseline serum potassium were independently associated with hypokalemia after furosemide
treatment. Prior use of spironolactone was associated with a decreased risk of hypokalemia. Patients in the hypokalemia
group had significantly higher incidence of cardiac arrhythmia and sepsis compared with the non-hypokalemia
group.

Conclusion: Close monitoring of serum potassium among high risk patients may help reduce the incidence of

hypokalemia and adverse clinical outcomes in hospitalized patients with ADHF who received furosemide.
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Introduction

Congestive heart failure (CHF) impairs the quality of
life, increases mortality and requires substantial amount
of treatment resources. Diuretics are often used to reduce
fluid retention and alleviates the symptoms of HF.'?

Furosemide is a loop diuretic that works by inhibiting

the reabsorption of sodium, potassium, and chloride
in the thick ascending limb of the loop of Henle.”*
According to the previous study, administering furose-
mide to patients with HF was associated with a 30%
incidence of hypokalemia (serum potassium <3.5 mmol/L).

However, combining potassium supplements with
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furosemide reduced the risk of hypokalemia by 12%.’
Intravenous administration of furosemide at dose >1 mg/
kg within a 24-hour period has been shown to increase the
risk of hypokalemia, with an odds ratio of 1.21 compared
with no treatment.’

A previous study identified several risk factors
contributing to hypokalemia in patients with HF who
were on long-term furosemide treatment in an outpatient
setting. These risk factors included advanced age, chronic
kidney disease, diabetes mellitus, and female sex.
Patients with acute myocardial infarction and HF appeared
to be more susceptible to hyperkalemia. Other types
of diuretics including thiazide, acetazolamide,
chlorthalidone, bumetanide, and metolazone can
also augment urinary potassium excretion leading to
hypokalemia.” A recent study revealed that thiazide
diuretics might have the greatest impact in lowering
serum potassium.® The presence of hypokalemia is
associated with increased mortality, cardiac arrhythmia,
and longer hospital stay among patients with HF.>*
The concurrent use of potassium supplements and
trying to maintain serum potassium within the normal
range have been shown to reduce mortality risk in these
patients.'*

Despite its clinical significance, factors associated
with hypokalemia in hospitalized patients with acute
decompensated heart failure (ADHF) requiring furosemide
treatment are not well characterized. Understanding
these risk factors could help reduce adverse clinical
outcomes. Therefore, the aim of the present study was
to identify risk factors and clinical outcomes associated
with hypokalemia after furosemide treatment in
hospitalized patients with ADHF.

Methods

This is a retrospective case-control study of
hospitalized patients with ADHF who received furosemide
therapy between 1 January 2017 and 31 December 2021.
The patient records were retrieved from the hospital
database using ICD-10 codes. The study protocol was
approved by the ethics committee of Police General

Hospital and informed consent was not required.

Outcomes

The primary outcome was risk factors associated with
hypokalemia after furosemide treatment in hospitalized
patients with ADHF. The secondary outcomes included
adverse clinical outcomes associated with hypokalemia
including death, cardiac arrhythmia, acute kidney injury
and sepsis within 7 days of hospitalization and the length
of hospital stay. The differences in the clinical outcomes
between the two groups of patients with >15% decline in
serum potassium and <15% decline in serum potassium
from baseline were also investigated. The cut-off of 15%
was chosen because the previous study has demonstrated
an increased risk of cardiac arrythmia and mortality as well
as prolonged hospital stay among patients with >15%
decline in serum potassium.

Operational definitions

Hypokalemia was defined as serum potassium
<3.5 mmol/L. Hypomagnesemia was defined as serum
magnesium <1.8 mg/dL. Cardiac arrhythmia was
characterized by abnormal heart rhythm manifesting
as tachycardia (heart rate >120 beats per minute) or
bradycardia (heart rate <60 beats per minute). ADHF
was defined as the presence of signs and symptoms
of structural or functional cardiac failure including
decreased physical activity, orthopnea, paroxysmal
nocturnal dyspnea, peripheral edema, jugular vein
distension, and the presence of S3 gallop. Heart failure
with reduced ejection fraction (HFrEF) required the
presence of left ventricular ejection fraction <40%.
Sepsis was a systemic inflammatory response syndrome
(SIRS) in response to an infectious process. SIRS required
the presence of two or more of the following criteria:
abnormal body temperature (<36 °C or >38 °C), heart
rate (>90 BPM), respiratory rate or blood gas (>20/min
or PaC0,<32 mmHg), and white blood cell count (<4000
cell/mm?, or >12,000 cell/mm?®, or >10% bands).

Participants

To be included in the study, patients had to fulfill
the following criteria: (1) age =18 years; (2) estimated
glomerular filtration rate (eGFR) >30 mU/min/1.73 m’;
(3) received =40 mg of furosemide within 24 hours;

(4) baseline serum potassium 3.5 - 4.5 mmol/L; and (5)
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availability of serum potassium within 24 hours after
the first dose of furosemide. The exclusion criteria
were as follow: (1) severe acute kidney injury stage 3 as
determined by the KDIGO criteria.'; (2) concomitant
use of other types of diuretics; (3) pregnancy; (4) kidney
transplant recipient; (5) presence of medical conditions
that could affect renal handling of potassium.

Sample size calculation

The calculation of the sample size was performed
by using the commonly mentioned “rule of thumb”
that suggested a minimum of 10 events per predictor.”
Since there were almost 10 possible predictors in the
model, therefore, 100 (10*10) events of hypokalemia
were required. These possible predictors included eGFR,
receiving angiotensin converting enzyme Inhibitor (ACEI),
angiotensin Il receptor blockers (ARBs), or angiotensin
receptor neprilysin inhibitor (ARNI), receiving insulin,
urine output >2 ml/ke/hr, furosemide dose >1.5 mg/
kg/day, increasing age, female sex, diabetes mellitus,
hypomagnesemia, and the use of digoxin. Since the
previous study reported a 30% incidence of hypokalemia
in patients with HF receiving furosemide, therefore, the

appropriate sample size was 334 cases (calculated from

100/30%100).”

Statistical analysis

Continuous data were presented as mean + standard
deviation or median (interquartile range). Number and
frequency were used for categorical data. To compare
continuous or categorical variables between two groups,
Chi-square test, Fisher’s exact test, Wilcoxon Rank Sum
test or independent t-test were applied. To determine
factors associated with hypokalemia, univariable and
multivariable logistic regression analyses were performed.
After assessing for multicollinearity, variables with p <0.20
were entered into the multivariable model using forward
stepwise selection. Statistical significance was defined as
p-value of <0.05. All statistical analyses were performed

using SPSS version 26.

Results

The Study Flow Chart is shown in Figure 1. A total
450 patients were screened. One hundred patients were
excluded resulting a total of 350 patients in the final
analysis. Among these 350 patients, 101 patients were
in the hypokalemia group and 249 patients were in the

non-hypokalemia group.

N=450

N

Hypokalemia group
(n=101)

Excluded = 100

62 received potassium prior to furosemide
infusion

27 had concomitant use of other diuretics

7 had severe acute kidney injury

3 died within 24 hours of admission

1 received prior kidney transplantation

350

Non-hypokalemia group
(n=249)

Qutcomes

Figure 1 Study Flow Chart
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Baseline characteristics and laboratory data of all  between the two groups. Patients in the hypokalemia
patients and according to the presence or the absence of  group received higher dose of furosemide prior to
hypokalemia are shown in Table 2. In the hypokalemia  admission. They also had lower serum potassium and
group, most patients were female with lower body weight.  magnesium, higher serum albumin and were more likely

There were no differences in the coexisting conditions  to have hypomagnesemia at baseline.

Table 2 Baseline characteristics and laboratory data of all patients

Parameters Hypokalemia Non-hypokalemia
N=350 N=101 N=249

Clinical characteristics

Age (years) 59+16 60+16 59+16 0.597
Male, n (%) 186 (53.1) 40 (39.6) 146 (58.6) 0.001
Body mass index (kg/m?) 25.2+4.2 24.6+4.9 25.4+3.9 0.108
Body weight (kg) 67.5£15.5 63.6£16.3 69.1+14.9 0.002
Systolic blood pressure (mmHg) 143425 142424 143425 0.938
Diastolic blood pressure (mmHg) 75+16 75+15 74+17 0.936
Heart rate (beats per minute) 80x17 79+17 80x17 0.575
LVEF (%) 52+16 51+16 52+16 0.687
Coexisting conditions, n (%) 331 (94.6) 95 (94.1) 236 (94.8) 0.788
Hypertension 188 (53.7) 53 (52.5) 135 (54.2) 0.767
Diabetic mellitus 76 (21.7) 23 (22.8) 53 (21.3) 0.760
Cardiovascular diseases 51 (14.6) 16 (15.8) 35 (14.1) 0.668
HFrEF 122 (34.9) 41 (40.6) 81 (32.5) 0.151
Coronary arterial disease 132 (37.7) 40 (39.6) 92 (36.9) 0.642
Atrial fibrillation 58 (16.6) 18 (17.8) 40 (16.1) 0.689
Chronic kidney disease stage 3 159 (45.4) 47 (46.5) 112 (45.0) 0.719
Peripheral arterial disease 33(9.4) 8(7.9) 25 (10.2) 0.539
Home Medications

Oral furosemide, n (%) 135 (38.6) 45 (44.6) 90 (36.1) 0.143
Daily dose of oral furosemide 40 (20-40) 40 (20-70) 20 (20-40) 0.017
Spironolactone, n (%) 56 (16.0) 12 (11.9) 44 (17.7) 0.181
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Table 2 Baseline characteristics and laboratory data of all patients (#9)

‘ Hypokalemia ‘Non—hypokalemia

Parameters ‘ Al P

Daily dose of spironolactone 12.5(12.5-25.0) 12.5(12.5-12.5) 25.0 (12.5-25.0) 0.061
ACEI/ARB/ARNI, n (%) 152 (43.4) 44 (43.6) 108 (43.4) 0.974
Beta-blockers, n (%) 155 (44.3) 47 (46.5) 108 (43.4) 0.590
Insulin, n (%) 24.(6.9) 6 (5.9) 18 (7.2) 0.666
Daily dose of insulin 20 (17-40) 20 (20-94) 21 (16-40) 0.484
Beta-agonist, n (%) 13 (3.7) 4 (4.0) 9(3.6) 0.877
Digoxin, n (%) 16 (4.6) 6 (5.9) 10 (4.0) 0.435
SGLT2 inhibitors, n (%) 29 (8.3) 10 (9.9) 19 (7.6) 0.485
Hydrochlorothiazide, n (%) 1(0.3) 1(1.0) - 0.116
Baseline laboratory data

Sodium (mmol/L) 135+6 135+5 13547 0.376
Potassium (mmol/L) 3.90+0.24 3.81+0.21 3.93+0.24 <0.001
HCO3 (mmol/L) 22.9+3.6 22.6+3.8 23.1+3.6 0.256
Magnesium (mg/dL) 1.90+0.32 1.70+0.28 1.98+0.29 <0.001
Hypomagnesemia, n (%) 103 (29.4) 60 (59.4) 43 (17.3) <0.001
Calcium (mg/dL) 8.88+0.60 8.83+0.60 8.89+0.60 0.347
Phosphorus (mg/dL) 3.29+0.92 3.34+0.90 3.28+0.92 0.584
Albumin (g/dL) 3.42+0.44 3.53+0.41 3.38+0.45 0.003
eGFR (mL/min/1.73 m?) 62+21 63+22 62+20 0.724
Creatinine (mg/dL) 1.19+0.33 1.21+0.34 1.19+0.33 0.629
Hemoglobin (g/dL) 11.7£1.8 11.7£1.9 11.8+1.7 0.829

LVEF, left ventricular ejection fraction; HFrEF, heart failure with reduced ejection fraction; ACElI/ARB/ARNI;

angiotensin-converting enzyme inhibitors/angiotensin receptor blockers/angiotensin receptor neprilysin inhibitor;

SGLT2, sodium-glucose cotransporter 2

Table 3 shows the dose of furosemide used
for treatment of ADHF, the amount of urine output,
the change in systolic blood pressure and laboratory

data after furosemide treatment. Substantially higher

dose of furosemide and urine output were observed in
the hypokalemia group. The hypokalemia group also
showed a more substantial decline in systolic blood

pressure.
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Table 3 Furosemide dose and biochemical parameters after furosemide treatment

Parameters All patients Hypokalemia  Non-hypokalemia P
N=350 N=101 N=249

Furosemide dose
Dose (mg/day) 80 (40-120) 120 (80-160) 80 (40-80) <0.001
Dose/BW (mg/ke/day) 1.2 (0.7-1.7) 1.8 (1.4-2.4) 1.0 (0.7-1.4) <0.001
Dose/BW >1.5 mg/kg/day, n (%) 106 (30.3) 64 (63.4) 42 (16.9) <0.001
Urine output after furosemide treatment
24-hour urine output (ml) 2,764+754 3,315+850 2,542+580 <0.001
Urine output >2ml/kg/hr, n (%) 121 (34.6) 69 (68.3) 52 (20.9) <0.001
Change in blood pressure after furosemide treatment
Decrease in SBP from baseline (mmHg) -7.85+13.84 -11.19+£15.06 -6.49+13.10 0.004
Laboratory data after furosemide treatment
Sodium (mmol/L) 137+5 137+4 13745 0.960
Potassium (mmol/L) 3.62+0.33 3.22+0.22 3.79+0.20 <0.001
;li@bjjg[;a;eni?gmm potassium 75 (21.) 60 (59.4) 15 (6.0) <0.001
HCO3 (mmol/L) 24.2+3.6 23.7+£3.8 24.3+3.5 0.134
Creatinine (mg/dL) 1.21+0.32 1.22+0.34 1.20+0.32 0.569
eGFR (mU/min/1.73 m?) 61+19 61+21 61+19 0.822

BW, body weight; SBP, systolic blood pressure; HCOS, bicarbonate; eGFR, estimated ¢lomerular filtration rate

Univariate and multivariable logistic regression
analyses of factors predicting hypokalemia are shown in
Table 4. Urine output after furosemide treatment >2ml/
kg/hr, the dose furosemide >1.5 mg/kg/day, higher body

mass index, the presence of baseline hypomagnesemia

and higher baseline serum albumin were independently
associated with hypokalemia after furosemide treatment.
On the other hand, prior use of spironolactone and
higher baseline serum potassium were protective against

hypokalemia.
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Table 4 Losgistic regression analyses of factors associated with the development of hypokalemia

Univariate Multivariate
Biochemical parameters

95% ClI P-value 95% ClI P-value
Clinical characteristics
Male (%) 0.46 0.29-0.74 0.001
Body mass index (kg/m?) 0.96 0.90-1.01 0.108 1.10 1.00-1.21 0.045
Coexisting condition
HFrEF (%) 1.42 0.88-2.29 0.152
Prior medications
Furosemide (%) 1.42 0.89-2.27 0.144
Spironolactone (%) 0.63 0.32-1.25 0.183 0.12 0.04-0.36 <0.001
Baseline laboratory data
Potassium (mmol/L) 0.11 0.04-0.33 <0.001 0.02 0.00-0.14 <0.001
Hypomagnesemia (%) 7.01 4.19-11.74 <0.001 8.55 4.06-18.04 <0.001
Albumin (g/dL) 2.27 1.31-3.93 0.004 4.50 1.85-10.93 0.001
Furosemide dose in the hospital
Furosemide dose >1.5 mg/keg/ 8.53 5.05-14.39 <0.001 4.96 2.22-11.10 <0.001
day (%)
Urine output after furosemide treatment
Urine output >2mU/kg/hr (%) 8.17 4.86-13.72 <0.001 17.86 7.30-43.70 <0.001

OR, odds ratio; Cl, confidence interval; HFrEF, heart failure with reduced ejection fraction

The most common complications within 7 days of
admission were sepsis, cardiac arrhythmia, and acute
kidney injury (Table 5). In the group with hypokalemia,
substantially higher incidence of cardiac arrhythmias and
sepsis and longer hospital stay were observed. The three
most common causes of sepsis were pneumonia, urinary

tract infection and thrombophlebitis. After categorizing

patients into two groups according to the degree of the
reduction in serum potassium (>15% or <15%) from
baseline, the group with >15% decline in serum potas-
sium showed a significant increase in the risk of cardiac
arrhythmias and sepsis. The etiologies of sepsis for both

groups of patients are also illustrated in Figure 2.
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Table 5 Clinical outcomes associated hypokalemia

Outcomes All HypoK | Non-hypoK $Serum K >15% | $ Serum K <15%
(n/%) (N=350) | (N=101) (N=249) (N=75) (N=275)
Death 10 (2.9) 5(5.0) 5(2.0) 0.134 3(4.0) 7(2.5) 0.503
Arrhythmia 29 (8.3) 20 (19.8) 9 (3.6) <0.001 16 (21.3) 13 (4.7) <0.001
Acute kidney injury | 21 (6.0) 6(5.9) 15 (6.0) 0.976 3(4.0) 18 (6.5) 0.411
Sepsis 38 (10.9) | 21(20.8) 17(6.8) |<0.001 14 (18.7) 24 (8.7) 0.014
<UTI 15 (41.7) 6 (30.0) 9 (56.3) 0.129 3(23.1) 12 (52.2)
«Pneumonia 18 (50.0) | 11 (55.0) 7(43.8) 9 (69.2) 9(39.1)
«Thrombophlebitis | 3 (8.3) 3 (15.0) - 1(7.7) 2(8.7)
Length of hospital| 9 (6,13) 10 (7,14) 8 (6,12) 0.009 9 (6,14) 9 (6,13) 0.281
stay (days)
HypoK, hypokalemia; Non-hypoK, non-hypokalemia; K, potassium; UTI, urinary tract infection
14
12
10
8 Bun
6 Pneumonia
Thrombophlebitis
4
2
0
Hypokalemia Non- Decrease Decrease
hypokalemia potassium=15% potassium<15%

Figure 2 Etiology of sepsis according to the presence and the degree of hypokalemia

Discussion

The findings of the present study included urine
output after furosemide treatment >2 ml/kg/hr, the dose
furosemide >1.5 mg/kg/day, higher body mass index,
the presence of baseline hypomagnesemia and higher
baseline serum albumin were independently associated
with the development of hypokalemia after furosemide
treatment. Prior use of spironolactone and higher baseline

serum potassium were protective against hypokalemia.

Patients who developed hypokalemia were more likely
to experience worse clinical outcomes including cardiac
arrhythmia, sepsis, and longer hospital stay.
Furosemide works by inhibiting the Na™K"-2Cl
co-transporter in the apical membrane of the thick as-
cending limb, leading to the loss of water, sodium, and
potassium. Reyes et al. conducted a study to compare
the effect of furosemide 80 mg with placebo on urinary

potassium excretion and found substantially higher
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urinary potassium concentration (7.9+0.6 mmol/L vs.
4.0+0.3 mmol/L) and urine volume (2.9+0.7 L/day vs.
1.2+0.8 L/day) in the furosemide group.' The incidence of
hypokalemia was also 11% higher in the furosemide
group. Similarly, the present study also showed that higher
urine output after furosemide was associated with
hypokalemia. In accordance with the European guideline
for heart failure in 2021, loop diuretics are recommended
for the treatment of pulmonary congestion in HF, with
the goal of increasing urine output to 100-150 mU/hr
within the first 6 hours."” The use of furosemide in the
present study also achieved the target urine output of
2 mUlkg/hr.

The 2021 European guideline for heart failure recom-
mends the use of mineralocorticoid receptor antagonists
such as spironolactone or eplerenone in patients with
hypokalemia.'” The RALES study reported that the use
of spironolactone reduced the risk of cardiovascular
event-related death by up to 30% in patients with HF and
reduced the incidence of hypokalemia by 10%." In the
EMPHASIS-HF study, eplerenone was found to be effective
in preventing hypokalemia, with 38.8% of patients in the
eplerenone group having serum potassium levels below
4.0 mmol/L compared with 48.4% in the placebo group.
Furthermore, serum potassium levels <3.5 mmol/L were
reported in only 7.5% of the eplerenone group compared
with 11% of the placebo group.” In the present study,
prior use of spironolactone was also associated with a
decreased risk of hypokalemia. Although spironolactone
has a half-life of only 1.4 hours, but the drug can remain
effective for up to 12 hours.”” In addition, patients who
were on spironolactone prior to admission tended to have
higher baseline serum potassium compared with patients
who were not on the drug.

Hypomagnesemia and reduced intracellular magne-
sium level can interfere with the function of ROMK chan-
nels, resulting in an increase in renal potassium excretion.”
Whang et al discovered a strong association between
hypomagnesemia and hypokalemia. Approximately
56% of the patients who had hypomagnesemia also
demonstrated hypokalemia.”” Similarly, the association

between baseline hypomagnesemia and the develop-

ment of hypokalemia after furosemide treatment was
also observed in the present study.

Higher body mass index has been found to predict
hypokalemia in the present study. It is possible that the
activation of the renin-angiotensin system (RAS) in adipose
tissue is enhanced in obesity. The previous study also
showed an increase in the risk of hypokalemia among
obese patients due to RAS activation.”” Another factor
associated with hypokalemia after furosemide treatment
is higher baseline serum albumin. Because furosemide is
>90% protein bound, therefore, higher serum albumin
likely enhances the action of furosemide.” A randomized
cross-over study in patients with chronic kidney disease
and hypalbuminemia by Phakdeekitcharoen et al
revealed an increase in urine output and sodium excretion
in the group of patients that received furosemide
with intravenous albumin compared with furosemide
alone.”

The relationship between high dose of furosemide
and hypokalemia has been reported by Lowe et al.”.
Furosemide <40 mg/day resulted in hypokalemia in only
1.3%, whereas furosemide 40-80 mg/day and >80 mg/day
were associated with hypokalemia in up to 6.5% of
the patients. The present study also observed the
relationship between the higher dose of furosemide
and hypokalemia.

The risk of hypokalemia in patients receiving loop
diuretics has been examined previously by Kieneker et
al.”" Patients with a baseline serum potassium between
3.5-3.9 mmol/L had a significantly higher risk of developing
hypokalemia compared with those with a baseline
potassium between 4.0- 4.4 mmol/L. The present
study also demonstrated the relationship between
higher baseline serum potassium and lower incidence
of hypokalemia.

As for clinical outcomes, the present study revealed
the association between hypokalemia with cardiac
arrythmia, sepsis and longer hospital stay. In a prospective
cohort study of 754 hospitalized patients with ADHF,
Salah et al. reported that lower serum potassium and
a decline in serum potassium >15% from baseline were

independent predictors of 180-day all-cause mortality.”
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The present study is a retrospective study that could
be influenced by selection bias and confounders. The
study was conducted in a single center, which lim-
ited the generalizability of the findings. The effects of
the concomitant use of other types of diuretics were
not explored. There was no data on urinary potassium
concentration, therefore, the loss of potassium in the

urine could not be confirmed.

Conclusion

In conclusion, the present study identified several
risk factors and worse clinical outcomes associated with
hypokalemia after furosemide treatment in hospitalized
patients with ADHF. These findings should emphasize the
need for close monitoring of serum potassium especially

among high risk patients.
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Urine Biomarkers of Tubular Injury Predict
Outcomes in Diabetic Nephropathy:
A Prospective Cohort Study

Atit Suwannathot, Naowanit Nata, Ouppatham Supasyndh, Bancha Satirapoj
Division of Nephrology, Department of Medicine, Phramongkutklao Hospital and College of Medicine,
Bangkok, Thailand

Abstract

Background: Currently available biomarkers, such as serum creatinine and albuminuria, exhibit low sensitivity in
predicting renal progression. Novel biomarkers of tubular injury may aid in identifying patients with type 2 diabetes
mellitus (T2DM) at high risk for renal progression. This study evaluates the potential of urine biomarkers of tubular
damage in predicting renal progression and the composite outcome of renal progression and death in T2DM.
Methods: This prospective cohort study involved 257 patients with T2DM. Urine biomarkers of tubular injury
were assessed at baseline. The outcomes examined were the composite renal outcome of end-stage kidney disease
(ESKD), a 40% decline in eGFR, and death.

Results: Most patients were in chronic kidney disease (CKD) stages 3 and 4, with a median urine albumin/creatinine
ratio of 60.8 mg/g. The median follow-up duration was 7 years. Baseline urine concentrations of cystatin-C,
angiotensinogen, kidney injury molecule-1 (KIM-1), and neutrophil-gelatinase associated lipocalin (NGAL) were
significantly higher among patients who reached the composite renal outcome. All tubular biomarkers demonstrated
intermediate predictive performance for the composite renal outcome, with area under the curve (AUC) values
ranging between 0.65 and 0.72, comparable to urine albumin/creatinine. Using the optimal cut-off value for each
urine biomarker, higher levels were significantly associated with the composite renal outcome. However, when
employing an adjusted Cox proportional hazards model for the composite renal endpoint across the quartiles of
urine tubular biomarker levels, only the upper quartiles of urine cystatin-C and KIM-1 significantly predicted the
composite renal endpoint.

Conclusion: Urine biomarkers of tubular injury effectively identified diabetic patients at elevated risk for CKD

progression and death in T2DM patients
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Introduction

The global prevalence of type 2 diabetes mellitus
(T2DM) in 2017 was 451 million cases, and it is estimated to
increase to 693 million cases by 2045." According to
the 2020 Thailand Renal Replacement Therapy Registry
Report, the primary etiology of end-stage kidney disease was
diabetic nephropathy. Albuminuria is generally considered

an early and non-invasive biomarker for the development

of nephropathy.” However, urine albuminuria is not always
indicative of kidney injury, and a significant proportion of
renal impairment occurs before the onset of albuminuria.
Additionally, microalbuminuria can revert back to
normoalbuminuria in diabetic nephropathy.”” Therefore,
identifying more sensitive and specific biomarkers that
reflect kidney injury would be beneficial for identifying

diabetic patients at risk of renal progression.
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Diabetic nephropathy affects the glomerular
endothelium, mesangial cells, podocytes, and tubular
epithelium.® Changes in renal pathology are observed
before the onset of albuminuria.” Recently, alterations in
the tubulointerstitium have been increasingly recognized
in the pathogenesis of diabetic nephropathy. Tubuloint-
erstitial damage has been demonstrated to predict renal
survival in both diabetic and nondiabetic glomerular
diseases.”” As diabetic nephropathy progresses, tubuloin-
terstitial damage intensifies, and the ability to reabsorb
low molecular weight proteins further diminishes. Urine
markers such as cystatin-C, angiotensinogen, kidney injury
molecule-1 (KIM-1), and neutrophil-gelatinase associated
lipocalin (NGAL) are almost completely filtered by the
glomeruli and predominantly reabsorbed in the renal
tubules, akin to other low molecular weight proteins.'”"’
Due to these observations, urine biomarkers indicative of
tubular injury may offer improved sensitivity in predicting

renal progression in diabetic nephropathy."®

Methods

Study population

Patients with T2DM from the outpatient clinic of
Phramongkutklao Hospital between February 2014 and
February 2015 were recruited. The inclusion criteria
comprised age =18 years and an estimated glomerular
filtration rate (eGFR) of 215 ml/min/1.73 m2. Exclusion
criteria encompassed acute kidney injury, pregnancy, and
a life expectancy of less than 1 year. These patients were
followed prospectively for a minimum of 60 months. The
study received approval from the Ethics Committee of
the Institute Review Board of the Royal Thai Army Medical
Department and was conducted in accordance with the
Declaration of Helsinki. Informed consent was obtained
from all participants.

Laboratory Data and Urine Biomarkers

Laboratory data were collected both at baseline and at
the study’s conclusion. Fasting blood samples were drawn
in the morning. The estimated GFR was calculated using
the Chronic Kidney Disease Epidemiology Collaboration
(CKD-EPI) equation.19 Urine biomarkers were assessed at

baseline. Thirty milliliters of fresh urine were centrifuged

at 4,000 rpm for 10 minutes to remove particulate
impurities. Subsequently, the supernatant was stored
frozen at -80°C until assayed. All renal tubular biomarkers
were determined using a commercially available
quantitative sandwich ELISA technique, following the
manufacturer’s instructions (angiotensinogen and
cystatin C by R&D Systems China Co., Ltd., and NGAL and
KIM-1 by R&D Systems Inc., USA & Canada).

Outcome

The outcomes comprised the composite outcome of
end-stage kidney disease (ESKD), a 40% decline in eGFR,
and death.

Statistical analyses

Descriptive statistics were presented as means =
standard deviation, median (interquartile range), or
frequency (percentage). The Student’s t-test was em-
ployed to compare continuous variables, while the chi-
square test was utilized for categorical variables. Sensitiv-
ity, specificity, and the area under the curve (AUC) were
computed as indicators of diagnostic accuracy. Receiver
operating characteristic (ROC) curves were employed for
AUC calculations. A perfect test exhibits an area under
the ROC curve of 1.0, whereas a flawed test would have
a value of <0.5. Kaplan-Meier curves were constructed to
evaluate outcomes using the ROC-derived cut-off level
for each tubular biomarker. Multivariate Cox proportional
hazard regression analysis was conducted to determine
factors associated with the outcomes. A p-value <0.05 was
deemed statistically significant. The data were analyzed
using the SPSS 16.0 statistical software program (SPSS,
Chicago, IL, USA).

Results

Two hundred fifty-seven patients were included in
the study and followed prospectively for a minimum
of 84 months. Outcome data were available for 78.5%
of these patients. The cumulative incidence of the
composite outcome (ESKD, a 40% decline in eGFR, and
death) occurred in 88 patients (34.2%). Specifically, 40
patients (15.6%) developed ESKD, while 21 (8.2%) patients
passed away. The baseline characteristics of patients,

categorized by the occurrence of the composite renal
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outcome, are presented in Table 1. The majority of advanced CKD, and anemia. Additionally, elevated

patients exhibited baseline albuminuria levels exceeding  baseline systolic blood pressure, intact parathyroid
30 mg/day, with 34.6% having microalbuminuria and  hormone levels, serum phosphate levels, urine albumin,
28.8% having macroalbuminuria. Furthermore, 56.8% of
patients had an eGFR below 60 ml/min/1.73 m2. Patients

who met the composite renal outcome criteria exhibited

and all urine tubular biomarkers, coupled with a reduced
baseline GFR, were significantly observed in patients with
positive composite renal outcomes.

a significantly higher prevalence of cardiovascular disease,

Table 1. Baseline characteristics of all patients and according to the composite renal outcome

Positive composite Negative composite

72

Parameters

All patients

renal outcome

renal outcome

(n =250 (n = 88) (n =169)
Age (year) 66.22 + 10.63 67.08 + 9.47 65.78 + 11.18 0.351
Male (n,%) 139 (54.1%) 49 (55.7%) 90 (53.3%) 0.711
Duration of DM (years) 10 (5, 20) 10 (8, 20) 10 (5, 20) 0.156
Duration of FU (years) 7(5.28,7) 3.32 (1.67, 5.62) 77, 7) <0.001
Stages of CKD <0.01
CKD | 39 (15.2%) 4 (4.5%) 35 (20.7%)
CKD i 72 (28%) 16 (18.2%) 56 (33.1%)
CKD I 100 (38.9%) 39 (44.3%) 61 (36.1%)
CKD vV 46 (17.9%) 29 (33%) 17 (10.1%)
Hypertension (n,%) 244 (94.9%) 84 (95.5%) 160 (94.7%) 0.787
Dyslipidemia (n,%) 238 (92.6%) 79 (89.8%) 159 (94.1%) 0.210
CVD (n,%) 10 (3.9%) 7 (8%) 3 (1.8%) 0.015
Anemia (%) 127 (49.4%) 59 (67%) 68 (40.2%) <0.001
Medications
ACE!l or ARB (n/%) 200 (77.8%) 71 (80.7%) 129 (76.3%) 0.420
Insulin (n/%) 61 (23.7%) 25 (28.4%) 36 (21.3%) 0.204
Aspirin (n/%) 158 (61.5%) 58 (65.9%) 100 (59.2%) 0.290
Systolic BP (mmHg) 139.4 + 18.6 144.1 + 20.41 136.9 + 17.14 0.003
Diastolic BP (mmHg) 76.69 + 11.58 76.03 + 11.35 77.03 +11.71 0.514
BMI (kg/mz) 27.11 + 4.83 27.01 £ 5.29 27.17 £ 4.59 0.807
Labs
eGFR (mL/min/1.73m?) 57.15 £ 26.31 43.43 + 21.86 64.29 + 25.64 <0.001
Urine alb/Cr (mg/g) 60.8 (10.7, 325.4) 375.75 (62.7, 1540.7) 37.1(7.8, 138.4) <0.001
FPG (mg/dL) 142.54 + 58.65 146.9 + 66.78 140.25 + 53.98 0.393
HbA1c (%) 7.29 + 1.49 7.47 + 1.85 7.2+ 128 0.245
Hemoglobin (g/dL) 12.21 + 1.62 11.71 £ 1.72 12.58 + 1.44 0.001
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All patients

Positive composite

Negative composite

Parameters (n = 257) renal outcome renal outcome
(n = 88) (n =169)

Phosphate (mg/dL) 3.42 + 0.63 3.57 + 0.66 3.32 £ 0.58 0.020
Intact-PTH (pg/mL) 71.96 (54.31, 171.2) 120.5 (59.46, 224.3) 57.65 (41.34, 69.47) 0.007
Urine biomarkers

UCCR (mcg/gm) 2.95(0.99, 6) 4.99 (2, 9.35) 2.46 (0.6, 4.08) <0.001
UANG (mceg/gm) 2.21(0.28, 9.65) 5.15(0.95, 18.11) 1.51 (0.22, 4.69) <0.001
UKIM-1 (ng/gm) 66.21 (30.58, 124.43) 107.3 (57.81, 191.57) 52.39 (20.61, 94.18) <0.001
UNGAL (ng/gm) 681.4 (406.7, 1216) 895 (548.6, 1546) 601 (360.4, 1014) <0.001

DM, diabetes mellitus;, FU follow-up; CKD, chronic kidney disease; CVD, cardiovascular disease; ACEI,

angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP, blood pressure; BMI, body mass

index; eGFR, estimated ¢lomerular filtration rate; FPG, fasting plasma glucose; HbAlc, hemoglobin A1C; PTH,

parathyroid hormone; urine alb/cr, urine albumin/creatinine; UCCR, urine cystatin C; UANG, urine angiotensinogen;

UKIM-1, urine KIM-1; UNGAL, urine NGAL

The levels of urine biomarkers corresponding to the
composite renal endpoint are depicted in Figure 1. All
tubular biomarker levels were higher in the group of
patients who reached the composite renal endpoint
compared to those who did not. The median values of
urine biomarkers, adjusted for 1 gram of creatinine, for

the group with the composite renal endpoint versus the
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group without were as follows: cystatin C 4.99 (2-9.35)
vs. 2.46 (0.6-4.08) mcg/gCr, P=0.001; angiotensinogen
5.15 (0.95-18.11) vs. 1.51 (0.22-4.69) mcg/gCr, P=0.001;
KIM-1 107.34 (57.81-191.57) vs. 52.39 (20.61-94.18) ng/
gCr, P=0.001; NGAL 895.01 (548.6-1,546.21) vs. 601.02
(360.36-1,014.07) ng/gCr, P=0.001.
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Figure 1. The levels of urine biomarkers corresponding to the composite renal endpoint are:

a) Cystatin-C; b) Angiotensinogen; c) KIM-1; and d) NGAL, adjusted for 1 gram of urine creatinine.
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ROC curve analyses, showing the AUC for each urine
biomarker concerning the composite renal endpoint, are
presented in Table 2 and Figure 2. The optimal cut-off
values for urine biomarkers were as follows: cystatin-C
at 3.35 mcg/g (sensitivity 67.0%, specificity 70.2%),
angiotensinogen at 3.5 mcg/g (sensitivity 64.8%, specificity
70.8%), KIM-1 at 71 ng/g (sensitivity 70.5%, specificity

64.3%), and NGAL at 473 ng/g (sensitivity 85.2%, specificity
39.3%). All tubular biomarkers exhibited intermediate
performance in predicting the composite renal endpoint
and were comparable to urine albumin/creatinine.
Combining urine biomarkers of tubular injury with urine
albumin/creatinine slightly enhanced the performance,

as shown in Table 2 and Figure 3.

Table 2 AUC of urine biomarkers in predicting the renal endpoint

Urine biomarkers

95% confidence interval

UCCR (mcg/gm) 0.704 0.636 0.773 <0.001
UANG (mcg/gm) 0.698 0.628 0.767 <0.001
UKIM-1 (ng/gm) 0.721 0.657 0.785 <0.001
UNGAL (ng/gm) 0.646 0.578 0.715 <0.001
UACR 0.667 0.587 0.747 <0.001
UACR+UCCR 0.732 0.665 0.8 <0.001
UACR+UANG 0.719 0.649 0.788 <0.001
UACR+UKIM-1 0.747 0.682 0.812 <0.001
UACR+UNGAL 0.667 0.587 0.747 <0.001

UACR, urine albumin/creatinine; UCCR, urine cystatin-C; UANG, urine angiotensinogen; UKIM-1, urine KIM-1; UNGAL,

urine NGAL
1.00 1
0.75 1
2
=
£ 0.50 -
c
[}
(V2]
0.25 A
00047
T T T T T
0.00 0.25 0.50 0.75 1.00
1-specificity

Reference

—+—— UCCR (mcg/gm): 0.704 ——+—— UANG (mcg/gm): 0.698

UKIM-1 (ng/gm): 0.721 ——+—— UNGAL (ng/gm): 0.646

Figure 2. ROC curve showing the AUC for each urine biomarker in predicting the composite renal endpoint.
UCCR, urine cystatin-C; UANG, urine angiotensinogen; UKIM-1, urine KIM-1; UNGAL, urine NGAL
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Figure 3 AUC of the combined urine biomarkers of tubular injury and urine albumin/creatinine for predicting the

composite renal endpoint

UACR, urine albumin/creatinine; UCCR, urine cystatin-C; UANG, urine angiotensinogen; UKIM-1, urine KIM-1; UNGAL,

Kaplan-Meier survival curves for the composite renal
outcome, encompassing a 40% decline in eGFR, ESKD, and
death using the optimal cut-off values of urine biomarkers,
are depicted in Figure 4. For the composite renal

endpoint, the optimal cut-off values for urine biomarkers
1.00 A
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0.50 1

HR=3.64 (95%Cl:2.32-5.74), p<0.001
0.25 1 ©5% . p<

O.()O-IIIIIIII
0o 1 2 3 4 5 6 7 8

Years

Number at risk
UCCR<3.35 147 147 144 141 137 133 129 118
UCCR>=3.35 109 95 84 74 67 63 58 50

[------ UCCR<3.35 UCCR>=3.35 |
1.00 A
0.75 1
0.50 1
HR=3.15 (95%C1:1.99-4.99), p<0.001
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O.OO A T T T T T T T T T
0 1 2 3 q 5 6 7 8
Number at risk Years
UKM<71 134 133 129 125 122 118 114 108
UKM>=71122 109 99 90 82 78 73 60
[ ------ UKIM<71 UKIM>=71 |

were as follows: cystatin-C at 3.35 ng/gCr, angiotensinogen
at 3.5 mcg/gCr, KIM-1 at 71 ng/eCr, and NGAL at 473 ng/gCr.
Patients with all urine tubular biomarker levels exceeding
the optimal cut-off values were found to develop the

composite renal endpoint (P<0.001).
1.00 A

0.75 1

0.50

HR=3.48 (95%(Cl:2.32-5.43), p<0.001
0.25 1 (5% ) p<

O.OO L T T T T T T T T T
0 1 2 3 4 5 6 7 8
Number at risk Years
UANG<3.5 150 150 147 142 137 134 129 119
UANG>=3.5 106 92 81 73 67 62 58 49

[ ------ UANG<3.5 UANG>=3.5 |
1.00 A
0.75 1
0.50 1
0.25 | HR=2.78 (95%Cl:1.53-5.03), p<0.001
0.00 4.

0 1 2 3 q 5 6 7 8
Number at risk Years
UNGAL<473 79 79 7 75 73 71 69 66
UNGAL>=473 177 163 151 140 131 125 118 120

[------ UNGAL<473 UNGAL>=473]

Figure 4. Kaplan-Meier curves for the composite renal outcome using the optimal cut-off value for each urine biomarker
UCCR, urine cystatin-C; UANG, urine angiotensinogen; UKIM-1, urine KIM-1; UNGAL, urine NGAL
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The Cox proportional hazards model for the composite
renal endpoint among the quartiles of urine tubular
biomarker levels is presented in Table 3. After adjusting

for relevant risk factors for renal progression, only the

upper quartiles of urine cystatin-C (adjusted HR 2.38;
95% ClI 1.13 to 5.33) and KIM-1 (adjusted HR 3.12; 95% Cl
1.62 to 6.03) significantly predicted the composite renal

endpoint.

Table 3. Cox proportional hazards model for the composite renal endpoint

Urine
Biomarkers HR [95%(Cl] HR [95%Cl] HR [95%(Cl] HR [95%(ClI]
Unadjusted
1* quartile Reference Reference Reference Reference
1.01 0.47 1.34 1.06
2" quartil 0.98 0.09 0.47 0.9
RS (0.43, 2.39) (0.2, 1.13) (0.6, 3) (0.45, 2.49)
rd . 2.61 2.05 1.23 2.67
3" quartile 0.02 0.05 0.62 0.01
(1.19, 5.71) (0.99, 4.22) (0.54, 2.79) (1.25, 5.68)
3.01 1.39 3.69 1.76
q" til <0.01 0.38 <0.01 0.17
quartie (1.38, 6.53) (0.66, 2.92) (1.68, 8.06) (0.79, 3.94)
Adjusted*
1% quartile Reference Reference Reference Reference
1 0.95 1.04 0.84
2" quartil 0.99 0.88 0.91 0.62
S (0.51, 1.99) (0.49, 1.84) (053, 2.02) (0.42, 1.67)
3 quartile 315 <0.01 461 <0.01 1.>8 0.17 2.9 <0.01
9 (1.61, 6.16) ’ (2.39, 9.16) ’ (0.83, 3.01) ' (1.4, 4.77) '
2.38 1.24 3.12 1.03
q" til 0.02 0.61 <0.01 0.94
RS (1.13, 5.03) (0.55, 2.82) (1.62, 6.03) (0.47, 2.24)

*Adjusted for baseline factors including age, sex, body mass index, systolic blood pressure, hypertension,

dyslipidemia, cerebrovascular accident, use of angiotensin converting enzyme inhibitors or angiotensin receptor

blockers, estimated glomerular filtration rate and urine albumin/creatinine

HR, hazard ratio; Cl, confidence interval; UANG, urine angiotensinogen/creatinine; UCCR, urine cystatin-C/

creatinine; UKIM-1, urine kidney injury molecule-1/creatinine; UNGAL, urine neutrophil gelatinase associated

lipocalin/creatinine

Discussion

The main findings of the present study indicate that
urine biomarkers of tubular injury, including cystatin-C,
angiotensinogen, KIM-1, and NGAL, were significantly
associated with the composite outcome of ESKD, a
40% decline in eGFR, and death in T2DM patients with
varying degrees of renal impairment. The higher quartiles

of urine cystatin C and KIM-1 were significantly associated

with the renal outcome. Using the optimal cut-off value
for each urine biomarker derived from ROC analyses,
the performance of urine biomarkers was comparable
to that of urine albumin/creatinine in predicting the
renal outcome. Combining urine biomarkers with urine
albumin/creatinine performed slightly better than using
urine biomarkers alone.

Research on more sensitive biomarkers for predicting
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renal progression in diabetic nephropathy is ongoing. The
pathogenesis of diabetic nephropathy involves genetic,
environmental, inflammatory, and biological factors.
Novel urine biomarkers are either directly or indirectly
related to these mechanisms.'” Several studies have
confirmed the significant role of tubular injury and
tubulointerstitial fibrosis in the progression of kidney
disease, irrespective of its etiology.” These novel
biomarkers of tubular injury may prove useful in
predicting renal progression and long-term prognosis.
Urine biomarkers such as cystatin-C, angiotensinogen,
KIM-1, and NGAL indicate tubular injury and are
beneficial for the early detection of acute kidney injury
before glomerular damage or albuminuria develops.”*
They can also reflect the decline in GFR and the extent
of tubulointerstitial fibrosis.”> The present study
suggested that higher levels of urine biomarkers of
tubular damage at baseline were associated with
worsened renal outcomes, although other studies have
reported conflicting results.”**

Cystatin-C is easily filtered by the glomeruli and
subsequently reabsorbed and catabolized by the
proximal tubules. Elevated urine cystatin-C levels have
been recognized as markers of renal tubular dysfunction.”
Previous prospective observational studies have
shown that, along with albuminuria, urine cystatin-C is
significantly associated with the annual decline in eGFR
in patients with T2DM."**" Our results similarly indicated
that urine cystatin-C serves as an independent predictor
of CKD progression.

NGAL is expressed in the renal tubular epithelium,
and its urinary concentration increases following acute
renal injury.'® Overexpression of NGAL has been detected
in distal tubular cells in CKD, and the level of urinary
NGAL correlates with the severity of nephropathy.”®” This
could be attributed to the release of NGAL from renal
tubules in response to metabolic and hemodynamic
stress. A previous observational study indicated that
urine NGAL could predict albuminuria and the progression
of diabetic nephropathy.” Other studies have reported
consistent findings."®* Similarly, our study found that

urine NGAL predicted a worsening CKD outcome;

however, after adjusting for relevant CKD risk factors,
the upper quartiles of urine NGAL did not significantly
predict the composite renal endpoint.

The expression of KIM-1 increases on the membrane
of proximal tubule cells in response to inflammation
and fibrosis.”* Other studies have shown that urine KIM-1
levels were significantly associated with the decline
in eGFR among patients with T1DM, vasculitis, and
glomerulonephritis.”*** However, urine KIM-1 was not
associated with the decline in renal function in other types
of CKD.* The present study underscores the capability
of urine KIM-1 in predicting CKD progression in T2DM.
The variability in findings across studies could stem
from differences in the etiology of renal disease and
underlying pathology.

An increase in urine angiotensinogen has been
observed in patients with elevated renal angiotensin I
levels. Treatment with an angiotensin receptor blocker
has been demonstrated to reduce urine angiotensinogen
levels.” The utility of urine angiotensinogen in assessing
intrinsic renal angiotensin Il activity correlates with
the extent of tubulointerstitial damage in diabetic
nephropathy.” The results from our study on urine
angiotensinogen align with those of other studies.'**

The present study found that the ability of novel
markers of tubular injury to predict CKD progression
in patients with T2DM was comparable to that of
conventional urine albumin/creatinine. This might be
attributed to the fact that most patients in this study
had significant albuminuria and impaired renal function
at baseline (albuminuria >30 mg/day and eGFR <60 ml/
min/1.73 m?). Therefore, the potential utility of urine
biomarkers in patients without albuminuria should not
be disregarded, and further studies are warranted.

There are several limitations to this study. The
population was derived from a single center, potentially
limiting the generalizability of the results. Additionally,
most patients were in the later stages of CKD with
significant albuminuria, which might mask the ability
of urine biomarkers to predict renal outcomes in
earlier-stage patients. Furthermore, the concentrations

of urine biomarkers might reflect damage to the
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filtration barrier rather than tubular damage due to
biomarker accumulation in the circulation in advanced
CKD.” Plasma levels of these biomarkers were also not
assessed in this study. Nonetheless, previous research
has affirmed the utility of these urine biomarkers in
early prediction of renal injury before any discernible
changes in GFR occur. Given that these biomarkers are
freely filtered by the glomerulus and reabsorbed in the
proximal tubules, their appearance in urine suggests
direct renal injury. Experimental evidence indicates
that elevated levels of NGAL and KIM-1 may stem from
impaired reabsorption in the proximal tubules.®” The
results of this study may also imply that urine biomarker
levels reflect damage to both glomeruli and tubules.

Conclusion

The urine biomarkers of tubular damage were
significantly associated with the composite outcome
of ESKD, a 40% decline in eGFR, and death in T2DM
patients with varying degrees of renal impairment and
albuminuria. However, the performance of these urine
biomarkers in predicting renal outcomes was no better
than that of urine albumin/creatinine. Further studies
are necessary to evaluate the predictive ability of these
urine biomarkers for renal progression in type 2 diabetic
patients at earlier stages of CKD and without significant
albuminuria.
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