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Home Hemodialysis

Thanawan Wuthapanich, Adisorn Pathumarak
Division of Nephrology, Department of Medicine, Faculty of Medicine Ramathibodi Hospital,
Mahidol University, Bangkok, Thailand

Abstract

Home hemodialysis (HHD) is a patient-centered alternative to in-center hemodialysis for individuals with
end-stage kidney disease (ESKD). This literature review examines the evidence and practical steps for implementing
HHD. Research suggests that HHD may offer advantages over traditional in-center hemodialysis, including
improved clinical outcomes, such as better blood pressure control and enhanced quality of life. The successful
implementation of HHD requires careful patient selection, thorough training, and a suitable home setup.
Technological advancements have increased HHD accessibility, enabling patients to manage their treatment
better. However, wider adoption faces barriers, including high costs and training needs. This review highlights
the potential of HHD to improve care for patients with kidney failure and discusses its role as a valuable treatment

option within a comprehensive approach to ESKD management.

Keywords: ESKD; dialysis; home dialysis; frequent hemodialysis; intensive hemodialysis
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UNANED

nsnlenidondeedediafisniitiu (home hemodialysis) iumildlumadenvasmstidanaunuesitaslamieFess
sxyaAYne (end-stage kidney disease) Inudngrumsfnuluilagsudlfiduinswendendeniedlafeuiivu o1ed
UstleminaneUszmsileisuiunmsienidensneinieslaiiouigugnoniden (in-center dialysis) Wy AsuAuAmsladin
¥Ruazditheinunmdiniinay Tnsunnddauadoniendtisetaseunsy Snsusadiuaumdonvesipua saufaiinsda
suunsiineusumanlanidentitiu feanudnmdmianeluladfifisdulutiogiuieligasansanendoniivls
avmnuntu wifdsuhmswenideniituilguassa wu desnstguaiifimudenmaailufelihefireutnegs umumy
sssunssuiiuifadnenmeesnisenidendeiedodaifioufituiannsadunadonviwesnstidanaunule e

adnslunisauwagUaslinedy

Adaey: mavlenle; nsnenden; lsalaisesy; a1ale; lsalnFesssazanying

unin
anglaneiFesadunneiinufumniulasiidae
1nnI1 700 drueuvilan’ fUiedruvileifianglaing
Fesaziimasuiulsalugnnglanedosiszezaniie (end
stage kidney disease) Fasulusasldsunistrdanaunle
(kidney replacement therapy) nawenidenseisdaslaioy
(hemodialysis) Junszuiunsfinseswesdeuazveuvan
drutAueenanidenvesgUrsiordunidluisniman
yasmstrdamaunulaludlagty’ Ganisvenidendieiades
Iolendulngazantiunsnelugudneniden (in-center
dialysis) #U1eAesUfuifnumn1seIaivesnisentien
mvualilaeaudnenifeauazdendunsludgudneniden
papasseduai tagtuiinisnseminfassloniflenaiin
nmsnlendensewasediadiensithu (home hemodialysis)
Fagaelifuasanunsadanisnisenisinuivesautesld
slvdianudavguuarasslunistidanaunulauiniy

4

i duisummddouaiuanuanieaududulunis
Weniden (intensive hemodialysis) ladnee

atAn1snivasnsvlanidendreiaiadlaiiouiitiu
mswenidendeawrdedlaiieuithu (home hemodialysis)
Guduluted a.m.1960 Tny Scribner uavamy’ wagldsu
nsmuliiaudninnty dunidugudenues
msenidendisiniedlaiienlutiagiu lnsdndiuves
msenidendituuanssfululunsazsemanaz Saase
nimsrlenidendeiadeslugudnonidentnn 9o
989 United States Renal Data System (USRDS) annual
report 1ud A.A.2022 fSunutslamneFesssezaaiing
sl 107,735 518 Buduniswenidendoiadeslugue
woniden (in-center dialysis) favas 82.4 wazilffUanilisy
wonidensneiedoslaiivuiitudesas 0.4 veagftaelane
Fodusvezaniineseldionun witnasdunsdutuan

JuUseiusussauna: suIssas Jnnalve
awa: immildaz_ze@hotmail.com

SuumAIN: 28 WoATNIEN 2568; USUUTuUAlY: 12 unsIAu 2569; SUARLN: 24 unTIAY 2569

©9229
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T 7.1.2016 TsAndudiuaugihedion 535 sewhiu’ uas
fﬁa;&a European renal association (ERA) registry 2021
ffhelameFesrevaninodfivsdosar 1.3 vhelsuilasy
nmslenidenseieioslaioniivng
dnsumsrenideniithududdliduiunsnaelulsame
waute@y Tnesssvessemadiululn.a2014° e
vhmslenidenseiaiedlaiieniitiudiuam 529 510 Andu
Yovay 0.14 vasfUasiildsunveniFeniinun Jspine
Afnswenidensioiededlafionditviuunn liun Ussna
Poalnsiaeuarinduaud Tayavin ANZDATA U A.A.2023
fhelameFesisseraninenelmiGunlendeniitulesas 2
dndeyavesdsemalnennienudeyanisiidanaunule
luuszinalned fA.A.2022 nugl@nisainisneniiensiy
w3oalafiousiuau 13,004 ma%ﬂwﬁlﬁ%'m‘hmiﬂwﬂ’m
nounulasglmdduan 17,997 sevisednduiovay 72.2°

Taedelinusigaunisnenidansnieasosbaieuniviu
aghadunianis

sUuvunsWanidendreiasadlaiiouiitiy

msrlenidendainioslafioudiviuamnsarilanaisds
Tnoutsnnusnsnslvavesheiladion (dialysate flow rate)
mnldonsinsiuauinniunifu 500 Jadanssouil
Sadu standard dialysate flow 3sldia3oslafiouiialy
(standard hemodialysis machine) 'ﬁ?@Jﬁ’U‘ixUUB\Iamﬁﬂﬁqwé
warsnsnisluavestnetlafioutosnin 500 Sadansde
wifidadu low dialysate flow ddldiadaslafioudfivey
WU NxStage WJudiu Tneusufiusauduanud (frequency)
warszuzian (duration) ldluniswenidenusazade®
Fauandlu as1edl 1

15199 1 Nomenclature and prescription of home hemodialysis

L | vl ol P
Conventional home HD Daytime 3-5 3-4 300-400 500-800
Short daily Daytime 25-35 5-6 350-400 350-600

Nocturnal Nighttime 6-8 4-6 250-350 300
Alternate night nocturnal home HD Nighttime 6-8 3-4 250-350 300-500

. . Duration Frequency Qb Qd
Low Dialysate Fl T fd
ow Hiatysate Fow = ey (hours) (per week) | (mL/min) (mL/min)
Short daily Daytime 2-4 5-6 300-400 90-300
Nocturnal Nighttime 6-8 4-6 300-350 83-166

HD, hemodialysis; Qd, dialysate flow; Qb, blood flow rate

= Y a
ﬂ’]ﬁLﬁE]ﬂﬁdl]'JEWlWiﬁJ’]%ﬁﬂJ
[ v a ! L% Y v IS & &
Jumsdndulasiuiuvesfthouasaua Ineiunmdidy
A wugtdsguuuurasnmstidanaunula sULuUsne

U

gec

(%

Ninsanslan1etosvios (peritoneal dialysis) nswanLden
Tuguéeniden nisWenidensisiaiealatfioudivu
n13Ugnanele (kidney transplantation) $3u4n13qua
wuuUszAUUIEADY (palliative care) 91nAUzUY Kidney

Disease: Improving Global Outcomes KDIGO Controversies

Conference!! wurinbiuseiiutadsveanisweandennuiu

fasoluil

« AumaeauYesgUle (Individual factors) Wy

AUsuazEauaiiussgelakarAauaInTalunsSeuiitsnIs
Wonideniithu anunsaquadldarsainmsvlenidenls faua
fianunden mnumzauvesiiegorduaasiiufidms
msdafvuazdninagunsal fegenduaverngngudnumy

aunadiszuutiazlnihisessunisnendenivnu
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Wmalve uagmals

+ Aanunienvalinsinu (Facility factors) Lyu
fisvuumsiineusunisenidendiepesiiviu Sszuunis
yudsgunsaidmiunslivendonfitnliudiioe fsvuu
n3AAMINN133NW (monitoring) Fn1smsraanmgunsaiily
Tumsenidensgasaiiioes

. izuuu%msqmmw (Healthcare system factors)
u fiszuunsidnarinwimeuiaiiaseunqunisweniden

o—

=

Mumselil gliusmsnisweniden unmdvizeaniune1uia
i

o A v

SUNWUEJU@JLLaDjﬂ’J‘EJ

Farudmiunisvianidandiensadaiisuiivau
(Contraindications)

Tennankore K uazan Idihiauedousdinldmanydenis
Wondenuuudutuiansasiaiieuditau (intensive home
hemodialysis) lur laifidudmdunsrenideniivanzay
(vascular access)™ Ingidu arteriovenous fistula Wsngasl
dwsumsldviniswendeniitiuainnidn central venous
catheter™ afigaammmnyaundusely finrsonmuaay
wanzanvosdudenvesitisuazauivesnisliiduidon
FUaefiidymmedanviidsaiuaulald (uncontrolled
psychosis)* vaKauLa (caregiver) IUHiiﬁﬁQﬂJS‘d’JBLwﬁa
frueslila? wagiivevnulunisldendunisudedivaaion

w3asnandan

U390y US FDA audi@nsld Home HD Machine
wUsmudnvarnslFu Tnewdesiildiude standard
dialysate flow 19A Fresenius 2008K@Home LLaxLﬂ%ﬂﬁsﬁf
@115 low dialysate flow laun NxStage, Tablo, DIMI RRT
system ae Quanta SC+

Doy

a

STUUNAAUIUSEND

9
sruuRdniuansinnudfyduegsBadmsugvae

Aagneanidenii vy Tasuinidunisvenidenn833
conventional hemodialysis #3efin1sliasasneniaoni
i standard dialysate flow WU Fresenius 2008K@Home

o

Jndudedinisndninusgnsnmeuiunisndniiuians

dmsunsenidenluguirlenidondfosfinnassuunanmi
(water purification system) vielfinios portable reverse
osmosis (R.0.)7 usogrelsAmuiioninuazainsenis
wenideniitu Jagtuaieawendeniidussuy low
dialysate flow i NxStage, DIMI RRT system #3© Quanta
SC+ ponuuuInldnulaiie vundnuazvudelaayain
fynanvdadeniivsznauldiisuvuldaiuies annse
drlgsufnseadeniily waz commercial dialysate il
drusznauvesdidninsladuartnmesiiunnsatusenly
muwsvdaveuihelmiion’® Feldfinnusnduieddssuy
mémﬁfwu’%am%‘ (5197 2)

n1saen1sSnen (Prescription)

n13dIn1s¥nurvesenidensdleinieclaiieuiivu
annsailivans s lesngUlsudazseidnvazany
dosmslimiloutu gaisuvesniswenidensivhude awisn
USurdsliimunzaufuninudesniswazainusing u
Tumsenidenvesiftaels® luseifidediinsunisinem
szineufanunsadennisnendeniitiuaiia nocturnal
hemodialysis @slinsznufunainisieny wiedensin
short daily tiiel#iiBasslunsfudseniueimsuazin
wntuilesnannsorenidenldredeniounniu’ Ty
fdansdnwvesenideniiviy wanemugianaivesiu
fvanisnenden (time of day) audvesnIsaniden
medUa" (frequency) wazszezatlunisveniden (dura-
tion) Fawandlumsefl 2 wardsdaanmuugiiives KDOQI
HD adequacy guideline 2015" Tmuuzihlidwmsunig
wonideniivrulurdeiiidu home long hemodialysis
Fidumadenungvaeiiielvaenndesiuguuvunislidin
(life style consideration) lnauugiilivihnisweniden 3-6 adq
seduani Wuszezna 6-8 Faluwiands WAZUNNEER A
Fosuuzithmudsfionaaziintuainnisrendonsing
lauA wansenusal@unenden mmmﬁaaé’wm@aua uag
ma%ﬁmﬁamawaamiﬁwmmmlmﬁmﬁaa&UJ' (residual
kidney function) 8&19520152
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M1519% 2 Aantiveunsedlaiinviin low dialysate flow wag standard dialysate flow

Hemodialysis machine ‘

Suitable mode

Low dialysate flow

Home hemodialysis

‘ Standard dialysate flow

In-center hemodialysis

Height

13.5 - 22.7 inches

50 - 55 inches

Blood flow rate

200 - 500 ml/min

200 - 500 ml/min

Dialysis time

2 — 4 hours

3 - 12 hours

Max ultrafiltration

13 mU/kg/hour

4 Liter/hour

User interface

Touch screen, easy to use

Buttons and touchscreen

Water supply

Commercially sterilized dialysate

Reverse Osmosis water

Transportability Portable with a storage box Movable by wheels
Alarm Automated Built-in
Bloodline Single-use cassette Require setup
Dialyzer Compatible with most dialyzers Compatible with most dialyzers

n1589n155nEdnsU low dialysate flow
Founnm190IfdIn153nwrvesnisHenidendiviu
fewedenin low dialysate flow Ao §nsin1slvavostinen
Iawfleuisidnlaesinlduinnit 300 faddnsaewdt A
amnsalunisuaniUdsuvesdeviegifeszvinadenias
henlafsnudstunufesasosseiuauduivosgde
Tuthendnsla (dialysate saturation of urea)’ daiu

100

NaN1INSREIUVe IS RIINsinavenine ey (Qd)
soiden (Qb) Tuszuuniswenidendlsin3es Nxstage
Bendnsrdniiin flow fraction (FF) B¢ FF flfnann svéu
aruduivesgFeluthendlavsdadesuarlunenduiu
84 FF flentoy izé’]’mamﬁuéf’mmqﬁﬂuﬁwméﬁﬂmsﬁm
110 Tnehluuuels FE wirfuSesay 40 wislildrsesy
mméuﬁaﬂuaqqL%'&Jﬁﬂszmm%aaas 90 é’ﬂl,l,amiugﬂﬁ 1

95

90

Dialysate Saturation

85

80

Percent 10 20

30 40 50

Flow Fraction Qd/Qb

UM 1 uansmnuduiugsenineseauauduiivesyise (dialysate saturation) iU flow fraction
AnUYay9In Glickman JD, et al."’). Qd, dialysate flow; Qb, blood flow rate
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J Nephrol Soc Thail 2026; 32(1): 1-11



6

Wmalve uagmals

Tnemseunaduanmusinamesheladion (dialysate
volume) #ildsasaunisrenidendsduralaainaunis
ﬁQLLamﬂugﬂﬁ 2" uwnuen KtV udn single pool Lite
TrlaAdanune Kt/V (standard Kt/V) 81nn31 2.0 @y
mninsrleniden 5 adaredunns single pool Kt/V

D/Pyrea x Dialysate volume
Kt/Vurea =

Volume of distributionea

Kt/Virea X Volume of distribution ea = D/Pea X Dialysate volume

Kt/Vrea X Volume of distributiones
D/Purea

Dialysate volume =

WU 0.6 Aakandly gﬂﬁ 3" volume of distribution
“30USUINTNTEAEAIvesgTEAIUINlA NGV
Watson® wagna1eie dialysate saturation ﬁ]’lﬂ‘gﬂﬁl 1 Tu
fifitaunli 0.9 Ao Hfevarvossziuanuduiivosyde
Aoldenliiiy 90

For 60-kg female patient, will perform
home hemodialysis 5 times a week ;

Kt/Vrea X Volume of distributionres
D/Purea

0.6 x 30

Dialysate volume =

Dialysate volume = = 20 Litre

JUN 2 waneIsnsAnnUsinaesthenlaiiey (dialysate volume)

Treatment per week

6.0

5.5 ; X
< 5.0 : 6
o as5f T
E 4.0F // 5x
(7] E A —
g 35¢ -
2 30F — _—dx
X o5k //j’/,// ///
-g 205//,// —— /ixzo
o L6 //, — ™
c > — Kruz.o
© 15 > /,
4(/-'; - |t

1.0F —

0.5 i

0.0E

0.4 0.6 0.8 1 1.2 1.4

Single pool Kt/V per dialysis

JUN 3 uansnnuduiussendng single pool KtV fiuduiuiuiinenidensedunnii ielvilden standard Kt/V 11nnan 2.0

Mnsodaiiafunudinylsvsnanhenlafienfigeds
WleazyinlileAn standard KV 2.0 egfl 20 Amssieseu
(U 2) ehdlsfnudiuanienladoniidodiasese
JzannnifiduaalEUsEann 3 ans esandesinU3unash
fldflunisudeasdaden (priming volume) wazUsuia
fldlunsdlgnidu (safety volume)

Tugndudnld FonsAuamsnsimsliwaveshenladion
(Qd) wazszaznaifidedddlunisnendenlunnazseu
(treatment time) fauanslugud 4 Tng Qd duriusiusesy

AwdudvesyBesiodon Jawindu 90 Weiisuduzuit 1
¥inlo¥ledn flow fraction (FF) winfudesas 40 ety
mnmvualensIN1sinareuden (Qb) Windu 400 Hadans
soundl axldrsnsinisivaveshe ladion (Qd) wiiiu 160
Jaddnsrouil

Sdugeiinefenisduannanilideseudldainnis
tusmaenladfioudidiuanld 20 dns andunouusn
1MsEesnsInsnave s laioy inlwldnanild
siomsnlenuilasou (Augud 4)
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Flow fraction = Q—d

g4
400

Qd = 0.4 x 400 = 160 mL/min

For 60-kg female patient, will perform home hemodialysis

5 times a week with dialysate volume 20 L

Dialysate volume
Qd

20,000

Treatment Time =

Treatment Time = =125 min

3U# 4 uansismsmunudnsnisivavestieladion (Qd) wazszeznaiseddlunmsleniden

qiziasuﬂmnnqsw;.lnl,ﬁaﬂﬁ'wLﬂ'%lm‘lmﬁam
MhuwUssuiisuiunisenidenlududwaniion
n1sAUANANGULATA
arwiiladinfigefienuasldenludvaslanedodiszes
anveiidunainanamziniu? lnenswendenditiu
gilafifinnnuivioanududulunisnenidon (intensive
hemodialysis) @1avilfanunsavdatinduivlaegiedl
UsEdngnm 91nn1sAnwIves Fagugli wavany” TugUae
12 enuigteildsumsrlenideniithuniia short daily
hemodialysis Tneweniden 6 aSwoduni Suay 3 Falu
wuhiinisanaswesanuslaind 6 WoundssunsAnwled
ninquiteiiveniden 3 adutedunriluguswenidon uay
awnsnannsidenananusuladin leunda 7 79 (p<0.01)
waINA5ANY The Frequent Hemodialysis Network (FHN)
Nocturnal %84 Rocco wazAmME” F9VN1TNAaeILuUdy
wazfinguenuaulugie 87 Mefinnmunanisfinuil 12 1ieu
WUAULANAIITB9ALAAY pre-dialysis systolic blood
pressure (8P) lungumlenidensneindaslaifisnditiuin
noctumal HD 6 Asartedunnti Aundurienidestuaudoniden
WU - 9.7 Tadlumsusen (- 16.9, - 2.5) (p=0.009)
nsAuANsEAUNaanaTE
4838310 Culleton UagAmy™ 59T FHN nocturnal
984 Rocco wazaniz? luftefivlonidonsieis frequent
nocturnal hemodialysis @snsagasanssiunloanadaiie
Wigudun1snenidennie3s conventional hemodialysis
Foinseniden 3 adwedunildednaiitedfymeada
wazdiravannislderdunedan (phosphate binder)
loundle 19 518 ﬁnﬂ@"ﬂwﬁﬂ/\lamﬁam’hﬂ%% frequent
nocturnal hemodialysis Wavaa 26 38 (p<0.001)”
an3IN1uulTINeIUIa
nswenidendainiedlafionfivhuetadimaandnsinis

ueulssmeuiavesithe iesnithelameFesuinisnsm
menlalagvasndon 31NNNSANYIVBS Chertow LagAus™
wuIMIsHendenulla frequent hemodialysis fagIan
systolic BP waziinui1iin15anadvedainunuiveiala
Wedanade (left ventricular mass) Fee9asHaTILaASHT
nsueulsmeuIaveUisaInNaIEnIilaLar iaenen
uaﬂmﬂﬁlﬁaﬁﬂwﬁ’mﬁwgﬂLﬁamﬁﬁ’mlﬂéfmLauma"w
woniden o19twanlananisiniderngudrenidennio
Tsanenuiale wea1nn15@ne19es Weinhandl wazang®
\Audeyaain USRDS Tuftaedivenidenditiusia daily
hemodialysis 914U 5 - 6 adsodUanst 1y 3,480 51
Wisuieutufiheiivendeslugudienidon 3 afutodusmi
§1uu 17,600 518 wui1n1s Wendendiviusie daily
hemodialysis fanuduiusyIgansns1N1sueulsIneIuIa
Afammnanamgmailauazvasaidenls hazard ratio
0.89 (95% Cl, 0.86-0.93) itnaulainnsAnwiil e
wudiinsfintuvesdasinisueulssweuiaiidanng
11910 vascular dysfunction 7 hazard ratio 1.01 (95%
cl, 0.93-1.09) Tawaguarnnsnwil gelanuauduiug
Tunnstiean all-cause admission 91nMsHlendenditnu
Tursanunisalnisseuinvedlsalain-19 Perl Lazany™
Isifutoyavesiihevhmswenidesiithu lulssmeanauan
W 3,622 selaoidudUarednslanisyesiesdiuiu
2,853 518 LLazL‘fJu;ﬁﬂwﬁwgﬂLﬁamﬁwm%aﬂmﬁauﬁﬁm
$117u 769 38 WsuisuAuiheTienidenluguienidon
wumsindolfalalsu 2019 desndilunguitasiivhns
Wendendivhu adjusted rate ratio 0.57 (95% Cl, 0.39-0.83)
warsmsmsueulsmenuaanmsindetieening adjusted
rate ratio 0.57 (95% Cl, 0.40-0.81) laglanuaudunus
19N1580899048n 3115188830 agelsAinungudUae
fivhnswenidesittuldsunsnsiadeltalalsun 2019
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tlouningtheiivlenideslugudieniden adjusted rate ratio
0.37 (95% Cl, 0.35-0.38)

NIINITDATIN

gnanssentinvesithednidunasnlsasau (comorbi-
dity) WaznnIgiUs1eund (frailty) Yesigtheninninvinves
Asneniden' n1sAnYIEeIsRIINITIERTIR (survival)
vesgfihefinenideniituinanisfnuiiivainuats a1nnns
Ainw1wes Johansen wazaniz” fiudoyasin USRDS wui
nswenidendewnedlafisufitiususiafidu nocturnal
hemodialysis finaduiusfusnsnisdedinfisininile
Wisusuiunisienidenvila conventional hemodialysis
Tugudwonidenil hazard ratio 0.36 (95% Cl, 0.22-0.61)
wiannsAneAeatul linueuduiudlunisandas
n31deTinvosnguiivinlonidendidiuvie short daily
hemodialysis #i hazard ratio 0.64 (95% Cl, 0.31-1.31) wu
Weaiunan13An®) FHN nocturnal 89 Rocco WazAndy™
#liwu31 nocturnal hemodialysis @1315098@ATAIINS
deTindladisutunisnlenidensin conventional hemodi-
alysis Tugudoniden

Mndeyadrefuuandiiiuinnisenidensaeiniadls
Wlenfithulaganiznisvh frequent hemodialysis Siwualty
flazteifindnmssentinvesiiield wudeafunisdnw
¥im meta-analysis 9949 Cheetham WagAus™ U
Yayaa1n 9 MIAn®1 nuIdwualiugiean all-cause death
Ieogaditedfgymnsada lneden relative risk 0.80 (0.67-0.95)
wiiffosnnsdnwdndvahdunmsfnuidedans (observa-
tional study) fUreluusaznisfinuiianuvainvany waz
HUsuuldaanizaunas (residual kidney function) i
Tdwinfu saustaildndenissnwrvesnisenidenditu
wanensiullunsaznisdine FemsinsAnudiasinludu
Uselowivasnafinsmnsnnissendin (survival benefit) 370
msvnsrendeniitau wie n1svih frequent hemodialysis
paly

AzuNINgau (Complications)
AazunIndouvadunanidan (Vascular access
complication)
Toyaluguasivinnsvonidendivaunila frequent
hemodialysis §1dudasfinislinududentesningiae
finenidonsie3s conventional hemodialysis 1983970
M3Anw1 FHN nocturnal® dadunsdinulugiiediviinng
Wenidenviln frequent hemodialysis 3n151% arteriovenous

fistula $o8az 53 Wan1IANWINUI AkwIldLYRINITLAR
first vascular event Sadudlaifisuifugiaeiivhnisweniden
#1838 conventional hemodialysis 71 3 adssoduansi
hazard ratio 1.81 (95% Cl, 0.94-3.48; p=0.076)

n1sanasyeIn1sinauvadlaiitnisey (Decline of
residual kidney function)

Joyaa1nn1sAny FHN nocturnal ¥es Daugirdas wag
Az Tugthevonideniiviusin noctumnal hemodialysis
7t 6 adwiodandt s 87 518 ﬁ&y’qﬁmaqmﬁﬂmﬁﬂw
fittaaniznavdengivau 63 1o AuTinadaaizads 760
faddnssotu Aanaly 4 iieu fUelunguiionidenses
nocturnal home hemodialysis i¥gayimnely (anuria) Soeay
52 Wisuiflsuriunguitaefienidendieds conventional
hemodialysis davhnswenidon 3 adsdeduansi wuiniinne
anuria \fissderay 18 (p=0.015) uazdl 12 ifoundesu
N13ANYA ﬂa:u nocturnal home hemodialysis 017
anuria ¥evag 67 Wisuiiivuiunguitheiienidonsnes
conventional hemodialysis §in1g anuria LiesSevay 36
(p=0.06)

guaTIAkATANTITMIY

auwilosdvasigua

TugunediFesiangguaiiovaglunisweniden enai
ugamuinaliundauanieaindnlunsousss Jadeimanil
919a Al UIeAamean13INwIAI838n131sWenaen
fvuBailuguadnsilifiassasdls® 91nnnsAnuives
Suri wagAne™ dradawaveEthengu FHN noctumal g
NM3uUNAaDU Cousineau perceived burden scale Wuin
fin9ifisures burden scale 71 12 iWeundasuniswenidon
fithu S'Tjduﬁﬂﬂdﬂﬂa:m conventional hemodialysis ianiden
IUQUETWaﬂLﬁamIWSﬁﬁW relative difference 9.4 (95% Cl,
0.55-18.3; p=0.04) adauunndavesnzuuuyssiiiy
mmmﬁasé’waa@am (caregiver burden) 813UANANAU
Tunudnwazvesfties anwdlunisienidon $ruaunds
sodani Tneymefiuunmgdguaaunsaguatagmilddae
ATRAUITZUUAAMIN (monitoring) savtadanasliiingg
wonideniaduluguinenidonldiilefinrmdniu’

A3 BIN1IN1TuaaE19lndTna1NYAAINTNINIT
wwng

msvlenidenithuiidelsiuiouniiniswenidesiugud
wonden Aofuasinandudiufunniu faassatly
nsenidenliidfuaaTaalddnngy uailumandudy
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91nA15ANBIR283TNIsMUNILITIUNSTueg 1l ussuy
(systematic review) 484 Walker uazaniz™ Fasiusiudoya
910 24 sfnwn wudtlugisuasgguaiiGusuliisng
wonidenseieadlaiiouiithu dauinaGesionaashi
aunsadadeiiugguatioveruuzildiiledesns fiuunnd
Q’@LLaﬁefauﬁwﬁiﬁumiaLLaﬁzyme Inguiulianusuas
Hnausy (training program) 3%'Waﬂl,§am7iﬁ"1uﬁ’w§ﬂwl,l,az
gfneuRzEuNeniden® nediusnntinatlunstineusy
4 - 6 §UnA* sfsmsdnliflsruunadestuniondsan
AGunendoaud

GRIGERIEE

AliTreiiAnannsonidendituduandieiuly
auusazdszna laedalddefiinannslininens
vequnsaiitlivindu TuegiuiBnisvesniewen saufaduss
YAaININIenIsunng Wy weruralunisilaiduiden
whdanueIn1ssEninaneniden Uayalnseuu Medicare
veUszinmanizeuint® wuindrulnajveangugaed
wonidonithusindoneties uardnsilndrinuliaseunqu
Feszuudndienatsvesigunatianun Ssdedlinisdn
A1TNwIResEuUYsEAUgUAINenTUT AL taglud
A.m.2012 nudreldanslunisenidensieiniedlaiiion
Athuganiismsvlenidesluguiuaznsdslaniivies e
nswendeaituialddelneUsyann 48,648 fa 59,179
wiery (USD) sed veiidsldsaualdsneanmsldlniiuas
ihsztfideddszmriamsnen

naannsulUTEasemeaatin (Clinical Implications)
uanniionnarwazainuda TudUrendadensadds
wuztlAnn1uA blood urea nitrogen (BUN) nansduni
Tfieesnin 35 fiadnsudowddns™ wedselewilunis
anodnIINITAANITA18UTALUA (perinatal death) wag
AANITARBANBUAINUA (extreme preterm birth) 270
Alugd1ves KDOQIY wugilinenidenni83s long
frequent hemodialysis laganusaldanszwinenisnen
Forlugudrlenidenviderlonideniituild :innsinuives
Barua uagmniy™ Lﬁusﬁ'a;gamﬂﬁ@q&y’qmsﬁ 5 s107ilésums
Wonidenie s conventional hemodialysis agifisl Wasuly
Wenidende3s nocturnal home hemodialysis TufivRase
iinsdeasss Taefaenasavsnilengassdiadie 36.2+3
fUnvi uaziimsnaeneu 32 &Uaiiied 1 518 uazdeyavas
Hladunewich wazAue” WIBUWEUNAY8INIY intensive
hemodialysis luffuarendgadsnsadlulszinanauinidi
Wenidonade 42+7 Falusdeduasilaemnadia nocturnal
home hemodialysis 1uvan Wisuiudeyavesansgaiusn
filonidoninde 17+5 Fluwieduat wuaNLLANANITRS
§msnsiinsen (live birth) egnediifuddyiifosar 86.4
wa 61.4 nuE iy uenniidedisrenugiiae (case report)
fithnswenideniithuine low dialysate flow uldlunds
manssslidsasndae®”
msadl 3 Ioasuded desios guassa uar Tona ves

home hemodialysis

a5 3 N1TIATIZA SWOT analysis 984 home hemodialysis LUU low dialysate flow

Strengths

Greater flexibility in treatment scheduling

Improved blood pressure control

Better phosphate control

Reduced travel burden and time commitment

Ability to individualize and personalize dialysis prescriptions
Well-suited for intensive hemodialysis regimens

Opportunities

Advances in home hemodialysis machine technology
Growing population of immobilized patients with ESKD

| Weaknesses

Requires substantial patient and caregiver training
Physical distance from healthcare providers
Higher upfront and maintenance costs

Limited to carefully selected patients

Risk of vascular access complications

| Threats

Uncertain patient adherence to treatment protocols
Reimbursement and insurance coverage challenges

Overcrowding or limited accessibility of in-center hemodialysis units | Technical difficulty with cannulation
Unfavorable travel conditions (e.g., air pollution, traffic congestion) | Potential for life-threatening complications at home
Reduced exposure risk during infectious disease outbreaks in|Increased caregiver burden
dialysis centers Concerns regarding home hygiene and infection control

Integration of telemedicine for monitoring and support
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Sodium-Glucose Cotransporter-2 Inhibitors in
Critically Ill Patients and Acute Kidney Injury:
Clinical Considerations
Narongrit Siriwattanasit, Bancha Satirapoj

Division of Nephrology, Department of Medicine, Phramongkutklao Hospital and College of Medicine,
Bangkok, Thailand

Abstract

Acute kidney injury (AKI) is a severe complication, affecting up to 50% of critically ill patients. The advent of
sodium-glucose cotransporter-2 (SGLT2) inhibitors has challenged traditional paradigms of renoprotection. Their
mechanisms include restoration of tubuloglomerular feedback, metabolic reprogramming toward ketone utilization,
anti-inflammatory actions, and modulation of the sympathetic nervous system. Emerging evidence suggests a
complex risk-benefit profile for SGLT2 inhibitors in critical illness. Observational studies consistently show
associations with reduced ICU admissions, lower infection rates, and improved survival. However, interventional
studies indicate nuanced effects, including potential increases in vasopressor requirements in septic patients.
The ongoing PREVENTS-AKI trial, specifically designed for ICU patients, will provide definitive evidence to guide
clinical practice. The use of SGLT2 inhibitors in this vulnerable population requires careful consideration of unique
safety concerns, including euglycemic diabetic ketoacidosis, increased vasopressor requirements, electrolyte
disturbances, volume depletion, and genitourinary infections. Implementation should follow structured protocols
with a thorough baseline assessment, daily monitoring, and clear discontinuation criteria. Until more robust evidence
emerges, SGLT2 inhibitors represent a promising but cautiously applied option for AKI prevention in selected critically

ill patients.
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Sodium-glucose cotransporter-2 Inhibitors
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Introduction

Acute kidney injury (AKI) is one of the most serious
complications in critically ill patients, affecting up to 50%
of intensive care unit (ICU) admissions and associated
with a mortality rate exceeding 50% when renal
replacement therapy is required. * The pathophysiology
of AKI in critical illness is complex and multifactorial,
involving hemodynamic instability, inflammatory
cascades, oxidative stress, and direct nephrotoxic insults.’

Despite advances in critical care, therapeutic options

for preventing and treating AKI remain limited, with
management largely restricted to supportive care and renal
replacement therapy.® This therapeutic gap has driven
research into novel nephroprotective strategies aimed
at modifying the course of this high-risk complication.
The emergence of sodium-glucose co-transporter-2
(SGLT2) inhibitors has redefined paradigms in car-
diovascular and renal medicine. Initially developed as
glucose-lowering agents for type 2 diabetes mellitus,

these drugs have demonstrated unexpected and robust
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organ-protective effects that extend well beyond
glycemic control.” Landmark cardiovascular outcome
trials—EMPA-REG OUTCOME, CANVAS, and DECLARE-
TIMI 58—showed significant reductions in major adverse
cardiovascular events, heart failure hospitalizations, and,
importantly, renal endpoints.”® Subsequent dedicated
renal outcome trials, including CREDENCE, DAPA-CKD, and
EMPA-KIDNEY, have firmly established SGLT2 inhibitors
as cornerstone therapy for chronic kidney disease (CKD),

regardless of diabetes status.”"'

Reflecting this evidence,
the KDIGO guidelines now recommend SGLT2 inhibitors
as first-line therapy alongside renin-angiotensin system
blockade in patients with CKD."

This narrative review aims to critically assess the
current evidence on SGLT2 inhibitor use in critically ill
patients, with a particular focus on AKI prevention and
treatment. We examine the mechanistic rationale for
nephroprotection, review the available clinical data in ICU
populations, discuss key safety considerations—including

the risk of euglycemic diabetic ketoacidosis (DKA)—and

provide practical recommendations for clinicians.
While we await results from definitive trials such as
PREVENTS-AKI (NCT05468203), this review seeks to bridge
the gap between established benefits in stable patients

and the complexities of critical care practice.

Mechanisms of Kidney Protection of SGLT2
inhibitors

The nephroprotective effects of SGLT2 inhibitors are
mediated through multiple, interrelated pathways that
extend well beyond their primary action of inhibiting
glucose reabsorption. Understanding these mechanisms is
crucial to appreciating their potential benefits in critically
ill patients, in whom diverse pathophysiological insults
converge to cause AKI. This section outlines the principal
mechanisms by which SGLT2 inhibitors may confer renal
protection, with a focus on their relevance in the ICU set-
ting. An overview of these mechanisms in critical illness

is illustrated in Figure 1.
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Figure 1 Proposed Mechanisms of SGLT2 Inhibitor-Mediated Kidney Protection in Critical Iliness

AKI, acute kidney injury; AMPK, AMP-activated protein kinase; IL-6, interleukin-6; NADPH oxidase, nicotinamide adenine
dinucleotide phosphate oxidase; NF-KB, nuclear factor-kB; NHE3, sodium-hydrogen exchanger 3; SGLT2, sodium-glu-
cose cotransporter 2; SIRT1, sirtuin-1; TGF, tubuloglomerular feedback; TNF-a., tumor necrosis factor-a,
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Hemodynamic Effects

A key hemodynamic action of SGLT2 inhibitors is the
restoration of tubuloglomerular feedback—a fundamental
autoregulatory mechanism that protects the kidney from
hyperfiltration injury."”” Under normal physiology, macula
densa cells in the distal tubule detect sodium chloride
delivery and modulate afferent arteriolar tone accordingly.
In diabetes and other states of hyperfiltration, excessive
proximal tubular sodium-glucose reabsorption via SGLT2
reduces distal sodium delivery, leading to afferent
arteriolar vasodilation and glomerular hyperfiltration.™

SGLT2 inhibitors counteract this maladaptive response
by blocking proximal sodium reabsorption, thereby
increasing distal sodium delivery to the macula densa.
This stimulates the release of adenosine and induces
afferent arteriolar vasoconstriction, thereby lowering
intraglomerular pressure.” Renal hemodynamic studies
have shown that SGLT2 inhibitors can reduce glomerular
hyperfiltration by approximately 5-10 mL/min/1.73
m?, primarily by increasing afferent arteriolar resistance
without significantly affecting efferent arteriolar tone.™
This selective hemodynamic modulation contrasts with
the action of renin-angiotensin system inhibitors, which
predominantly dilate the efferent arteriole.

Additionally, SGLT2 inhibitors inhibit sodium-hydrogen
exchanger 3 (NHE3) in the proximal tubule, enhancing
natriuresis and contributing to intravascular volume
regulation.’” This dual inhibition of SGLT2 and NHE3
may be especially relevant in patients with heart failure
or fluid overload—conditions commonly encountered
in critical care. The resulting natriuresis and osmotic
diuresis reduce plasma volume, lower cardiac preload,
and improve overall cardiovascular hemodynamics.'

Metabolic Reprogramming and Cellular Energetics

SGLT2 inhibitors also induce a shift in cellular
metabolism that may mitigate ischemic and inflammatory
injury. By promoting glucosuria and lowering the insulin-
to-glucagon ratio, these agents stimulate hepatic
ketogenesis, resulting in a 30-50% increase in circulating
B-hydroxybutyrate levels.”” Ketone bodies serve as highly
efficient fuels for the heart and kidneys, producing more

ATP per unit of oxygen consumed than glucose or fatty

acids.”’ This metabolic advantage becomes critical in
the setting of critical illness, where tissue hypoxia and
mitochondrial dysfunction are common.

Beyond ketone production, SGLT2 inhibitors reduce
renal cortical oxygen consumption by lowering the
energy demand for glucose reabsorption. Blood oxygen
level-dependent MRI studies have shown improved
renal cortical oxygenation following SGLT2 inhibition.”
This reduced oxygen demand, combined with improved
supply-demand matching via ketone metabolism, creates
a protective balance that may help prevent ischemic AKI.

Moreover, SGLT2 inhibitors activate AMP-activated
protein kinase (AMPK) and sirtuin-1 (SIRT1)—key regulators
of cellular energy homeostasis.” These pathways enhance
mitochondrial biogenesis, stimulate autophagy, and
bolster cellular stress resistance. This nutrient deprivation
signaling mimics the beneficial effects of caloric restriction,
potentially explaining the broad organ-protective effects
of these agents.”

Anti-inflammatory and Antioxidant Properties

Inflammation is central to the pathogenesis of AKI,
especially in sepsis and other forms of critical illness.
SGLT2 inhibitors exert significant anti-inflammatory effects
via multiple pathways. They suppress nuclear factor-kB
(NF-KB) activation, reduce production of pro-inflammatory
cytokines such as interleukin-6, tumor necrosis factor-q,
and monocyte chemoattractant protein-1, and limit
macrophage infiltration in renal tissue. ** *

Real-world data support these actions, with large
observational studies reporting 37-48% reductions in
the risk of pneumonia and sepsis among SGLT2 inhibitor
users.”® These benefits likely reflect both direct
anti-inflammatory effects and indirect improvements
via better glycemic control and reduced glucotoxicity.
Additionally, SGLT2 inhibitors decrease oxidative stress by
downregulating NADPH oxidase activity and upregulating
antioxidant defenses, including superoxide dismutase
and catalase.”

Modulation of the Sympathetic Nervous System

Emerging evidence suggests that SGLT2 inhibitors
attenuate sympathetic nervous system activity—an effect

particularly relevant in critically ill patients, who often

https://he01.tci-thaijo.org/index.php/JNST/index
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exhibit heightened sympathetic tone. Preclinical studies
have demonstrated reductions in renal norepinephrine
content, lower expression of tyrosine hydroxylase (the
rate-limiting enzyme in catecholamine synthesis), and
decreased sympathetic nerve activity following SGLT2
inhibition.”**

This sympathoinhibition appears to be bidirectional:
sympathetic activation upregulates SGLT2 expression,
while SGLT2 inhibition feeds back to suppress sympathetic
drive.® Clinically, this may translate to lower blood
pressure without reflex tachycardia, improved heart
rate variability, and potentially reduced arrhythmogenic
risk. In the ICU, where excessive sympathetic activation
contributes to hemodynamic instability and organ
dysfunction, this mechanism may offer additional

renoprotection.

Rational Use of SGLT2 Inhibitors in Critical Illness

The multiple mechanisms of SGLT2 inhibitors align
remarkably well with the pathophysiology of AKI in
critical illness. Their hemodynamic modulation addresses
hyperfiltration injury, while metabolic reprogramming

enhances cellular resilience to ischemia. Anti-inflammatory

effects may help attenuate sepsis-induced kidney injury,
and modulation of the sympathetic nervous system
could reduce catecholamine-mediated organ damage.
However, these theoretical benefits must be balanced
against potential risks, including volume depletion in
hemodynamically unstable patients and metabolic
effects that could precipitate ketoacidosis during

physiologic stress.

Clinical Evidence of SGLT2 Inhibitors in Critically
Il Patients

Translating the benefits of SGLT2 inhibitors from stable
outpatients to critically ill patients represent a significant
knowledge gap in current practice. While robust evidence
supports their use in chronic conditions, data specific
to intensive care settings remain limited but are rapidly
evolving. This section critically examines the available
evidence from observational studies, pilot interventional
trials, experimental models, and perioperative investiga-
tions to provide a comprehensive understanding of SGLT2
inhibitor use in critical illness. A summary of clinical studies

in critically ill patients is presented in Table 1.

Table 1 Clinical Studies of SGLT2 Inhibitors in Critically Il Patients

Study Design | Population | | Intervention Key Outcomes Safety Profile
Martensson | Pilot ICU patients |18 vs 72 Empasliflozin |« Reduced insulin + No DKA episodes
et al. 2023 |case-control |with T2DM 10 mg daily requirements « No worsening of

(=15 units/day) kidney function
« Increased sodium « Stable acid-base
(median 149 mmol/L) parameters
« No difference in mortality
(16.7% vs 18.1%)
Park et al. |Retrospective | Septic shock |36 vs 62 Pre-admission |« Trend toward reduced |+ No increase in
2023 cohort with T2DM SGLT2i vasopressor needs adverse events
« Shorter ICU stay (NS) + No DKA observed
« Similar APACHE Il scores
Ng et al. Territory-wide | Patients 10,308 vs SGLT2i vs » Reduced ICU admissions |+ Lower UTI rates
2023 cohort with T2DM | 17,664 DPP-4i (HR0.79,95% C10.69-0.91) | « Reduced
« Lower all-cause mortality | infection-related
(HR0.44,95% C10.38-0.50) | mortality
» 40% reduction in sepsis-
related ICU admissions

J Nephrol Soc Thail 2026; 32(1): 12-26
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Table 1 Clinical Studies of SGLT2 Inhibitors in Critically Il Patients (continued)

Study Design | Population | | Intervention Key Outcomes | Safety Profile
DARE-19 Randomized |Hospitalized | 1,250 Dapagliflozin |+ Primary outcome not » Well tolerated
(Kosiborod | controlled patients 10 mg daily significant (HR 0.80, 95% | « No excess
et al. 2021) | trial with Cl 0.58-1.10) serious adverse

COVID-19 * Numerically fewer AKI events
events (4.2% vs 5.8%)
DEFENDER | Post-hoc Patients 401 Dapagliflozin |+ Increased urine output |+ Minimal electro-
secondary |analysis with acute 10 mg daily (+157 mlL/day by day 5) | lyte changes
analysis organ « Improved fluid balance | «Mild metabolic
(Cutuli et dysfunction (=290 mL/day) acidosis
al. 2024) « Increased norepinephrine | « 97% probability
needs in sepsis of increased
Vasopressor use
in sepsis
Miller et al. |Nationwide | Surgical 7,448 Perioperative |« Reduced AKlrisk (OR 0.69, |+ Increased
2023 cohort patients continued vs | SGLT2i 95% Cl 0.62—0.78) euglycemic DKA
with T2DM | discontinued » Reduced 30-day mortality | risk (OR 1.11,
(OR0.70,95% C10.55-0.88) | 95% Cl 1.05-1.17)
« Median 3-day
increase in LOS
with DKA

T2DM, type 2 diabetes mellitus; DKA, diabetic ketoacidosis; ICU, intensive care unit; HR, hazard ratio; OR, odds ratio;
Cl, confidence interval; NS, not significant; UTI, urinary tract infection; AKI, acute kidney injury; LOS, length of stay;
APACHE, Acute Physiology and Chronic Health Evaluation; RCT, randomized controlled trial; DPP-4i, dipeptidyl pepti-

dase-4 inhibitor.

Observational Studies in Critical Care

Real-world evidence provides valuable insights into
the effects of SGLT2 inhibitors in critically ill populations,
although selection bias remains a concern. A landmark
territory-wide cohort study from Hong Kong examined
27,972 propensity-matched patients with type 2 diabetes,
comparing those using SGLT2 inhibitors with those using
dipeptidyl peptidase-4 (DPP-4) inhibitors.” Over a median
follow-up of 2.9 years, SGLT2 inhibitor use was associated
with a 21% reduction in ICU admissions (2.8% vs. 3.7%;
HR 0.79, 95% Cl 0.69-0.91) and a striking 56% reduction
in all-cause mortality (3.1% vs. 7.5%; HR 0.44, 95% Cl
0.38-0.50). Subgroup analyses showed that the benefit
was most pronounced in patients with CKD, with the pro-

tective effect increasing with declining renal function—a

finding that challenges conventional concerns about their
use in kidney impairment.

The mechanisms underlying the reduced ICU
admissions appear to be multifactorial. Analysis by
admission category showed a 40% reduction in sepsis-
related ICU admissions among SGLT2 inhibitor users,
supporting the anti-inflammatory effects discussed
previously.” Another analysis of 28,987 patients found
that SGLT2 inhibitor users had lower rates of pneumonia
(incidence rate 11.38 vs. 20.45 per 1,000 person-years) and
sepsis (6.00 vs. 12.88 per 1,000 person-years) compared
to DPP-4 inhibitor users.’”” When infections did occur,
they were associated with lower mortality rates in the
SGLT2 inhibitor group, suggesting both preventive and

protective benefits.

https://he01.tci-thaijo.org/index.php/JNST/index
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A Veterans Affairs database study specifically examined
patients with septic shock, comparing 36 patients on
pre-admission SGLT2 inhibitors with 62 matched controls.”
Despite similar baseline characteristics and illness
severity scores, SGLT2 inhibitor users showed trends
toward improved outcomes, including reduced vasopressor
requirements and shorter ICU stays, though statistical
significance was limited by small sample size. Importantly,
no increase in adverse events, including diabetic
ketoacidosis, was observed in this high-risk population.

The impact of continuation versus discontinuation
during hospitalization has also been evaluated. A
nationwide cohort study of 36,505 admissions found
that among 5,936 SGLT2 inhibitor users who continued
therapy, there was a 45% reduction in mortality (IRR
0.55, 95% Cl 0.42-0.73; P < 0.01) and shorter length of
stay (LOS: 4.7 vs. 4.9 days; IRR 0.95, 95% CI 0.93-0.98; P
< 0.01) compared to those who discontinued therapy.*
These findings suggest that the protective effects of SGLT2
inhibitors may be particularly relevant during periods of
physiological stress.

Interventional Studies in ICU Settings

Direct interventional evidence in critically ill patients
remains limited but provides valuable mechanistic
insights. The most comprehensive pilot study to date,
conducted in Swedish ICUs, compared 18 patients with
type 2 diabetes receiving empagliflozin 10 mg daily with
72 matched controls.”® Under a liberal glucose control
protocol (target 180-250 mg/dL), several key findings
emerged:

Empagliflozin use was associated with significant
increases in serum sodium (median increase 4 mmol/L)
and chloride levels, with median maximum sodium levels
reaching 149 mEg/L. Although this raised concerns about
hypernatremia, no adverse clinical outcomes were
observed. Acid-base parameters remained stable, with no
significant differences in pH, bicarbonate, or lactate levels.
Notably, despite theoretical risks, no episodes of diabetic
ketoacidosis occurred, even with beta-hydroxybutyrate
monitoring. Glycemic control improved significantly
with empasliflozin, including a reduction in insulin

requirements (median reduction of 15 units/day) and

lower glucose variability. Renal function, assessed by
creatinine and urine output, showed no deterioration, and
there was a trend toward lower positive fluid balance in
the empagliflozin group. Hospital mortality did not differ
significantly between groups (17% vs. 19%), although the
study was underpowered to detect differences in clinical
outcomes.

The DARE-19 trial, although not exclusively an ICU
study, provides relevant insights for acutely ill patients.”
This randomized controlled trial examined dapagliflozin
versus placebo in 1,250 patients hospitalized with
COVID-19 and cardiometabolic risk factors. While the
primary composite outcome of organ dysfunction or
death was not significantly different (HR 0.80, 95% Cl
0.58-1.10), there were numerically fewer AKl events in
the dapagliflozin group (4.2% vs. 5.8%). These neutral
overall results may reflect a heterogeneous population
and variable timing of intervention, as greater benefit was
seen in patients enrolled earlier in their illness.

A secondary analysis of the DEFENDER trial raised
concerns about hemodynamic effects.”” In this post hoc
analysis of 401 critically ill patients with acute organ
dysfunction, dapagliflozin progressively increased urine
output (day 5: +157 mL/day) and improved fluid balance
(day 5: =290 mlL/day). However, these benefits were
accompanied by time-dependent increases in norepi-
nephrine requirements, with a dose difference reaching
0.034 mcg/kg/min by day 5. Subgroup analysis suggested
that patients with sepsis or mechanical ventilation were
most susceptible, with a 97% probability of increased
vasopressor requirements in septic patients

Perioperative and Acute Care Evidence

The perioperative period offers a controlled model of
acute physiological stress relevant to critical care. A large
Veterans Affairs study of 462,968 surgical patients found
that continued SGLT2 inhibitor use was associated with
a reduced risk of postoperative AKI but a slight increase
in euglycemic ketoacidosis risk (OR 1.11,95% Cl 1.05-1.17).%
Patients who developed ketoacidosis had a median
hospital stay prolonged by three days, highlighting the
need for vigilant monitoring.

The EMPACT-MI trial investigated empagliflozin in
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acute myocardial infarction, demonstrating a reduction
in first hospitalization for heart failure or death from any
cause (8.2% vs. 9.1%; P = 0.02) and a trend toward a lower
incidence of AKI (0.8% vs. 1.3%).” Early initiation studies
in acute heart failure further bridge the gap between
stable and critically ill populations. The EMPULSE trial
demonstrated that in-hospital initiation of empagliflozin
in patients with acute heart failure was safe and associ-
ated with clinical benefits, including reduced readmission
rates.”” Similarly, the SOLOIST-WHF trial demonstrated
that sotagliflozin initiated before or shortly after discharge
reduced cardiovascular events without excess safety

concerns.”

Clinical Implications of SGLT2 inhibitors in
Critical illness

The emerging evidence highlights a complex
risk-benefit profile for SGLT2 inhibitors in critical illness.
Observational data consistently demonstrate associa-
tions with reduced ICU admissions, lower infection rates,
and improved survival. However, interventional studies
indicate nuanced effects, including potential increases in
vasopressor requirements in patients with sepsis. Timing
appears crucial, with preventive or early use showing
greater promise than late initiation in established organ
dysfunction.

Careful patient selection is critical. Patients with
cardiorenal syndrome, fluid overload, or high infection
risk may benefit most, whereas hemodynamically
unstable septic patients may be at increased risk of requir-
ing higher vasopressor doses. The ongoing PREVENTS-AKI
trial (NCT05468203), specifically designed for ICU patients,
will provide essential evidence to guide future clinical

practice.

Safety of SGLT2 Inhibitors in Critically Ill Patients

While the potential benefits of SGLT2 inhibitors in
critically ill patients are compelling, their use in this
vulnerable population demands careful consideration
of unique safety concerns. The physiological stress of
critical illness, altered pharmacokinetics, and complex

drug interactions create an environment where adverse

effects may be amplified or present atypically. This
section reviews major safety considerations, with emphasis
on recognition, prevention, and management strategies
relevant to intensive care.

Euglycemic Diabetic Ketoacidosis (eDKA)

Euglycemic diabetic ketoacidosis (eDKA) is the most
serious metabolic complication associated with SGLT2
inhibitor use and is particularly relevant in critically ill
patients. Unlike classic DKA, eDKA presents with
relatively normal blood glucose levels (<250 mg/
dL), which can delay recognition and treatment.”” The
incidence in stable outpatients ranges from 0.16 to 0.76
events per 1,000 patient-years, but this likely underestimates
the risk during critical illness.”

The pathophysiology involves multiple mechanisms
that may be exacerbated in critical illness. By promoting
renal glucose excretion, SGLT2 inhibitors lower plasma
glucose and insulin levels while increasing glucagon
secretion, thereby creating a hormonal environment that
favors ketogenesis.” The resulting increase in lipolysis and
hepatic ketone production can progress to ketoacidosis,
especially when combined with common ICU precipitants
such as sepsis, surgical stress, fasting, or reduced
carbohydrate intake.

Critical illness creates a “perfect storm” for eDKA
development. The stress response activates counter-
regulatory hormones (cortisol, catecholamines, growth
hormone) that further promote lipolysis and ketogenesis.
Concurrent corticosteroid use, common in ICU patients,
compounds this risk. Additionally, many critically ill
patients have reduced oral intake or receive inadequate
carbohydrate through enteral or parenteral nutrition,
removing the substrate needed to suppress ketone
production.”

Recognizing eDKA in the ICU requires high vigilance, as
presenting symptoms (nausea, vomiting, abdominal pain)
may be misattributed to underlying disease or medica-
tions. Key diagnostic features include the following: (1)
anion gap metabolic acidosis (pH <7.3, bicarbonate <18
mmol/L); (2) positive serum or urine ketones; (3) blood
slucose <250 mg/dL (often 100-180 me/dL); (4) exclusion

of other causes of metabolic acidosis
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Management follows standard DKA protocols with
important modifications. Insulin infusion remains the
cornerstone of treatment, but higher dextrose con-
centrations (10-20%) are typically required to prevent
hypoglycemia while maintaining sufficient insulin to
suppress ketogenesis.” The SGLT2 inhibitor must be
discontinued immediately; due to its long half-life (12-13
hours), ketosis may persist for 24-72 hours after discon-
tinuation. Current guidelines recommend withholding
SGLT2 inhibitors for 3-4 days before elective surgery
to reduce eDKA risk."” For ICU patients requiring urgent
procedures, close metabolic monitoring and appropriate
insulin coverage are essential.

Prevention strategies in the ICU include careful patient
selection—avoiding use in type 1 diabetes, prior DKA, or
low C-peptide states—ensuring adequate carbohydrate
intake (>100 g/day), maintaining basal insulin in insulin-
dependent patients, daily monitoring of acid—base status
and ketones in high-risk patients, and temporary discon-
tinuation during acute illness or procedures requiring
prolonged fasting.

Hemodynamic Effects and Vasopressor Requirements

Recent evidence has raised concerns about the
hemodynamic effects of SGLT2 inhibitors in critically ill
patients, particularly those with septic shock. A secondary
analysis of the DEFENDER trial showed time-dependent
increases in norepinephrine requirements, with septic
patients having a 97% probability of increased vasopressor
needs.” By day 5, the expected dose difference had
reached 0.034 mcg/kg/min—a clinically meaningful
increase that may affect organ perfusion and ICU
outcomes.

The mechanisms underlying increased vasopressor
needs likely involve several factors. SGLT2 inhibitors
induce osmotic diuresis and natriuresis, resulting in a
reduction of approximately 7% in intravascular volume.'®
While this volume reduction benefits heart failure patients,
it may compromise hemodynamic stability in septic shock,
where vasodilation and capillary leak already threaten
organ perfusion. Additionally, SGLT2 inhibitor-mediated
sympathetic inhibition, advantageous in chronic settings,

may blunt compensatory responses to hypotension in

critically ill patients.”

The clinical impact depends on the patient’s hemo-
dynamic profile. In cardiogenic shock or fluid-overloaded
states, the diuretic and afterload-reducing effects
of these medications may be beneficial. However,
in distributive shock (e.g., sepsis, anaphylaxis) or
hypovolemia, SGLT2 inhibitors may exacerbate
instability. Close hemodynamic monitoring and careful
fluid balance assessment are essential when considering
these agents in the ICU.

Electrolyte Disturbances and Acid-Base Alterations

SGLT2 inhibitors cause predictable electrolyte
changes that warrant monitoring in critically ill patients.
The Swedish pilot study demonstrated significant
increases in serum sodium (median 149 mEg/L) and
chloride.” Although not associated with adverse
outcomes in that small study, hypernatremia in critically
ill patients has been independently linked to increased
mortality in larger cohorts.”®

The mechanisms of hypernatremia are diverse.
Osmotic diuresis, with free water loss exceeding sodium
excretion, contributes to increased serum sodium
levels. SGLT2 inhibitors may also increase proximal tubular
sodium reabsorption through compensatory pathways,
paradoxically limiting natriuresis despite their primary
action.” In ICU patients with impaired thirst mechanisms
or restricted access to water, this can lead to significant
hypernatremia.

SGLT2 inhibitors also affect acid-base balance
through multiple pathways. By inhibiting proximal
tubular bicarbonate reabsorption, they can cause mild
metabolic acidosis (typically a 2-3 mmol/L decrease in
serum bicarbonate). In patients with pre-existing acid—base
disturbances, this effect may complicate management.
The DEFENDER analysis revealed progressive, modest
decreases in pH over five days of treatment, underscoring
the importance of careful monitoring.”

Other electrolyte considerations include a mild risk
of hyperkalemia, particularly when combined with
concurrent RAAS blockade; hypophosphatemia due to
increased urinary phosphate excretion; hypomagnesemia

resulting from greater urinary magnesium losses; and
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potential hypocalcemia associated with increased urinary
calcium excretion.

Volume Depletion and Acute Kidney Injury

The relationship between SGLT2 inhibitors and AKI
presents an interesting paradox. While large trials
demonstrate overall renoprotective effects, the initial
hemodynamic changes and volume depletion pose
theoretical risks for prerenal AKI, particularly in vulnerable
ICU patients. The FDA initially issued a warning about
the risk of AKI based on post-marketing reports, which
identified 101 cases—58% of which occurred within the
first month of treatment.

However, subsequent analyses have largely refuted
these concerns. Meta-analyses of randomized trials
show a 23-25% reduction in AKI risk with SGLT2 inhibitor
use.” This discrepancy likely reflects reporting bias in
early surveillance and the distinction between transient
hemodynamic effects and true tubular injury. The initial
decline in eGFR (typically 3-5 mL/min/1.73 m?) represents
a functional hemodynamic change, similar to that seen
with ACE inhibitors, rather than direct nephrotoxicity.*

In critically ill patients, the risk-benefit balance is
more complex: those with adequate volume status and
stable hemodynamics may derive renoprotective benefits,
while hypovolemic or unstable patients may face greater
risk. Key factors to assess include baseline volume status
and fluid balance, concurrent use of other nephrotoxic
medications, the severity of illness with any multi-organ
dysfunction, and the patient’s ability to maintain adequate
enteral or parenteral nutrition.

Infection Risk Considerations

Additional safety concerns in the ICU include
genitourinary infections and rare complications. SGLT2
inhibitors increase the risk of genital mycotic infections
(2-4 times) and may slightly increase the risk of urinary
tract infections due to glucosuria-mediated bacterial
growth.”” In ICU patients with indwelling catheters or

immunosuppression, this risk may be amplified. However,

large observational studies paradoxically show lower
overall infection rates, suggesting that anti-inflammatory
benefits may outweigh localized infection risks. This rare
but life-threatening necrotizing fasciitis of the perineum
(Fournier’s gangrene) has been linked to SGLT2 inhibitor
use. Although exceedingly rare (1.7 cases per 100,000
person-years), its high mortality (20-30%) warrants

awareness in ICU settings.

Risk Mitigation Strategies for SGLT2 Inhibitors in
Critically IWl Patients

The safe use of SGLT2 inhibitors in critically ill patients

demands a systematic approach to risk assessment,

patient selection, and close monitoring. Practical
risk mitieation strategies for ICU implementation are
summarized in Table 2 and include careful patient
selection by excluding individuals with type 1 diabetes,
prior episodes of diabetic ketoacidosis, or severe
hepatic dysfunction; comprehensive baseline assessment
of volume status, acid-base balance, ketone levels,
and electrolytes; and daily monitoring of glucose,
ketones, electrolytes, acid-base status, and fluid
balance. Maintaining adequate carbohydrate intake
(more than 100 g¢/day) through a structured nutrition
protocol, ensuring basal insulin coverage in insulin-
dependent patients, and adhering to clear “sick day”
rules for temporary discontinuation when necessary are
all essential.

Team education, focusing on the early recognition
of euglycemic diabetic ketoacidosis and standardized
management protocols, further strengthens safety.
Because the balance between risks and benefits varies
with the clinical context, individualized assessment
remains paramount: patients with cardiorenal syndrome
and fluid overload may gain net benefit, whereas those
with septic shock or significant hypovolemia face higher

risk.
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Table 2 Risk Mitigation Strategies for SGLT2 Inhibitor Use in the ICU

Risk Factor |

Euglycemic
DKA

Monitoring

« Daily ketone monitoring
(in high-risk patients)

 Acid-base status every
12-24 h

 Anion gap monitoring

* Blood glucose every 6 h

Prevention

» Ensure carbohydrate intake
>100 g/day

» Maintain basal insulin

» Avoid prolonged fasting

» Hold SGLT2i for procedures
requiring >12 h NPO

Management

Discontinue SGLT2i immediately
Initiate IV insulin protocol
Administer dextrose 10-20%
infusion

Monitor for 24-72 h
post-discontinuation

Hemodynamic
Instability

« Continuous blood pressure
monitoring

« Vasopressor requirements
every 4 h

» Fluid balance assessment

« Lactate trends

« Avoid use if norepinephrine
requirement >0.1 mcg/keg/min

 Ensure adequate intravascular
volume

« Prefer use in cardiogenic
rather than distributive shock

Optimize intravascular volume
Reassess risk-benefit regularly
Consider discontinuation if
vasopressor needs increase
>20%

Hypernatremia

« Daily serum sodium

+ Monitor closely if Na
>145 mmol/L

« Assess free water deficit

» Ensure adequate free water
intake

« Monitor if on loop diuretics

« Adjust IV fluid composition
as needed

Replace free water as indicated
Consider dose reduction
Discontinue if Na >155 mmol/L

Volume
Depletion

« Daily weights

» Monitor urine output

« Clinical volume assessment

« Echocardiography/
hemodynamic monitoring
as needed

« Account for increased diuresis
(+200-400 mL/day)

 Use caution with concurrent
diuretics

» Monitor closely during CRRT

Replace fluids as indicated
Reduce diuretic doses if needed
Hold SGLT2i if oliguria develops

Acute Kidney
Injury

» Baseline creatinine
Repeat at 1 month
» Monitor if increase >30%

« Accept initial eGFR decline up
to 30%

» Maintain euvolemia

* Review concurrent
nephrotoxic medications

Assess volume status

Review for nephrotoxin exposure
Consider holding if AKI
progresses

Genitourinary

« Daily perineal assessment

« Provide hygiene education

Initiate antifungal or antibiotic

Infections  Monitor for UTI symptoms | «Implement catheter care therapy as needed
« Obtain urine cultures if protocols + Optimize local care
indicated « Consider prophylaxis in « Discontinue SGLT2i if Fournier’s
high-risk patients gangrene develops
Drug  Review medication list » Reduce insulin doses by « Adjust interacting medications

Interactions

 Monitor for hypoglycemia
« Assess for hypotension risk

15-30% if needed
» Use caution with diuretics
» Monitor closely if using
RAAS blockers

Increase monitoring frequency
Document significant interactions

DKA, diabetic ketoacidosis; CHO, carbohydrate; NPO, nil per os; IV, intravenous; BP, blood pressure; CRRT, continuous

renal replacement therapy; UTI, urinary tract infection; RAS, renin—angiotensin system; PRN, as needed.
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Future Directions for SGLT2 Inhibitor Use in
Critical Care

The expanding evidence base for SGLT2 inhibitors in
critical care highlights promising avenues for research
that could reshape the management of acute organ
dysfunction. Although current data justify cautious,
selective use, substantial knowledge gaps persist. Several
pivotal trials are underway that will help clarify optimal
use in ICU settings. The PREVENTS-AKI trial (NCT05468203),
a landmark multicenter, randomized, placebo-controlled
study, is evaluating dapasliflozin for AKI prevention in
critically ill patients at high risk.”> This trial will enroll
1,500 ICU patients, randomized to receive either
dapaglifiozin 10 mg daily or placebo. The primary
endpoint is severe AKI (KDIGO stage 2-3) within 30 days,
with key secondary outcomes including mortality, need
for renal replacement therapy, and long-term kidney
function. Its pragmatic design, broad inclusion criteria,
and patient-centered outcomes will provide definitive
evidence for routine ICU practice, with results anticipated
by 2026.

In addition, several complementary trials are exploring
SGLT2 inhibitors in targeted ICU populations. For example,
the NCT05360615 trial investigates the initiation of SGLT2
inhibitors after an AKl episode to prevent recurrence and
progression to CKD, addressing questions about optimal
timing.”* The RENAL LIFECYCLES trial (NCT05374291) takes
an innovative approach by including patients with
advanced CKD (eGFR below 25 mL/min/1.73 m?) and those
on dialysis with residual urine output—groups historically
excluded from prior trials. Its composite endpoint of
mortality, kidney failure, and heart failure hospitalization
reflects the complex interplay of organ dysfunction in
critical illness.™

In the perioperative arena, multiple studies are
examining whether SGLT2 inhibitors can provide organ
protection during high-risk surgery, balancing AKI
prevention with the risk of perioperative euglycemic
ketoacidosis. These diverse trials, spanning both medical
and surgical ICUs and covering septic and non-septic
patients, reflect erowing interest in the potential of SGLT2

inhibitors to benefit various critical care scenarios.

Although the future of SGLT2 inhibitors in critical care
appears promising, it hinges on high-quality evidence to
bridge current gaps. As ongoing trials yield results and
mechanistic understanding advances, these agents
may move from cautious exploration to routine use for
preventing and treating acute organ dysfunction. The
integration of robust basic science, well-designed
clinical trials, and real-world implementation research
will ultimately determine whether SGLT2 inhibitors
fulfill their promise to improve outcomes for critically

ill patients.

Conclusions

SGLT2 inhibitors represent a paradigm shift in nephro-
protection, with robust meta-analyses demonstrating a
reduction in AKI incidence despite an initial decline in
eGFR. This paradoxical benefit challenges conventional
assumptions that acute hemodynamic changes are
inherently harmful, positioning SGLT2 inhibitors as
powerful organ-protective therapies. Successful adoption
in critical care will require a systematic approach that
encompasses clear patient selection criteria, appropriate
timing that favors prevention over treatment, vigilant
monitoring, and interdisciplinary collaboration. While
significant knowledge gaps remain, the results of ongoing
trials—particularly the PREVENTS-AKI study—are expected
to provide crucial evidence to guide the safe and effective

use of this treatment in the ICU.
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Fluid Assessment by Venous Excess Ultrasound
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Abstract

Critically ill patients often experience fluid overload, which is associated with an increased risk of complications
and mortality. One key pathophysiological aspect of fluid overload is fluid accumulation in the venous system and/
or impaired cardiac function, affecting both systolic and diastolic phases (systolic and diastolic dysfunction). This
results in reduced perfusion to vital organs, making the rapid and timely diagnosis and treatment of fluid overload
crucial for\ minimizing complications and reducing patient mortality. Traditional physical examination methods may
be prone to errors. Currently, a panel of ultrasound techniques known as ‘Point of Care Ultrasound’ (POCUS) refers
to the use of ultrasound for specific purposes to guide treatment decisions. POCUS can be performed on
multiple organs, a practice referred to as multi-organ POCUS, which includes the assessment of the heart, lungs,
and veins. Venous Excess Ultrasound (VExUS), a component of POCUS, is a novel Doppler technique used to
assess fluid overload in the venous system. However, VEXUS should not be used to predict responsiveness to fluid
management. This examination primarily focuses on the inferior vena cava, followed by the hepatic, portal, and

renal veins.

Keywords: volume overload; volume depletion; ultrasound; CVP; central venous pressure; CHF
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UNANED

fieingeiinusauifunisiiiu (FLuid Overload) erdesiusnmmsiinnsunsndounas shsmsdeiniifiutu
sillutsziiuddymae Baisinevesnmeiiiuienisavauvesoavadluszuuvasndensiuay viensvinnuresiily
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somsannzunIndeuLazdmmadetinvesitias Bnawsaiunmewuusiduoradicuaanedould Jagtuiinade
Fans1wnAfiGundn ‘Point of Care Ultrasound’ (POCUS) Fsvsnefanslisansendito tagustasdianzlunistiedadula
N3IN53NE @nsavih POCUS e funansafens §aSun31 Multi-organ POCUS 5aufian1suszdiuiila Uen uazvaendons
Venous Excess Ultrasound (VExUS) Wudumilsves POCUS Wumalinnisdansienduuunediansifieuszifiunie
duivluszuunaenidens ausevaenidensiiviidauan (Inferior Vena Cava) museviaanidenssiu viassidensmesita

wazViaanLdannbn

ARy UY; Wiy dvhinden; n1sussidivansin

UNUI

fuheingaiilssumssnulunesiunagihenindniany
Yy (Fluid overload, FO) #usiusiudnsIn1sinnng
wnsngounarsnsImeiiuiy’ wenSassinenfidfy
Uszmsuilwes FO Aemsiithddlussuuvaendons uay/
e safunsauresiilafiunnses vlugiedalngn wae
lauealndn (systolic and diastolic dysfunction)*® dswalit
fidenludsweinzddyanas maitaduarmssnumami
fpg1TInEasTuiTalaudfyiiefiasdisannie
wnsndou wardnsneveiey

Tuofin 1438195199918 nsduanaugaansiy
Tumsitadenneziniu feenaieruianarsls ﬂ%qﬂ’wf
finsasasedansedfiBenia "Point of Care Ultrasound"
¥30 POCUS damnefis msnsinsdansienndsnegauszasd
fFmnziiod e M MUALLININITENY WaraIN15anTIn

POCUS l¢funansetens wiefiSundn multi-orean POCUS®
lauA nsmsravila Uen uagvaenidonsn n15n$39 Venous
Excess Ultrasound (VExUS) ¢ @ai8udrunilsves POCUS
Wuwumslunismsauuuln ieldnsagaizdiiu
Tuduvomaendond® 18TnnsEuth VExUS unlddaus
U A 2020 Tny Beaubien-Souligny wazAmy® NNy
msasavdatituldsuaudonsgiaunsrans wasilnuide
Aeafun1snsI93aiifiady nsmsreidunisldsansenas
m’m@ﬂ%mmﬁlﬂwaamﬁamﬁwLLaquai’mwhm 1n8n1s
Uszifiuannauiauesduili3as3uin1in (inferior vena
cava, IVQO) LLazﬁigz:yﬂmﬁu doppler ¥83 hepatic, portal
wag renal veins 98AU83IN15MII3 VEXUS Aeal8uan
USunaididdunasnidonnand wazldfnniunisine
LUV realtime w&ann1sTuthesnaninenty egaslsfin
1130339 VEXUS fo901dennuianudila wasanudiungy
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Tun1sms1a Daztuasyilinanlanaianfou wasinane
ns¥nwgUaele

#1989 VEXUS

Tuafniirinuin nisUssdiuanmgansthlusieniediag
1¥58n399579me Sadanadn sauanusilaiin vieass
fhemiliarniudignisneuauss (luid challenge) w33
wianiganaauuiugt Tnsiawy fluid challenge dnifihe
HNMENaRAEaATEIERILASINETUNIUIDINaDALEDN
ity wu lunmesindelunszuaden (sepsis) nsldansi
o19lilAinn1smevaues T FUeiinsrawy IVC & 019
Tenmalsinevauessioansih uazerailiAnamshadlde®

A157°9% 1 ASUULNTAVBE VEXUS

Ansfnedfy vee VEXUS Buusniieves Beaubien-
Souligny wazamz® Faldnsasiadansienasd (POCUS)
lugtrevesiviadiientdnudainmsiidaiiala Tneviinis
n379 POCUS 9niu waziundnssuuliazuuundaiunge
0-3 (An519#1 1) WU 7l VEXUS score tnsnge axdusius
Aunsiialanel@eunay (acute kidney injury, AKl) uay
Judedifiusiuginiinis¥a central venous pressure (CVP)
IneilAn post-test probability 75% lu VEXUS waz 25%
Tu CVP s Munoz wazaasz’ AldvinnsAnuiiasenns
ngR 90 TeluvesivragUienin Iaeld VExUS Tuns
Ussifiuanmyansth wudn VExUS Wildansnsalduengiae
nauiineuauasuarliineuausswoasiladiin

Grade IVC Doppler Vein Patterns
diameter Findings
Elgle] Hepatic vein Portal vein Intra-renal vein
Congestion
Level
0 |<29u Any findings . .
NAw,/\N/VV\/\/\
None (normal or /\\/ V7 A V] A
abnormal) s S \5/ ‘ \/\/\/\I\M/V\,/\AA/JV\’\/\/WW\/\’\A/\/
IRV
Normal
Normal Continuous Normal
S>D < 30% Pulsatile Continuous
1 > 2 9. Normal or a
i e /\ i /\ A /\/\ TN g Ny VM /\\M
abnormal v\/ \/\/ \/v i \/ \»/k«/f \/ Uy
pattern . : W
d /V/\/\’\/ \W Venouse Congestion
Venous Congestion Venous Congestion Biphasic
S>D < 30-50% Pulsatile Distinct S,D waves
2 > 2 9. One severe s
Moderate  [abnormality AN AR AL . MM\/\WM
in any organ \/ \/ \/ :
d \A/\/\/\A/\/\J\\/VV\/\/\\//\/\/\\/ . DV \D/
Severe Venous Congestion Severe Venous Congestion Monophasic
S Reversal >50% Pulsatile D-only below baseline
3 > 2 9. Two or
Severe more severe
abnormalities

91999910 ¢ IVC, inferior vena cava
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911NEUVRY Beaubien-Souligny lavinn1sAnwinui

%
I VEXUS 105 2 4ay 3 agdunusiusnsineniuay

B
(th5A 2 adjusted hazard ratio 4.03) gr3amudorty
(confidence interval 1.81—8.99)1‘1460@4317%5@ 3 9gdl hazard
ratio 2.70, Cl 1.10-6.65, p = 0.03)"

Islas-Rodriguez uaganis" AnwidUae 140 18 fiuou
Tsmenuasenngiilaneidonds (acute decompensated
heart failure, ADHF) S3uAU AKI Wu31n1sly VEXUS agaiae
T¥nnsAmuad3unanisiainesnainsranieiniinisly
Fe%afn (OR 2.5, 1.3-3.4, p=0.01) 0819ls5AR waranIs
vhamaslalsiunnsnsiuisaesndy Ssoradumaedts 2 ndu
finuguusIves AKl luun TseduA@suasositiuiiie
1.1 uag 1.4 un/ma Tungu VEXUS wagnguaiuny mua1au

WINTY 1an8nISANEIANUIN N5 VEXUS ¥38andnsn

4,12,13 13,14

nsdedin®>" winaddlilasunisBudulunnnisiinw
ag3lsfinu VExUS fusglenilusinunsitadunisiniu

15-18

wagyiuensiin AKI® wag VEXUS teedefinnudunus
fidmauiusyiu VP wazdnuazaduludansiens (portal-
pulsatility) Jadudeduduin VExUS lviuneuaritadeniag
ihédlunaemdensi (venous congestion) éiluegad
Venous congestion Aaldaniansiisturesudiy
Tuosilavuwi (right atrial pressure, RAP) Wazn1sanas
VBIANNEANEUYBIMABALTRAA (venous compliance) #
msAnwnuin N3l VEXUS avusiughninnislden RAP 4
1NN 12 1. Usen lunisyiiunenisiia AKIY msAineisen
Fudumudiussening VExUS waz RAP Tunguiitaediin
ainla (right heart catheterization)® n15l4 VEXUS 39
fusgleailununisitiadsn1ig venous congestion

fousdlunsnge

VExUS fiuselosilunisussdiutimmuansinlugiedd
amgilanedends e AKI ftheflegluannizden vie
fanuslafinaivnanvnlaild® udasld VExUS sauiu
3199 Me gL U MR capillary refill time 3onTs
ATREURDAI I USRS (neck vein) Saudun1sdnUsy in
st ez Bunanoiiioysziliuamguesnnzdoniiiunis

3511515297

aunsal

THirdesdansignsiiuaninin 2 37 s9uiu doppler
yinfiAuazadudes (pulse wave doppler) d@uinsIa
(probe) aunsalduuulAs (curvilinear) #3BUUU phased
array (3enay) wadndeslduuulfannndt mstaesesianiy
nsiuYewila (electrocardiogram, ECG) Vinasnszuziian
Fnsramninlg dielinanisasiaudugnnniy nsnsaald
wé’ﬂmiﬁmﬁ’uisi’qmiamL%@qummgm (universal safety
precaution) lngnsraaisldgunsaidesfiunuuuinigiu
dannevimegigluriieunag uazegluseduioiverngia
\enuazaIn HR3293UnTIasleiletnaied wagldile
SnthauFudusinenvesaiesdansienad

MsRaASes

Tunsmsaa IVC, hepatic vein (HV) wag portal vein (PV)
19119 mode cardiac, abdominal %38 Focused Assessment
with Sonography in Trauma (FAST) 1159523 IVC N34 mode
cardiac szviliunmmasadondneuiiy aunsaUiuaina
m’mauﬁaﬂﬁqﬁuﬁﬂ 100 @1, Aund 18 usideaduanunsn
FipuaziBealifisedu 40 au.Auiideu wdSeresq
USuiiaduld mnsaa intrarenal vein doppler (IRVD) A%
\@8n318A15 abdominal wee FAST LaglaensgAunIudn
fidounin 20 sy Aund wasuiudliiuveonidondauiu
Tnefiaunaseuaiiumnzauie 50 ua./Aunil Srseiuanudsn
lUpnaueaiiu turbulent flow Aanelduidendiuls

N190373 inferior vena cava

Fuusn Tasrnvuines IVC Tasmefansrasiniraud
1-2 931, TngnevingIafisedu 3 Wi (Uil 1) awléigu IvC
short axis dzfasuenuasadenianasan Jsazegnssnand
fn91NAY fouMyuiIngIlusEuIULEIETT (long axis) Tu
frnauduuniiniain 3 wiRnlugiunis 12 widinn
Qg IVC wdlaesuuean wag Hepatic vein (HVC
g IVO)
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- , Right
e atrium

a  ax . .
3UV| 1 351197539 inferior vena cava
N MIIATIVTEAU 3 W1 LTDATIIVWIAYEA inferior vena cava T short axis; UMy uHInT3997N 3 uninlugiummis 12 s

LDRSIFVUIAVBS inferior vena cava b long axis; A. 3U Inferior vena cava Tu short axis; 3.3U inferior vena cava Tu long axis

UeAudennsia long axis Nou A1FIATUIA IVC 9% wInnin M-mode U1evinunuzidnlindn IVC Tu short axis
FaUSn 2 9 FNNI1TesoNvailauuYI kas IVC w5 view sigadalsAa 1518991 nsTauune IVC Tu short axis
A1n31 HV-IVC junction 1 @3 (§UA1 2) uugild B-mode  agdusiusiiu CVP findn long axis™

35U 2 1599 inferior vena cava fMei5au
. gundaiwzanlun1sin inferior vena cava UM 2 B3 ANNITRLWBNYBIRULYIN LAY inferior vena cava 3

$11N11 hepatic vein-inferior vena cava junction 1 &u; 9. inferior vena cava Iuyu short axis
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yummes IVC fifosnd 2 su azdnoglu VEXUS 1nsa 0
wanein ifiamzduiu vwaves IVC Fufvmaiiuiinaves
s19Meee A51891u9Ue IVC Tupuey azldvwn 1.7 vu
Dunas® Tunsditliannsanannssldaudle awnse
Bounneisnurnanadls Tneoesmazegimdeld
fafu NMInTIan ATz (pulsatility) o19luenlald
wszluunensal Wy hyperdynamic states wavauila
tricuspid $3 @199l IVC fidnwaue T pulse I8 IVC
genela eranuldlutinfun waz IVC finadnas ananuld
Tunsdififmnusuludesiendindu? msfa VC ludnvae
anteroposterior wiaztduduLnisnIngTgIu Ao95e331
pnanTaReaaUmLsiuTlavesuule

JoA255239

919iN15dUaNsENING IVC Uag aorta b JeAnsseysumie
w04 aorta Wldlasazagraulumedie wagmnidu IVC 9z
il hepatic vein undeusie Tuvaeil aorta i IVC o719
mmmimﬂﬁ'luﬁﬂﬁwﬂmaﬁmmé’fuﬁﬂaﬁawumwhjqa wndl
amzanufulutesiosgeenasiild VC Fuldlnefinmsiu
WlariosuurIge

N1973739 Internal jugular vein

UnAudan15ms2a internal jugular vein (V) lallaidu
d1uUsEnauTes VEXUS WAanunsansiald inszusuenie
anuduluilavieauuulanie (right atrial pressure, RAP)
fisreeuluvienny wu fuudeiill collateral circulation
2137111 n15m573 IVC vilaaiuin asmsaa DV-Cl (V-
collapsibility index) fisumiis 2 1. wifleste sternoclavicular
joint < 24.8% ayliAnulisesay 100 warAIINT NI
fawar 97.1 Tunsviuneg RAP > 8 uuusen® egrslsia
159539 DV enafideRanainladie 19@Wu 210157
AHAUBITEAURDN NIHULUTAINNITMETD Lagsiunts
mynehasiadudy

N1961399 Hepatic vein

annsansanld 2 suisie 18auT (Subxiphoid view)
LazLUIEN (Coronal view) Mumisiife Tiarnduain
xiphoid process 1U#i midaxillary line ’nﬂﬁ’mi’sﬁ]ﬁﬁmﬁﬂﬁ
WulunadswedUas n130593698 mode color doppler
azeliiiu HY daau wave form Tu HY wdl 2 daufe A

uae V wave (fimmaduuin) way S0 wave Ranmaduau)
(3U11 3) Fovaneiisiirmevaadeniilnasenain viesigiile
§ranursansianduliiimlesanludieaznudn A wave
n3efugae P wave vaspdulniiiale S wisuivia QRS
complex uag V wave Wiguindulaiguss systole laz
D wave \inuds T wave devianefislugag diastole vaudi
tricuspid valve \Ua viliidenlvain HY g IVC wax
WilanesuuraNaIsuUnALdY S wave 9gdl amplitude
111N D wave Win1 RAP qa?ﬁgu Tfu a1
HaUn@ 9zl amplitude 989 S wave anad UYL
Aanaeduuinls deAisseiwesnisnsiane luaniiy
atrial fibrillation ©12%119% A wave meld wazauinves
S wave anad (5<D) wsl RAP aglalfindy viluuanafnld
Tunmziuuds wave form orafiaunild lunmeau tricuspid
$1'S wave anandusiule

3U#1 3 NM139 573 hepatic vein

IugﬂLLmﬂﬁLﬁu hepatic vein wave form, A llag V wave
@Hemaduuin) waz S,D wave (Aamaduau)

N197993 Portal vein

A5 coronal view gyl waveform ladatau
N1791 NMFINAINUIRINTITAILNULABIAUNITATIA HY
GU 4) idesnsmsiaduuarlndienn Tideuasiam
aan sl doppler agnu flow Juns uamaindonisiianis
Wmnangia anansausuanaveuedeadfieduau portal
vein pulsatility fraction (PVPF) 1¢
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35U 4 N139539 portal vein

n. wanaduaNNR91n xiphoid process lUussauiu midaxillary line \usuvidsiinesinsiaiiien hepatic vein wag portal vein;

TNHIMTIRUUEUANNATIAINIIN xiphoid process TUUTTIUAU mid-axillary line Iag31a marker lUnesnusvesiae

NsuUana
Unfidnuauzaes PV asdudnunizsaiiios wasd pulsatility

Turediin inszgninrinlag hepatic sinusoids A1 PYPF Unf
V max-V min
W ) x 100%

ationnin 30% widdaedarninAulusnenie a1 PVPF

98y A1 PVPF 30-50% wamsintiiudiunans waanen

1A 50% viselalil flow lvadoundu uansindnmziuiu

oE1agULs (3UT 5)

&M‘%m?ﬁh A T

P Y

§ o A | 3 a 13.59-7.06
JUN 5 dreghagiaeniingdniudiunans (————)x
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X

gaeimilaiAy TudUieduuds wedanzanusuluszuy

U

TaNesyishe {NT1enene wIetiniwienalen PVPF

xY

Wa3viage (portal hypertension) 8193 wave form fi1as

nIvuAN PVPF qﬁu 91nn153 arteriovenous connections
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% v

Pinlus1eneladiiy s9u79A1 PVPF 13uUnfugunagiiy
Tuaufimuaulu hepatic sinusoid Aidsludsilaesuuen
a A ' A ) [ P ~
anad msanesessuadulniilamuglumeliieusnnis

Waguwladves wave form sunsmegla

N190929 Intrarenal veins
Tun1sms73 VEXUS azldennsaa interlobar %50 arcuate
vein Fadududosvunndnunufiaznsia main renal vein
(Ul 6) msmdudonmartegludola Fusiinanseny
definnziniu vildeuranundld n1smsa9 interlobar
vein agvildazainiian arsldansransuuuuwien
(coronal view) fisesreszriaduanyAfiarndenssming
posterior axillary line waz xiphoid process 1Ag1397
59Tl esnuden Srasnsralidiule T afasieman
Tnedluiiemavadls msld mode color doppler azifiuiden
g mnsranduduns 194 mode abdominal #3e
mode renal warUSuanainaas wauSudaudiu flow 9a
TuanmzUnd sty pulsatility Aewdnstios lifadusuniu
&rihiade azihu pulsatility Wudy wazilndusuniu Gheths
WUNU S,D wave TaLaw) FilnmeiuAumn S wave 91andu
weglulyuuin wdewies D wave fisn baseline Foas
5874 fip ﬂﬁmaﬂﬁLﬁumwﬁmmﬂﬁﬁﬂa&Jﬂg’umsﬂf\]
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Interlobar vein

Segmental vein

g‘d‘ﬁ 6 N137529 intrarenal veins

v
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N. A interlobar vein g arcuate vein; . f19819v8UENNNILINAT 15IVTANTIHNIAN Arcuate vein WU

Widaied D wave 91snnI1 baseline

NITUWUITEAU VEXUS

MsuUssERUTeY VEXUS danandlunisnedi 1 1nse 0 fe
qunn IVC teenth 2 au vunedlaiitiiu S1awa VC wnn
2 sy anansaulssssuiAueenld 3 susu Tnefarsansauiu
hepatic, portal k&g intrarenal vein doppler 51‘13’1Lﬁu1ﬂmﬂ
S wave Agflvuiadnnin P wave ussedudasnnii baseline
deladl s wave ndufiatuun LLaquWﬂqwmquLLiaLﬁm%u
du portal vein lauusanuguusadu 3 sy fie Juusades
AN pulsatility BE3EMIN 30-50% UagarTULTIING >50%
&2 intrarenal vein avAnun@ldniiesdl S wag D wave
Fawonfudoiau wazasdanusuusnfisfudnidudnume
monophasic Wazilaniz wave D VEXUS 1nsa 1 fip n15dl
wave form AaUARLAEY 1-2 wave 1A 2 Ao AAMURAUNG
989 wave Wgusidusefuguuss @ 1 wave Mlunge
3) Turauefiingn 3 fio AruAaUnfves wave 2-3 81 wandi
fhidslusnsneann’
IDIREFN

nsuUsszRuAAITULT Ve VEXUS ladanunsauenldimi
Authuiinan volume overload waa pressure overload
Duilsnededieilduenitfiidduetoiveneg ueildld
vonane og13lsARn150399 VEXUS amnsald@inniy

18,27,28

Wiannun1sSnEnle ANSwUANAR DINA1TUNTIUAY

2INNINAGTNLEND FIUAUNANITNTIIN1IUJTANS

waznniaddu fegatu fhefiameiilureaderuiila
(pericardial effusion) 2xfif1 VEXUS sesfugs usinisan
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swfusiauseaue
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Tunmg CHF @wnsaun VExUS unlglunisesiauazine

ddald?® uenndunisnriasansendidelen avtae

nsrgUimaninivluventiudaeld Taonsaam “B-line” *

A9k VEXUS Faududansngninlen twsig VExUS 9y
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#nwiflae CHF 290 518 Alivinn13m599 VEXUS wuinfesay

39 dneglungu VEUS tnsa 3 efiodndunguiiwumnniige

Hadeiinusauie vunvestilaredrewniln fiau tricuspid

$15uuse waznisiauvesidlaesuurnildd §d

VEXUS 1050 3 %ﬁé“mnma@a%umm (odds ratio 8.03, 95%

Cl 2.25-28.61, p=0.001) ety VEXUS score Wahevihune

Sasnwle uonaniidaiinsseaunisld VExUS Lite

Uspifiuasiiluduasiifanetalanedendslugdosds
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azlaneidsunau (Acute kidney injury, AKI)

§finsi1 VExUS antheussdiudSumnaesinlusianie
vosfftaeinnng AKI Tunesfuragtaenin Andrei uay
Az WU 145 518 AlFFUMIRTIIRE VEXUS 4 Ade
nelu 48 au. wasansulishwilulsaneiuia wuinszeu
103 VEXUS Tildduiusiunsiin AKl vise Shsmaned 28 u
o1 dunngluns@nundfgis VExUs grade 3 it
¥away 6 Wit Bosisio wavAmy™ lavihnsane systemic
review war meta-analysis #159U571970 4 n15ANYA
\eAnwAuduRusues intrarenal venous doppler waw
gUAn15aln191An AKI wui1dnwaz flow wuuseLiles
(continuous flow) agillenaiin AKI Yesaseeatiesadwil
AMURAUNAYDY waveform @1u1sausnienIsliandunsIe
seln uavUSunanhfiaslasme uin1sdnen meta-analysis
Fuilfsunumanunisinuunaoudieion uazuaeiia
ANNaINVia1y Jse1avilviuUanasnn Beaubien-Souligny
wazAnE WU portal flow pulsatility warnsaeunlas
299 wave form 9819u1AV4 intrarenal vein AzdUNUS
fumsifn AKI wenanil portal flow pulsatility §sduius
flUTEAU systolic pulmonary artery pressure ‘171'@@ U
thavaunnlusiene wavsysiu diastolic pressure fianas
dnway monophasic wave wduusAY AK lavnszes™
Fogagnolo wazAme™ wullANEAUnFv9s IRV flow
dusiusiugiinisainisiin AKI (13/13 Tundsl AKI uag 1/17
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Abstract

Background: Mineral and bone disorders in chronic kidney disease (CKD) involve disturbances in mineral metabolism
and hormonal regulation that lead to bone loss, fractures, and increased mortality. While bone mineral density
(BMD) testing does not directly assess bone turnover, the 2017 KDIGO guidelines recommend BMD testing in CKD
stages G3a-G5D for those at risk of osteoporosis, given the growing evidence linking low BMD to adverse outcomes.
However, data in advanced CKD remains limited.

Methods: This retrospective study evaluated BMD in 189 patients with CKD stages 5-5D who underwent total hip,
femoral neck, or lumbar spine BMD testing between 2011 and 2022, with an average follow-up of 51.2 months.
Results: Multivariate analyses revealed that the presence of a lower T-score or osteoporosis at any skeletal site,
as well as at each site separately, was associated with traditional risk factors, including older age, lower body
mass index, and female sex. Biochemical markers, such as reduced serum calcium, elevated alkaline phosphatase,
decreased total lymphocyte and platelet counts, as well as elevated mean corpuscular volume, were associated
with reduced BMD. Patients with CKD stage 5D experienced greater BMD decline than those in stage 5. Osteoporosis
at all skeletal sites predicted all-cause mortality.

Conclusion: Reduced BMD and osteoporosis in advanced CKD were linked to traditional risk factors, disordered

mineral metabolism, systemic inflammation, and nutritional deficiencies, and were predictors of mortality.
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Introduction

Mineral and bone disorders in chronic kidney disease
(CKD) encompass a spectrum of abnormalities in mineral
metabolism and hormone regulation, ultimately leading
to bone loss, fractures, extraosseous calcification, and

increased mortality. In the early stages of CKD, elevated

levels of sclerostin and DKK1 inhibit the Wnt signaling
pathway, which is essential for bone formation. This
inhibition suppresses bone formation, resulting in low
bone turnover and adynamic bone disease'”. In later
stages, a decline in 1,25-dihydroxy vitamin D levels leads

to an increase in parathyroid hormone (PTH), which
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stimulates bone turnover and contributes to high-turnover
bone disease’. However, in dialysis patients, low bone
turnover remains commmon due to CKD-related factors that
contribute to PTH resistance and calcium load, such as
the accumulation of uremic toxins, high doses of active
vitamin D, calcium-based phosphate binders, and high
dialysate calcium concentrations™. As a result, patients
with CKD stage 5D may present with low, high, or mixed
bone turnover histology.

To accurately identify bone turnover types and guide
treatment, a bone biopsy with histomorphometry is
required. However, due to its invasive nature, associated
patient discomfort, and the need for specialized tissue
processing and software, this procedure is not widely
available and is infrequently used in routine clinical
practice. Physicians often rely on bone turnover biomarkers
such as PTH and alkaline phosphatase. Recently,
non-kidney-retained bone turnover markers, including
bone alkaline phosphatase, intact procollagen 1 N-terminal
propeptide, and tartrate-resistant acid phosphatase 5b
have been proposed as more accurate predictors of
bone turnover™®.

The 2009 KDIGO guidelines did not recommend bone
mineral density (BMD) testing for evaluating bone disorders
in CKD, particularly in later stages, due to its inability to
distinguish different types of bone turnover’ However,
growing evidence linking decreased BMD to adverse
clinical outcomes led the 2017 KDIGO guidelines to
sugeest BMD testing in patients with CKD stages G3a-G5D
who have evidence of CKD-MBD or osteoporosis risk
factors, especially if the results would influence treat-
ment decisions’.

Despite these recommendations, data on BMD and
clinical outcomes, particularly in advanced CKD, remain
limited. The discrepancies in the ability of reduced BMD
at each site to predict outcome also varied. A systematic
review and meta-analysis published a decade ago, which
included 13 studies (three conducted by the same group
of authors) in CKD patients, found an association between

decreased BMD at the femoral neck, lumbar spine, and

radius and an increased risk of fractures’ More recent
studies in dialysis patients have suggested a relationship
between decreased BMD at the femoral neck and the
distal one-third of the radius and increased mortality'**".
The present study evaluated BMD at the femoral neck,
total hip, and lumbar spine in patients with CKD stages
5 and 5D. It further examined the associations between
osteopenia or osteoporosis, defined both at any site
and at each skeletal site separately, with baseline
biochemical factors, as well as evaluating their ability

to predict all-cause mortality

Materials and Methods

Study design and setting

This is a retrospective cohort analysis of patients with
CKD stages 5-5D who underwent BMD test by dural-x-ray
absorptiometry at Ramathibodi Hospital, Mahidol
University, Bangkok, Thailand. The study was approved
by the Human Research Ethics Committee of the Faculty
of Medicine Ramathibodi Hospital, Mahidol University
(Approval number: MURA2022/260). The Ethics
Committee granted a waiver of informed consent.
The study adhered to the ethical standards outlined
in the 1964 Declaration of Helsinki and its subsequent
amendments.

Participants

Patients with CKD stage 5 and 5D who received
care at Ramathibodi Hospital between 2011 and 2022
were identified through the electronic medical record
system and cross-referenced with the Department of
Nuclear Medicine’s BMD database, yielding 644
patients. Medical records were reviewed, and those who
underwent BMD testing before reaching CKD stage 5 or
after kidney transplantation were excluded. A total of 189
patients were included. For patients with multiple BMD
tests, the worst BMD result for each patient was used. This
resulted in 189 patients who underwent BMD testing at
any site, including 183 who had total hip or femoral neck
assessments and 187 who had lumbar spine assessments.

The study flowchart is shown in Figure 1.
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CKD stages 5-5D patients
between 2011-2022

N

BMD database from the
Nuclear Medicine Department

e

644 CKD stages 5-5D patients
with BMD tests

Exclude 455 patients who had BMD
— tests before CKD stage 5 or after
kidney transplantation

189 patients

—

189 patients
Any site

Figure 1 Study flow diagram

CKD, chronic kidney disease; BMD, bone mineral density

Bone Mineral Density

BMD was determined by dual-energy X-ray absorp-
tiometry (Hologic A, software 12.6.1, Bedford, MA, USA).
Osteopenia and osteoporosis were defined using the
World Health Organization criteria’’. In this study,
osteopenia and osteoporosis at any site indicate that a
patient had a T-score between -2.5 to -1 and below -2.5,
respectively, at one or more of the following skeletal
sites: total hip, femoral neck, or lumbar spine. Thus,
the presence of osteopenia or osteoporosis at any site
was defined by the lowest T-score among these skeletal
sites.

Outcomes and follow-up

The outcomes included examining the associations
between BMD, T-score, and osteoporosis with baseline
factors, as well as evaluating their ability to predict
all-cause mortality. The study began at the time of the
BMD test, with follow-ups continuing until the patient’s
death, kidney transplantation, or the end of 2024. For
patients lost to follow-up, survival data were obtained
through phone contact.

Biochemical data

Demographic and laboratory data were obtained from

183 patients
Total Hip/Femoral Neck

N

187 patients
Lumbar spine

the electronic medical record system. Cardiovascular
disease (CVD) was defined as a history of coronary artery
disease, cerebrovascular disease, or peripheral vascular
disease. Baseline biochemical data were calculated as
the 12-month average values preceding the BMD test.
Serum calcium levels were corrected using the following
equation: corrected calcium (mg/dl) = serum calcium
(mg/dV) + [(40 — serum albumin (g/1))/10 x 0.8].

Statistical methods

Data are presented as mean + standard deviation,
median (interquartile range), or number (percentage).
Group differences were assessed using one-way ANOVA
with Bonferroni correction, the Kruskal-Wallis test, or the
Chi-square test, as appropriate. Baseline demographic and
laboratory data associated with BMD and T-scores were
analyzed using linear regression, while associations with
osteoporosis were assessed using logistic regression. Cox
proportional hazards regression was applied to identify
predictors of all-cause mortality. Multivariate analyses
were conducted using stepwise regression with
backward elimination. All statistical analyses were
performed using Stata 18 software (StataCorp LLC,
College Station, Texas, USA).
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Results

Baseline demographic and laboratory data stratified
by osteopenia/osteoporosis status

Baseline characteristics and laboratory data for all
patients (N=189), stratified by T-score category for
osteopenia and osteoporosis at any skeletal site, are
summarized in Table 1 and Figure 2. Among 143 patients
with CKD stage 5D, 6 were on peritoneal dialysis, and 137
were on hemodialysis. Twenty-five patients (13.2%)
had normal BMD, 68 (36.0%) had osteopenia, and
95 (50.8%) had osteoporosis. Declining T-scores at any
site were associated with older age, female sex, and
lower body mass index (BMI). Patients with osteoporosis
more frequently had CVD and a history of fractures.

Use of active vitamin D was also more common in the

osteoporosis group. Additionally, lower serum creatinine,
calcium, and phosphate levels were linked to greater
declines in T-scores.

Baseline biochemical data stratified by osteopenia/
osteoporosis status at the total hip are presented
in Supplementary Table 1 and Figure 2. Among
183 patients, 58 (31.7%) had normal BMD, 79 (43.2%)
had osteopenia, and 46 (25.1%) had osteoporosis. In
addition to the above relationships, osteoporosis at the
total hip was more frequent in CKD stage 5D compared
with stage 5. Declining total hip T-score was also
associated with hematologic indices, including higher
mean corpuscular volume (MCV) and lower platelet
counts. No significant association was observed between

total hip T-score and serum calcium.

Table 1 Baseline characteristics and laboratory findings of all patients categorized by osteopenia/osteoporosis

status at any skeletal site

Factors Normal Osteopenia ‘ Osteoporosis
N=25 N=68 N=96
Age (years) 64.7+14.9 56.6+14.4 62+15.4 68.7+13.5° <0.001
Sex (female) 152 (80.4) 13 (52) 52 (76.5)° 87 (90.6) <0.001
Height (cm) 154.1+8.6 163.4+7.4 155.8+7.6° 150.6+7.5" <0.001
Weight (kg) 57.4+13.8 73.3+18.8 58.1+10.6° 52.8+10.8% <0.001
Body mass index (kg/m?) 24.1+4.77 27.4+8.2 24+4.47° 23.4+4.21° <0.001
Diabetes (n/%) 77 (40.7) 12 (48) 23 (33.8) 42 (43.8) 0.324
CVD (n/%) 60 (31.8) 7(28) 15 (22.1) 38 (39.6) 0.054
Dyslipidemia (n/%) 178 (94.2) 25 (14) 61 (89.7) 92 (95.8) 0.105
Fracture (n/%) 17 (8.99) 0(0) 3(4.41) 14 (14.6)° 0.019
Parathyroidectomy (n/%) 17 (8.99) 4(16) 7(10.3) 6 (6.25) 0.283
CKD stages (n/%) 0.863
5 46 (24.3) 5 (20) 17 (25) 24 (25)
5D 143 (75.7) 20 (80) 51 (75) 72 (75)
Dialysis vintage (months) 45.3 (6.47-93.6) | 36.8 (12.3-98.1) 51.2 (1.5-111) 43.1 (3.23-88.8) 0.846
Medications
Steroids (n/%) 17 (8.99) 5(20) 4 (5.88)° 8(8.33) 0.103
PO, Binders (n/%) 0.309
Calcium (n/%) 110 (58.2) 14 (56) 40 (58.8) 56 (58.3)
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Table 1 Baseline characteristics and laboratory findings of all patients categorized by osteopenia/osteoporosis

status at any skeletal site (continued)

Factors Osts:z:ma Ostel\j)fgoéroms
Non-Calcium (n/%) 11 (5.82) 1(4) 7(10.3) 3(3.12)
Natural vitamin D (n/%) 60 (31.8) 9 (36) 16 (23.5) 35 (36.5) 0.191
Active vitamin D (n/%) 67 (35.5) 3(12) 21 (30.9) 43 (44.8)° 0.006
Calcimimetics (n/%) 14 (7.41) 2(8) 3(4.41) 9 (9.38) 0.486
Denosumab (n/%) 12 (6.35) 0 (0) 5 (7.35) 7(7.29) 0.377
NaHCO, (n/%) 160 (84.7) 22 (88) 56 (82.4) 82 (85.4) 0.765
PPI (n/%) 84 (44.4) 11 (44) 27 (39.7) 46 (47.9) 0.58
Laboratory data

Hemoglobin (g/dL) 10.6+1.48 10.7+1.89 10.6+1.44 10.7+1.41 0.89

MCV (Hm3) 86.6+10.4 88.6+9.05 84.9+10.4 87.3+10.7 0.21

TLC (cells) 1438+497 15974513 1419+463 1409+512 0.272
Platelets (cells x 10°) 223+70.3 234+65.1 219+62.1 223+76.9 0.645
MPV (um?®) 9.52+0.94 9.32+1.01 9.48+0.95 9.59+0.92 0.427
NLR 3(2.32-4.17) 3.45 (2.76-4.1) 2.81(2.26-4.18) 2.81(2.41-3.9) 0.311
PLR 9.85 (7.79-14) 11.5(7.99, 14.6) | 9.67 (7.54-12.6) | 9.89 (7.96-14.3) 0.463
Sodium (mmol/L) 138.9+2.94 139.4+2.38 139+2.27 138.9+3.46 0.557
Potassium (mmol/L) 4.52+0.52 4.54+0.58 4.48+0.54 4.54+0.5 0.776
Chloride (mmol/L) 101.3+4.57 100.3+4.64 101.4+4.28 101.5+4.76 0.517
Bicarbonate (mmol/L) 23+2.94 22.6+2.59 23.1+3.11 23+2.94 0.776
BUN (mg/dL) 50.1+15.9 52.6+£15.2 51.6+£15.8 48.3+16.2 0.324
Creatinine (mg/dL) 7.36+3.34 9.36+3.95 7.89+3.58 6.46+2.66 <0.001
Albumin (g¢/L) 34.1+4.06 33.6+2.26 34.5+4.02 34+4.46 0.565
Cholesterol (mg/dL) 169.9+43.5 172.6+38.5 166.9+46.2 171.3+43.2 0.794
Calcium (mg/dL) 9.82+0.85 9.77+0.88 10.1+0.89 9.67+0.77¢ 0.015
Phosphate (mg/dL) 4.6+1.21 4.85+1.31 4.83+1.16 4.37+1.18 0.034
PTH (pg/mL) 283 (137-621) 213 (129-539) 319 (136-654) 311 (152-605) 0.472
ALP (unit/L) 98.2 (72.3-132) 93 (65.8-107) 95 (71.5-124) 103 (78.3-160) 0.246
25-OH D (ng/mL) 28.8+16.5 25.8+7.04 24.8+6.75 31.2+20.1 0.293

°P<0.05, °P<0.01, “P<0.001 vs. normal °P<0.05, °P<0.01, P<0.001 vs. osteopenia; CVD, cardiovascular disease; PTX,
parathyroidectomy; CKD , chronic kidney disease; PO,, phosphate; NaHCO,, sodium bicarbonate; PPI, proton pump
inhibitors; MCV, mean corpuscular volume; TLC, total lymphocyte count; MPV, mean platelet volume; NLR, neutrophil:
lymphocyte ratio; PLR, platelet: lymphocyte ratio; BUN, blood urea nitrogen; Ca, calcium; PTH, parathyroid hormone;
ALP, alkaline phosphatase; 25-OH-D, 25 hydroxy vitamin D; BMD, bone mineral density
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Baseline biochemical data for the femoral neck are
presented in Supplementary Table 2 and Figure 2. Among
183 patients, 28 (15.3%) had normal BMD, 66 (36.0%)
had osteopenia, and 89 (48.6%) had osteoporosis.
Dyslipidemia emerged as a risk factor for reduced
femoral neck T-score, whereas parathyroidectomy (PTX)
was protective against osteoporosis. In contrast to the
total hip, the femoral neck T-score was not associated with
CKD stage. In addition to active vitamin D, calcium-based
phosphate binders were more frequently prescribed in the
osteoporosis group. No significant associations were found
between femoral neck T-score and hematologic indices.

Baseline demographic and laboratory data for the
lumbar spine are shown in Supplementary Table 3 and
Figure 2. Unlike the total hip and femoral neck, lumbar
spine T-score was not associated with age, CVD, or
dyslipidemia. Similar to the total hip, osteoporosis at
the lumbar spine was more frequent in CKD stage 5D.
Declining lumbar spine T-score was also associated with
lower total lymphocyte count (TLC) as well as higher
parathyroid hormone (PTH) and alkaline phosphatase
(ALP) levels.

Multivariate analysis of baseline factors
associated with bone mineral density

Variables with a P-value < 0.2 in the univariate
analysis were included in the multivariate model.
The use of calcium, natural and active vitamin D, and
calcimimetics was more common in the osteoporosis
group, likely reflecting treatment prescription; therefore,
these variables were excluded from the analysis. Serum

25-OH-D was also excluded due to a high proportion

of missing values (59%). Multivariate analyses were
conducted using stepwise regression with backward
elimination. The least significant variables were
sequentially removed until only those with P-values
<0.05 remained in the final model (Table 2).

Multivariate regression analyses identified several
factors associated with BMD and T-scores. Female sex
and lower BMI were consistently associated with reduced
BMD and T-scores across all skeletal sites. Older age
was associated with lower BMD and T-scores at all sites,
except the lumbar spine. At the total hip, reduced BMD
and T-scores were associated with CKD stage 5D and
elevated ALP levels. Lower total hip BMD was also related
to a history of fracture and higher MCV. At the lumbar
spine, reduced BMD and T-scores were associated with a
history of fracture, lower TLC, and lower serum calcium.
Lower lumbar spine T-scores were also associated with
higher ALP levels.

Multivariate logistic regression analyses demonstrated
that female sex was an independent predictor of
osteoporosis at all skeletal sites. Age was an independent
predictor of osteoporosis at all sites except the lumbar
spine. Higher BMI was protective against osteoporosis at
any site and at the femoral neck. At the total hip, CKD
stage 5D was associated with osteoporosis, while higher
ALP and lower platelet counts also emerged as significant
predictors. At the femoral neck, CVD and lower serum
calcium were independently associated with an increased
risk of osteoporosis. At the lumbar spine, osteoporosis
was associated with a history of fracture, CKD stage 5D,

lower TLC, and reduced serum calcium.
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Bone Mineral Density and all-cause mortality  age, CVD, history of fracture, and higher neutrophil-to-

The median follow-up time was 51.2 months  lymphocyte ratio (NLR) were positively associated with
(interquartile range: 33.4-75.6). During this period, 93  mortality. In contrast, a history of parathyroidectomy,
patients (49.2%) died. Univariate Cox proportional hazards  as well as higher serum bicarbonate, creatinine, albumin,
regression analyses of baseline factors associated with  phosphate, and PTH levels, were negatively associated

all-cause mortality are presented in Table 3. Older  with mortality.

Table 3 Univariate Cox proportional hazards regression analysis of baseline factors for all-cause mortality

Variables HR (95% ClI) Variables HR (95% ClI)

Age (years) 1.04 (1.03, 1.06) <0.001 |Laboratory data
Female sex 0.91 (0.55, 1.51) 0.721  |Hemoglobin 0.99 (0.87, 1.15) 0.963
BMI 0.97 (0.93, 1.02) 0.212 MCV (x10) 0.92(0.75, 1.12) 0.394
Diabetes 1.51 (1, 2.29) 0.049 | TLC (x 100) 0.98 (0.94, 1.03) 0.476
Cardiovascular disease 1.74 (1.14, 2.65) 0.01 Platelets (x 10°) 0.81 (0.72, 1.35) 0.936
Dyslipidemia 2 (0.63, 6.33) 0.237 MPV 1.08 (0.86, 1.36) 0.496
Fracture 1.85 (1.04, 3.27) 0.035 NLR 1.07 (1.02, 1.12) 0.009
Parathyroidectomy 0.41 (0.22, 0.77) 0.006 |PLR 1.01 (0.99, 1.03) 0.293
CKD stage 5D 0.78 (0.5, 1.22) 0.276 Sodium 0.94 (0.87, 1.01) 0.098
Dialysis vintage (years) 0.99 (0.97, 1.03) 0.935 | Potassium 0.71(0.47, 1.08) 0.11
Medications Chloride 1.01 (0.97, 1.05) 0.696
Steroids 1.1 (0.53, 2.27) 0.807 |Bicarbonate 0.93 (0.87, 1) 0.05
Phosphate Binders 0.97 (0.64, 1.48) 0.886 BUN 0.99 (0.98, 1.01) 0.629

Calcium 0.99 (0.64, 1.53) 0.971 Creatinine 0.93 (0.87, 0.99) 0.029

Non-Calcium 1.2 (0.5, 2.87) 0.679 | Albumin 0.94 (0.89, 0.99) 0.024
Natural vitamin D 1.32 (0.86, 2.03) 0.205 |Cholesterol 0.99 (0.99, 1) 0.055
Active vitamin D 0.84 (0.54, 1.29) 0.421 |Calcium 0.85(0.67, 1.09) 0.209
Calcimimetics 0.87 (0.35, 2.15) 0.767 | Phosphate 0.83 (0.69, 0.98) 0.03
Denosumab 1.04 (0.48, 2.25) 0.916 | PTH (x 100 pg/mL) 0.95(0.91, 0.99) 0.014
Sodium bicarbonate 0.88 (0.51, 1.51) 0.644 [ ALP (x100 U/L) 0.84 (0.69, 1.02) 0.08
Proton pump inhibitors 1.41(0.94, 2.12) 0.099 | 25-hydroxy vitamin D 1(0.98, 1.02) 0.862

HR, hazard ratio; Cl, confidence interval; CKD, chronic kidney disease; MCV, mean corpuscular volume; TLC, total
lymphocyte count; MPV, mean platelet volume; NLR, neutrophil: lymphocyte ratio; PLR, platelet: lymphocyte ratio;
BUN, blood urea nitrogen; PTH, parathyroid hormone; ALP, alkaline phosphatase
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Univariate Cox proportional hazards regression
analyses of BMD, T-score, and osteoporosis in relation
to all-cause mortality are shown in Table 4. The Kaplan-

Meier survival curves comparing osteoporosis and non-

osteoporosis groups are presented in Figure 3. Lower BMD
and T-scores at the total hip and femoral neck were signifi-
cantly associated with higher mortality risk. Osteoporosis at

all skeletal sites was associated with increased mortality.

Table 4 Univariate Cox proportional hazards regression analysis of bone mineral density for all-cause mortality

Any site Total hip Femoral neck Lumbar spine
Parameters HR HR HR HR
(95%Cl) (95%Cl) (95%ClI) (95%Cl)
0.17 0.16 0.5
BMD ) ) (0.04, 0.66) 0011 (0.03, 0.78) 0.024 (0.16, 1.59) 0.239
0.87 0.79 0.82 0.92
T-score 074,102 | "%V | (067,093 | %99 | (069,098 | “9%° | (08, 105 | %2
Osteoporosis 1.83 1.65 1.8 1.71
(vs. No osteoporosis) (1.28, 2.79) LS (1.05, 2.58) 0.029 (1.18, 2.75) oo (1.09, 2.7) R
HR, hazard ratio; Cl, confidence interval; BMD, bone mineral density
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Figure 3 Kaplan—-Meier survival analysis comparing osteoporosis and non-osteoporosis groups. a) Any site; b)

Total hip; ¢) Femoral neck; d) Lumbar spine
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Multivariate Cox proportional hazards regression
analyses were conducted using stepwise regression with
backward elimination. Variables with a P-value < 0.1 in the
univariate analyses were included, and the least significant
variables were sequentially removed until only those
with P-values < 0.05 remained in the final model (Table 5).
Age was excluded because its strong association with the

outcome rendered the other variables non-significant.

Across all skeletal sites, only NLR and PTH remained
in the final model, with higher NLR and lower PTH
levels emerging as independent predictors of all-cause
mortality. In addition, reduced BMD and T-scores at
the total hip, reduced BMD at the femoral neck, and
osteoporosis at all sites except the total hip were also

independent predictors of all-cause mortality.

Table 5 Multivariate Cox proportional hazards regression analysis of bone mineral density for all-cause mortality

Any site Total hip Femoral neck Lumbar spine
Parameters HR HR HR HR
(95%ClI) (95%Cl) (95%Cl) (95%Cl)
BMD
1.1 1.09 1.08
NLR - - 0.007 0.008 0.042
(1.03, 1.17) (1.02,1.17) (1, 1.15)
0.95 0.95 0.95
PTH (x 100 L - - 0.022 0.026 0.01
(100 pg/mL) (0.91, 0.99) (0.92, 0.99) (0.91, 0.99)
1 1 .
BMD - - 0.18 0.026 0.18 0.048 0.38 0.137
(0.04, 0.82) (0.03, 0.98) (0.1,1.36)
T-score
NLR 1.08 0.026 L1 0.007 L1 0.008 1.08 0.042
(1.01, 1.16) ' (1.03, 1.17) ' (1.02,1.17) ’ (1, 1.15) ’
PTH 0.94 0,006 0.95 0,022 0.95 0,006 0.95 ol
(x 100 pg/mL) (0.9, 0.98) (0.91, 0.99) (0.92, 0.99) (0.91, 0.89)
T-Score 087 0.117 08 0.016 084 0.056 089 0.128
(0.73, 1.03) ' (0.67, 0.96) ' 0.7, 1) ' (0.76, 1.04) ’
Osteoporosis
1.09 1.1 1.1 1.07
NLR 0.019 0.007 0.006 0.048
(1.01, 1.16) (1.03, 1.18) (1.03, 1.17) (1, 1.15)
PTH 0.94 0.95 0.96 0.94
0.006 0.025 0.031 0.009
(x 100 pg/mL) (0.9, 0.98) (0.91, 0.99) (0.92, 0.99) (0.9, 0.99)
i 1.7 1. 1.7 1.82
Osteoporosis ’ 0.014 6 0.064 > 0.022 8 0.017
(vs. No osteoporosis) (1.13, 2.85) (0.97, 2.65) (1.08, 2.76) (1.11, 2.99)

Multivariate analyses were performed by backward elimination. Variables with a p-value < 0.1 from Table 3 excluding

age were entered into the model, and only those with a P-value < 0.05 were retained in the final model.

Variables included were diabetes, cardiovascular disease, parathyroidectomy, proton pump inhibitor, neutrophil-to-

lymphocyte ratio, serum sodium, bicarbonate, creatinine, albumin, cholesterol, phosphate, parathyroid hormone,

and alkaline phosphatase

HR, hazard ratio; Cl, confidence interval; NLR, neutrophil-to-lymphocyte ratio; PTH, parathyroid hormone
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Discussion

This study assessed BMD at the total hip, femoral neck,
and lumbar spine in patients with CKD stages 5-5D. Lower
BMD and osteoporosis were associated with traditional
risk factors, including older age, lower BMI, and female
sex. Biochemical abnormalities, such as reduced serum
calcium and elevated ALP, reduced TLC and platelet
count, as well as increased MCV, were associated with
lower BMD and osteoporosis. Patients with CKD stage 5D
demonstrated greater BMD loss compared with those in
stage 5. Importantly, reduced BMD across all skeletal sites
independently predicted all-cause mortality.

The associations between lower BMD and osteoporosis
with aging, lower BMI, and female sex have been well
established in both the general and dialysis populations'™",
and the present study confirms these findings. The link
between lower serum calcium and higher ALP with
reduced BMD and osteoporosis likely reflects inadequate
calcium storage. A previous study on the effects of
different dialysate calcium concentrations (1.25 mmol/L
vs. 1.75 mmol/L) on BMD changes reported lower serum
calcium levels in association with increased PTH and ALP
in the low-dialysate calcium group, with a more significant
reduction in BMD over two years'. Similarly, a recent
small study found that lower serum corrected calcium
was associated with an increased risk of asymptomatic
vertebral fractures®”. Other studies have also reported
that calcium-based phosphate binders help reduce BMD
loss and lower osteoporosis risk'*"".

Although this study found an association between
lower BMD and elevated ALP, the relationship with PTH
was suggested only at the lumbar spine. In advanced CKD
and dialysis patients, PTH levels appear to have a weaker
association with bone health than ALP*. Similarly, a study
on osteoporosis in pre-dialysis CKD found that higher
bone ALP levels were associated with osteoporosis, while
increased PTH levels had a protective effect”’. These
findings suggest that ALP may better reflect bone
changes than PTH. Moreover, other CKD-related factors
can influence PTH independently of bone metabolism.
For instance, decreased serum phosphate and the use

of active vitamin D supplements can directly suppress

221 1n advanced CKD, reductions in serum

PTH secretion
phosphate and PTH often indicate malnutrition®, which
is also linked to sarcopenia, reduced BMD, and osteo-
porosis™*?. This study further supports the connection
between malnutrition and osteoporosis, as evidenced
by the association of lower serum creatinine and
phosphate with reduced BMD and osteoporosis.

Lower BMD and a higher prevalence of osteoporosis
at the total hip and lumbar spine were observed in CKD
stage 5D compared with stage 5. Prior research in CKD
stages 2-4 has shown that declining kidney function is
linked to lower BMD and higher osteoporosis risk™.
A systematic review and meta-analysis on osteoporosis
prevalence in CKD found that dialysis patients had lower
BMD compared to non-dialysis CKD patients, particularly
at cortical bone sites®. These findings confirm significant
bone loss in dialysis patients. In addition to alterations in
serum calcium, phosphate, and PTH, other factors, such
as the accumulation of uremic toxins and inhibitors of
the Wnt signaling pathway, metabolic acidosis, and
yet unidentified factors, likely contribute to bone
deterioration in dialysis patients’.

This study also found that increased MCV was
associated with lower BMD at the total hip, consistent with
previous reports”’. It has been suggested that elevated
MCV, as a marker of bone marrow microenvironment
injury or ineffective hematopoiesis, may reflect reduced
hematopoietic stem cell stimulation by osteoblasts in
dialysis patients”. Additionally, increased MCV is linked
to nutritional deficiencies, particularly folate and
vitamin B12, which are common in dialysis patients. Recent
studies have suggested a connection between reduced
circulating folate/vitamin B12 levels and decreased BMD/
bone strength in postmenopausal women®,

The associations between decreased TLC and platelet
count with osteoporosis are likely related to nutritional

31 The association

deficiencies and inflammation
between reduced platelet count and osteoporosis has
not been widely investigated. Micronutrients, folate, and
B12 deficiencies can lead to reduced lymphocyte and
platelet production®. In this study, the high prevalence

of osteoporosis in CKD stage 5D raises the possibility
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that lower platelet counts may also be influenced by
dialysis-related factors such as membrane effects, heparin
use, and mechanical stress.

In univariate analyses, decreased BMD, lower T-scores,
and osteoporosis at all skeletal sites were associated
with increased all-cause mortality. Additional baseline
parameters that predicted higher mortality included
older age, diabetes, CVD, history of fracture, elevated
NLR, and lower levels of serum bicarbonate, creatinine,
albumin, phosphate, and PTH, reflecting the impact of
inflammation and impaired nutrition on adverse

outcomes?*?

. In contrast, a history of PTX was
protective against mortality. Previous studies have
consistently demonstrated improved outcomes after
PTX in dialysis patients, attributed to enhanced bone
mass, quality of life, and nutritional status®”. These
findings underscore the importance of addressing
malnutrition and inflammation to achieve better
outcomes.

In the multivariate model, reduced BMD, lower T-scores,
and osteoporosis at all skeletal sites remained significant
predictors of all-cause mortality. Increased NLR and
lower PTH levels were the only other independent
predictors. The association between lower PTH levels
and poor outcomes was likely related to impaired
nutrition” A prior study that examined BMD at the
femoral neck, lumbar spine, arm, head, pelvis, and
total body in dialysis patients reported an association
only between decreased femoral neck BMD and
all-cause mortality'' Other studies have shown an
association only between decreased forearm BMD and

increased mortality'®*

. These discrepancies are likely
attributable to differences in study populations.
Moreover, beyond metabolic derangements, the
decline in BMD in CKD stages 5-5D may also reflect
systemic conditions such as heightened inflammation
and nutritional impairment, which contribute to adverse
outcomes.

This study had some limitations. The indications for
the BMD test are lacking, which could lead to selection
bias. The absence of cardiovascular event data prevented

the evaluation of the association between reduced

BMD and cardiovascular outcomes. Prior studies have
established links between reduced BMD, increased
vascular calcification, and possibly worse cardiovascular
outcomes’*. Additionally, a lack of forearm BMD data
prevents its analysis in relation to mortality.

In conclusion, lower BMD in CKD stages 5-5D was
linked to traditional risk factors, insufficient calcium
storage, elevated bone turnover, inflammation, and
nutritional deficiencies. Reduced BMD and osteoporosis
were independently predictive of all-cause mortality.
Thus, optimizing bone health in advanced CKD requires
addressing not only mineral metabolism but also systemic

inflammation and nutritional status.
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Hemodialysis Patients
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Abstract

Background: Fluid overload is common in maintenance hemodialysis (MHD) patients and is associated with
adverse cardiovascular events and mortality. Conventional clinical methods for fluid assessment have limited
accuracy. This study evaluated the effectiveness of bioelectrical impedance analysis (BIA) for the fluid evaluation in
MHD patients.

Methods: A prospective interventional study was conducted in 34 clinically stable MHD patients at Ranong
Hospital from June to August 2025. Fluid status was assessed monthly using BIA, combined with standard of care,
and dry body weight was adjusted accordingly. The outcomes were the change in fluid status, expressed as target
average fluid overload (TAFO), dialysis-related complications, and blood pressure control before and after BIA-guided
management.

Results: At baseline, 67.6% of patients were fluid overloaded, 20.6% were normovolemic, and 11.8% were
dehydrated. In the overloaded group, mean TAFO significantly decreased from 3.4 + 2.8 L to 2.1 + 2.8 L at 3 months
(p = 0.001). Dehydrated patients shifted toward normovolemia, while normovolemic patients remained stable.
Dialysis-related complications, including intradialytic hypotension and hypertension, symptoms of cramps and
fatigue, improved significantly in the overload group. The mean number of antihypertensive drug classes was also
substantially reduced.

Conclusions: BlA-guided fluid management improved fluid control in MHD patients, resulting in reduced
dialysis-related complications and fewer anti-hypertensive drug classes. These findings support integrating BIA into

standard clinical practice for individualized volume management, particularly in patients with fluid overload.

Keywords: volume overload; CHF; dialysis; kidney failure; ESKD; ESRD; heart failure

Corresponding author: Nichanone Kanjanasuphak @ @@@
BY NC ND

Email: nichanone@outlook.com
All material is licensed under terms of
the Creative Commons Attribution 4.0

Received: 14 October 2025; Revised: 14 January 2026; Accepted: 24 January 2026 Interational (CC-BY -NC-ND 4.0)
https.//doi.org/10.63555/jnst.2026.283000 fcetie unless athervise siated

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2026; 32(1): 55-63

55



56

nsusg ﬂﬂﬁﬂﬁﬂﬁﬂﬂﬂ%ﬂﬂﬁﬁLﬂ'swvw
mﬂﬂsuﬂamwmﬂmﬂlwwwtwaﬂsumumau
msuﬂumﬂ’mwanmammmmaﬂmmw

vt negyaugsia

el ununegsnTIu lsaneIuIaszued

UNANED

uni: amwiiAuduiiyminuvesludvaelsaladedissranieildsunsendendiseioslaiion Jaduiusi
amzunsndeusuilauasvandonuaziiusnamadsdin maussdiuanahie imnenatindnuuug st wiedinse
29AUsENOUTINEmMelNH (Bioelectrical Impedance Analysis; BIA) ?jagﬂﬁmﬂsﬁlﬂulﬁ%mﬁaLa'%aJLﬁaiJizLﬁumwmﬁfﬂ
wasUsutminus sddeliiingussasdifleAnwusyavsuarensld BIA Tunismuguannaasihlugiheenidon
sufudside: msfnvidmeasdluiramiluiielselndessreraaiefildsunmenientiionnsasiidn 34 1
o lssmeuiasrues suusifeudiguisufiviamen wa. 2568 lnevhnsussiliuansinde BIA Weuas 1 ade mugifuuumns
UitRlunsusuaunaasilfedluinasinasgu iefinuwnaufsuslamesaugaansi nsunsndeusyarinenisenidon
uazanudulafineuazndnsliiaies BIA

nans3de: sfnuinunudiie 38 519 nduinAudesas 67.6, nquaunaaniunAosar 20.6 wagnguYIA
Yovar 11.8 Usinaasiedsluiunisvesitienduinifuanasosalitoddyain 3.4:2.8 Ans widle 2.1+2.8 A3 1 3 Fou
(p = 0.001) Vimnmuasinedslusmelunguuaihiinsuiudngnnzdnd waenquansiiundfinnuasd azunsndeu
szarinavlanidenanas 1wy Anudui Armiuge warenangaTIiity Suusiastanauduiildanasedtediody
(2.7+1.6 Wde 2.1+1.7; p = 0.036)

aguU: M3y BIA dhevSuaunaasthludtisrendondeiedodaifioulfesediussaninm wieutiannmzunsndeuuay
yiinvadeIanAURUlain mamiﬁﬂmﬁaﬁumumiﬂm%a BIA snysanmslunsuiaunsgu densdanisusanauh

wuuiamese laglanglugdieninneydiiy

v
o [9 °

ANAALY:

o

wwihuden; ke, wenls; a1ale; lene; lenessezgaving

Introduction

Fluid overload is common, occurring in 30-43% “*
of patients with end-stage kidney disease (ESKD)
undergoing hemodialysis (HD), and is associated with
adverse health outcomes such as hypertension, left
ventricular hypertrophy, malnutrition, systemic

inflammation, and increased mortality.”* Conversely,

hypovolemia in hemodialysis patients may result in
complications including intradialytic hypotension,
vascular access thrombosis, muscle cramps, fatigue,
reduced urine output, and increased mortality.’
Therefore, the assessment and control of fluid balance

are important in this patient group.

JUserususIaIne: dvidis nig/ugan
disa: nichanone@outlook.com

SuunAI: 14 9arAu 2568; Usuugaunily: 14 unsinu 2569; SUATUN: 24 unsIAU 2569

©9229

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

license unless otherwise stated.

J Nephrol Soc Thail 2026; 32(1): 55-63

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



Original Article J NST

Currently, most dialysis centers evaluate fluid status
based on clinical symptoms, physical signs, and blood
pressure measurements. However, these methods have
low sensitivity and specificity, leading to limited accuracy.
Thus, tools that accurately measure body fluid volume
are necessary.

According to the Kidney Disease: Improving Global
Outcomes (KDIGO) 2020 guidelines,” the evaluation of
fluid status should be based on history taking, physical
examination, and blood pressure measurement. However,
more precise tools such as Bioimpedance Analysis (BIA)
and extracellular volume measurement (NaBr) can be
used as adjuncts. Among these, BIA offers advantages
in convenience, rapidity, and accuracy.®’” Nevertheless,
BIA is not yet widely used in clinical practice due to
its high cost and limited accessibility. The 2022 Thai
Hemodialysis Clinical Practice Guidelines recommend
regular reassessment of dry weight accuracy, suggesting
clinical evaluation along with adjunctive tools such as
BIA or lung ultrasound in patients with hypertension,
and BIA or inferior vena cava diameter measurement
in patients with intradialytic hypotension.’

Therefore, this study aims to compare the outcomes of
fluid assessment using standard methods (history taking,
physical examination, and blood pressure measurement)
alone versus standard methods combined with BIA in
hemodialysis patients at Ranong Hospital Dialysis Center,
to evaluate the effectiveness of BIA as an adjunct tool

for fluid balance management in HD patients.

Materials and methods

Study Design and Population

This prospective study was conducted at the HD
center of Ranong Hospital, Thailand, between June
and August 2025. Thirty-four adult (age > 18 years)
ESKD patients undergoing maintenance HD for at least
3 months were enrolled. Exclusion criteria included:
(1) severe intradialytic blood pressure instability, defined
as intradialytic hypotension requiring any inotropic drug
or hypertension with target organ damage within the
preceding month; (2) major limb amputation; (3) pregnancy

or breastfeeding; (4) the presence of a pacemaker or

metallic device within the body. Ethical approval was
obtained from the local ethics committee, and all
participants provided written informed consent.

All patients underwent a standard 4-hour HD session.
The patients received dialysis twice or three times weekly,
depending on their residual kidney function, dialysis
adequacy, and clinical symptoms. Pre- and post-dialysis
body weight and blood pressure were recorded at each
session. Standard laboratory parameters were obtained
monthly. Intradialytic symptoms (e.g., hypotension,
cramps, fatigue) were documented.

Outcomes

The primary outcome is the change in the proportion
of HD patients with fluid overload who achieve normal
fluid status before and after the use of BIA. Secondary
outcomes include changes in blood pressure control,
the number of antihypertensive medications, and
dialysis-related complications. These complications
include intradialytic hypotension, defined as a decrease
in systolic blood pressure of 220 mmHg or a decrease
in mean arterial pressure of >10 mmHg accompanied
by symptoms or requiring intervention,” intradialytic
hypertension,” defined as an increase in systolic blood
pressure of >10 mmHg from pre- to post-dialysis, as well
as symptoms of muscle cramps and fatigue, assessed
before and after the use of BIA”

BIA and adjustment of dry body weight

Fluid status was assessed monthly using a
bioimpedance spectroscopy device (Body Composition
Monitor [BCM]; Fresenius Medical Care, Germany).
Measurements were performed pre-dialysis with the
patient in a supine position. Data quality was verified
using the Cole plot; results were recorded only if the
curve was continuous and symmetric, and the quality
factor (Q) was> 85%.

In BIA, targeted absolute fluid overload (TAFO)
represents the absolute difference (in liters) between
a patient’s measured extracellular fluid volume and
the predicted “normal” fluid volume for that individual
(based on body composition). Positive values indicate
fluid excess, and negative values indicate fluid deficit.

Because fluid accumulation varies across interdialytic
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intervals, weekly TAFO 'was used to standardize the
assessment. TAFO was calculated as the mean of
pre- and post-dialysis fluid overload values measured
within a week. For the thrice-weekly schedule, TAFO was
the average of three pre-dialysis and three post-dialysis

values. For the twice-weekly schedule, TAFO was

calculated as the average of two pre-dialysis and two
post-dialysis values. The target TAFO in this study was
0.5 L, based on large-scale data from Fresenius
NephroCare centers,” with an acceptable tolerance
range of+0.75 L.

Two approaches for calculation have been described:

Thrice-weekly schedule: The average of three predialysis (FOpre) and three postdialysis
(FOpost) values measured within the same week:

FOprel + FOpre2 + FOpre3 + FOpost1 + FOpost2 + FOpost3

Average weekly TAFO =

6

Twice-weekly schedule: The average of two predialysis and two postdialysis values:

FOprel + FOpre2 + FOpost1 + FOpost2

Average weekly TAFO =

The dry body weight was reassessed monthly.
Adjustments were made by modifying ultrafiltration
targets, with changes of approximately 0.5 kg per
week. Patients were categorized as fluid overload
(TAFO >+1.25 L), normovolemia (TAFO between —0.25 L
and +1.25 L), and dehydration (TAFO < -0.25 L)

Statistical Analysis

Data were analyzed using STATA version 14.2
(StataCorp, TX, USA). Continuous variables were summarized
as the mean + standard deviation (SD) or median (range)
as appropriate. Categorical variables were expressed
as frequencies and percentages. Changes in TAFO over

time were analyzed using paired t-tests. Correlations

4

between TAFO and clinical parameters were assessed
using mixed-effects regression models. A p-value <0.05

was considered statistically significant.

Results

Baseline characteristics of all patients

The study flow diagram is shown in Figure 1. Of 39
patients screened, 5 were excluded: two with limb
amputation, one with a pacemaker, one with unstable
blood pressure, and one planning transfer to another
dialysis center. A total of 34 patients were included in

the final analysis.

Patients assessed for
eligibility (n=39)

\/

Patients entering the study

Exclude (n=5)

- Amputee (n=2)

« Blood pressure instability (n=1)

v « On pacemaker (n=1)

« Planned transfer to another dialysis facility

(n=34)

A\

Analysis (n=34)

Figure 1 Study Flow Diagram
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Baseline characteristics and laboratory data of all
patients are shown in Table 1. Hemodialysis frequency
was evenly distributed between 2 and 3 sessions per
week. The average estimated dry weight at baseline
was 57.2+11.5 kg, compared with 56.0+12.6 kg after BIA,
yielding a mean difference of 1.2+3.6 kg. At baseline,
23 (67.6%) patients had fluid overload, 7 (20.6%)
patients were normovolemic, and 4 (11.8%) patients
had dehydration.

Table 1 Baseline characteristics, laboratory data, and fluid

status of all patients

Parameters ‘ Statistics

Age (years); median (min, max) 65 (22, 89)
Gender; n (%)

Male 18 (52.9)

Female 16 (47.1)
Body Weight (kg); mean+SD 59.1+£12.2
Height (cm); mean+SD 159.5+9.3
Body Mass Index (kg/m?); mean+SD 23.2+4.3
Underlying diseases; n (%)

Diabetes mellitus 19 (55.9)

Hypertension 32 (94.1)

Coronary artery disease 7(20.6)

Stroke 4(11.8)
Dialysis vintage (months); 36 (7, 294)
median (min, max)
Residual kidney function (ml); 448.3+305.2
mean + SD
Types of vascular access; n (%)

Tunnel cuffed catheter 4(11.8)

Arteriovenous fistula 27 (79.4)

Arteriovenous Graft 2(5.9)

Double-lumen catheter 1(2.9)
Dialysis frequency; n (%)

Twice weekly 17 (50.0)

Thrice weekly 17 (50.0)
Medications

Antihypertensive drugs 30 (88.2)

Erythropoietin dose (unit/week); 5878 (1000,

median (min, max) 36000)

Table 1 Baseline characteristics, laboratory data, and fluid

status of all patients (continued)

Parameters Statistics

Laboratory data
Hematocrit (%); mean + SD 30.2+3.9
Albumin (g/dl); mean + SD 3.3+0.4
Blood pressure (mmHg); mean+SD
Systolic blood pressure 145.1+23.0
Diastolic blood pressure 75.6+£14.9
Home blood pressure monitoring| 147.6+155
(mmHg); mean+SD 77.1+10.9
Systolic blood pressure
Diastolic blood pressure
Estimated dry weight before BIA (Kg);| 57.2+11.5
mean=SD
Initial dry weight by BIA (Kg); mean + SD| 56.0+12.6
Difference in dry weight (Kg); mean +SD|  1.2+3.6
Pre-dialytic weight (kg); mean+SD 59.5+12.3
Fluid status defined by TAFO (kg);| 3.2 (-0.3, 14.6)
median (min, max)
Initial TAFO group; n (%)
Dehydrated status (< -0.25 L) 4(11.8)
Nomovolemic status (-0.25 to 1.25 L) 7 (20.6)
Overloaded status (> 1.25 L) 23 (67.6)

BIA, bioimpedance analysis; TAFO, targeted absolute fluid

overload

Changes in TAFO fluid status

Changes in TAFO from baseline during the study
period are summarized in Tables 2, Figure 2, and Figure 3.
In the overload group, TAFO significantly decreased from
3.4+2.8 L at baseline to 2.4+2.3 L at 1 month (p = 0.001),
2.1£2.4 L at 2 months (p = 0.002), and 2.1+2.8 L at 3
months (p = 0.001). The downward trend demonstrated
effective reduction of fluid overload, with a marked
decline during the first two months and stabilization
thereafter. The box plot confirmed not only a reduction
in median TAFO but also a narrower interquartile range
and fewer extreme outliers, indicating more uniform fluid

control.
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In the dehydration group, TAFO increased from
-1.5£0.6 L at baseline to 1.0£1.3 L at 1 month
(p =0.052),0.3+£0.4 L at 2 months (p = 0.008), and 0.5+1.1
L at 3 months (p = 0.030). These findings suggest that
BIA-guided adjustment improved hypovolemia towards
normovolemia, with variability decreasing over time. In

the normovolemia group, TAFO remained stable

Table 2 Changes in TAFO status from baseline

throughout follow-up (0.4+0.3 L at baseline, 1.0+0.7
L at 1 month, 0.8+0.5 L at 2 months, and 0.7+0.9 L at
3 months; all p > 0.05). Both line and box plots
showed consistently narrow interquartile ranges
within the normal zone, confirming that BIA-guided

management maintained fluid stability.

TAFO group
Baseline 1 month 2 months 3 months
Dehydration -1.5+0.6 1.0£1.3 0.052 0.3+0.4 0.008 0.5+1.1 0.030
Normovolemia 0.4+0.3 1.0£0.7 0.059 0.8+0.5 0.124 0.7+0.9 0.441
Overload 3.4+2.8 2.0+2.3 0.001 2.1+2.4 0.002 2.1+2.8 0.001

TAFO, targeted absolute fluid overload

1
Baseline

T
1

Time (morth)

T
2

—e—— Overloaded status

——=e—— Dehydrated status ——e—— Nomovolemic status

Figure 2 Changes in TAFO status from baseline during the study period

TAFO, targeted absolute fluid overload

154 ° °
° °
10+
°
o
=7 A e
0- %I = Iil = H = % %I ? %
=
-5
T T T T T T T T T T T T
Baseline 1 2 3 Baseline 1 2 3 Baseline 1 2 3
Dehydrated status Nomovolemic status Overloaded status

Figure 3 Box plot graphs of the changes in TAFO status from baseline

TAFO, targeted absolute fluid overload
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Dialysis-related complications

Table 3 presents dialysis-related complications in
the overload group during the study period. Intradialytic
hypotension occurred in 21.7% of patients, with
the mean number of episodes decreasing from 10.2+9.3
to 4.2+4.5. Intradialytic hypertension was reported in
34.8%, with a reduction in mean episodes from 8.1+6.6
to 3.6£5.1. Other complications included cramp (21.7%),
fatigue (17.4%), and volume overload (13.0%, all of which
showed improvement after BIA-guided management.
Hospitalization occurred in 21.7% of patients due to other
conditions such as gastrointestinal bleeding, ischemic

heart disease, cellulitis, diabetic foot, and septic arthritis.

Table 3 Dialysis-related adverse events in the overload
group (N=23)

Intradialytic hypotension; n (%) 5(21.7)
Before the study (episodes); mean £ SD| 10.2+9.3
End of the study (episodes); mean + SD 4.2+4.5

Intradialytic hypertension; n (%) 8 (34.8)
Before the study (episodes); mean + SD 8.1+6.6
End of the study (episodes), mean + SD|  3.6+5.1

Cramps; n (%) 5(21.7)
Before the study (episodes); mean + SD 22+1.8
End of the study (episodes), mean + SD|  1.6+0.5

Fatigue; n (%) 4(17.4)
Before the study (episodes); mean + SD|  2.0+1.8
End of the study (episodes); mean + SD 1.0+0.0

Volume overload; n (%) 3(13.0)
Before the study (episodes), mean £ SD| 1.7 (0.6)
End of the study (episodes); mean + SD| 1.3 (0.6)

Hospitalization; n (%) 5(21.7)

Residual kidney function (ml); mean + SD
Before the study (n = 15); mean + SD | 313.3+233.4
End of the study (n = 12); mean + SD | 331.67+257.5

Other complications; n (%)

Arteriovenous fistula malfunction 1(4.4)

The average number of antihypertensive drug classes
was significantly reduced after BIA (2.7+1.6 vs. 2.1+1.7;
p = 0.036). A decline in the number of pills from baseline
was also observed, but the difference did not reach
statistical significance (4.7+4.0 vs. 4.0+4.8; p = 0.127)
(Table 4). There was no significant association between
TAFO with systolic blood pressure (P=0.87), while a
positive correlation was observed with diastolic blood
pressure (Coefficient 0.03; 95% Cl, 0.001 to 0.05;
p = 0.004). (Figure 4).

Table 4 Antihypertensive drugs in the overload group
(n=23)

Antihypertensive drugs | Before | After |p-value
Number of drug classes; 27+1.6|2.1+1.7| 0.036
mean + SD
Number of pills (tablets or | 4.7+4.0 | 4.0+4.8 | 0.127
capsules); mean + SD

154 e
10 -
o 5-
=
04
-5
1 1 1 1 1
40 60 80 100 120
BP diastolic
—— Fitted values ® TAFO

Figure 4 Correlation between targeted absolute fluid

overload (TAFO) and diastolic blood pressure

Discussion

This prospective interventional study evaluated
the effectiveness of BIA in combination with standard
clinical practice for fluid management in maintenance HD
patients. The main findings were that BIA improved fluid

balance by reducing overload, correcting hypovolemia,
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and maintaining normovolemia; reduced dialysis-related
complications; and decreased the number of antihyper-
tensive drug classes.

The present study shows that TAFO decreased in the
overload group, decreased in the dehydration group,
and remained stable in the normovolemia group. These
findings are consistent with previous reports supporting
the role of BIA in guiding dry weight assessment and
fluid management in HD patients. The previous study
demonstrated that BlA-guided management led to
a reduction in TAFO by -1.20 + 1.32 L (p < 0.01) in
fluid-overloaded patients, stability in normovolemic
patients (p = 0.59), and an increase of 0.59+0.76 L
(p = 0.02) in dehydrated patients.'

In addition, BIA was associated with reductions in
dialysis-related complications in the overloaded group.
Regarding blood pressure, we found that diastolic blood
pressure was positively correlated with TAFO, although a
similar association was not observed with systolic blood
pressure. Notably, the mean number of antihypertensive
drug classes was significantly reduced after BIA
implementation. Our findings differ from previous studies
that showed significant correlations between changes in
fluid status and blood pressure.' *'° Every 1 L change in
TAFO resulted in a 9.9 mmHg change in systolic blood
pressure,’ while the DRIP trial found a —-6.6 mmHg
reduction in systolic pressure per kg of post-dialysis
weight reduction.” While the present study did not
assess left ventricular mass index (LVMI), due to
the relatively short follow-up duration, another study
demonstrated an improvement in LVMI with BIA-guided
fluid management.™!

The findings support recommendations from KDIGO
(2020)° and the Thai Hemodialysis Clinical Practice
Guideline (2022).° Both of which advocate the integration
of adjunctive tools such as BIA for reassessment of
dry weight, particularly in patients with uncontrolled
hypertension or intradialytic blood pressure instability.
While BIA is not yet widely used due to financial and
logistical constraints, this study adds local evidence
that its use is feasible and clinically beneficial in an
HD unit.

The strengths of this study included its prospective
design, systematic evaluation across different volume
status groups, and integration of both clinical and
pharmacological outcomes. Limitations include the
lack of a control group, a relatively small sample size,
a single-center design, and a short follow-up period,
which precluded evaluation of long-term outcomes. The
absence of a control group also limits causal inference,
though withholding intervention in fluid-overloaded
patients would have been questionable on ethical
grounds. Future research should involve larger,
multicenter randomized controlled trials with longer
follow-up periods to confirm the benefits of BIA-guided
fluid management.

In conclusion, BIA-guided fluid management improved
fluid balance, reduced dialysis-related complications,
and decreased the need for antihypertensive drug classes
in maintenance HD patients. These findings support
integrating BIA into standard clinical practice for
individualized volume management, particularly in
patients with fluid overload. Future large-scale,
multicenter trials with longer follow-up are warranted
to confirm these findings and explore long-term clinical

outcomes.
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Effect of Preoperative Calcitriol Administration
on Postoperative Hypocalcemia in Dialysis
Patients Undergoing Parathyroidectomy:
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Abstract

Background: Secondary hyperparathyroidism is a common complication in patients with end-stage renal
disease receiving dialysis, and parathyroidectomy is often required when medical treatment fails. Postoperative
hypocalcemia is a frequent and serious complication that contributes to morbidity and prolonged hospitalization.
This study aimed to determine whether preoperative administration of calcitriol reduces the severity of
postoperative hypocalcemia and the need for parenteral calcium supplementation in dialysis patients undergoing
parathyroidectomy.

Method: A single-center, open-label randomized controlled trial was conducted in 26 dialysis patients with
severe secondary hyperparathyroidism. Participants were randomly assigned in a 1:1 ratio to receive either
calcitriol 2 micrograms per day combined with calcium carbonate 3.6 grams per day for three days before
surgery (intervention group, n=13) or calcium carbonate alone (control group, n=13). All patients were followed
with serial calcium measurements for at least 72 hours after surgery. The primary outcome was the nadir serum
calcium level within 24 hours postoperatively.

Result: Baseline characteristics were similar between groups. The intervention group showed significantly higher
nadir serum calcium within 24 hours (8.15+0.57 vs. 7.59+0.56 mg/dL; p=0.020). The intervention group also
required a lower total dose of intravenous calcium infusion (1,232.8+883.0 vs. 2,845.5+2,253.2 mg; p=0.024) and
a shorter duration (3.6+1.9 vs. 5.6+2.6 days; p=0.036).

Conclusions: Short-term preoperative administration of calcitriol reduced the severity of postoperative
hypocalcemia and decreased the requirement for intravenous calcium infusion in dialysis patients undergoing
parathyroidectomy. These findings support the role of calcitriol as an effective perioperative strategy, although

larger studies are needed to confirm long-term outcomes.

Keywords: hungry bone syndrome; PTH; parathyroid hormone; hemodialysis; peritoneal dialysis; kidney failure;
ESKD; ESRD
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F1vaannizunadenludendiuazanainudesnis
unaBundsrndndloisuiundurmuauiilallézy calcitriol
noundavsal
521UguIFIY

nsfnuiiduie open-label randomized controlled
trial Inedlszgzranadndun1sdaesendng 1 nsngnau w.e. 2564
§11 30 fguieu w.e. 2568 waglasunisendiRainAnenssuns
33u5550M I8l uALVRlTINEIVIaNTEUIT U UNIT1Y
@l KNH17/2564 fUaennaulalaiuduseudy
agdnwaldnwslunsisuns@ne n1sdungusnwld
Wsunsuasuiiwmesiaednassuuu 1:1 lngldfinsudsuden
n1sAnuillduluy open-label warlsifinisundndeya
NRINTINATINGH

UTEINIUazIUIANgUA2ag1e

nsinnsdadnsfinude fuaslsalndesaiiongiiu
18 ¥ Aighlgsunsvienidondewaiasiaufion (hemodialysis
%50 HD) 139 a9lavatoeviag (peritoneal dialysis %3 PD)
aghsasiiawe waziian serum intact PTH 11nn31 800 pe/mL

soifesuustaden 6 wWeusiufuideladendeelud
Toun 1seiudsuuaadon = 10.2 me/dL 2. FSuvleawin
> 5.5 mg/dL 3. To1n15Uannsean’ inausinisdnean Laun
Qﬂaaﬁiﬁ%’umaw’wﬁmm’auwwﬂmaaﬁmdau, 12159709
soulnsaum, ﬁiiﬂiauﬁuLmﬁlﬂawmm%’umasﬁﬁmlé’, i
UseIRuien calcitriol, fisviudsuuaadeutionnit 8.6 me/dL
Tududy®, m@a&y’amsﬁ, Ufsasnisdngaunisiinm

N1IAUIUVUIANGNATDE

Talusunsu SPSS version 30 *' Tun1sAruiu 1oen
ATIUMANANITDITEAUTSuuART B euRUnE i fRluTuwsn
senInanguilléisu calcitriol (1.84 me/dL) funguauny
(2.16 mg/dL) l@arauuana1ad 0.32 Tnefidudesuy
uInsgIuaInwifelndiAsaiudszana 0.3 me/dLY
wielsilden power > 80% uwazsyduadun19adH 0.05
nan1sAuInldvuIangudieganguar 15 518, 594
YNGRl 30 578

FunauNISANY

s thenieun1HIAR

nounIsHIdnUszauaeafion JUlennedvlasy

A1305993A526U 25-hydroxyvitamin D lunsdiinuing
sEeuing1 30 ne/mL aslesunissnume ereocalciferol
ieuAlunnzvadnniud Aeudngnszuiunisdungumaaes

NTEULUINFUUAZNITATENNTTINBIEININ

wilsdunineudrfunisnululsmeiuia aeiinisdu
wanquiUae aeivuelviviealdendy active vitamin D
wevae wazddun1sls phosphate binder auszaudsa
wraldesnazveaa 1iearuausAUTIuoaLlnllel
WU 5.5 me/dL

mafiudeyaugululsmeuia

defthodriunssnululsmenuia awsinsiuteya
fugiu Tdun e 07y dvfnanie (body mass index 3o
BMI) Usziflsauszdnia Uszanassnisindanaunule
szoznafisyiusesluunsinsesdgaiu 800 pe/mL
Andanued 19ty 6 WHow LasNansIINIWieUfuRnIs
Touwn complete blood count, electrolytes, serum calcium,
phosphorus, intact PTH, ALP Wag 25-hydroxyvitamin D

M3i3ueN calcitriol 93¢ 3 Yurourindn

nauneaeazlasu calcitriol au1n 2 lulasniusaiu

& Y] W A | v Yo
Junan 3 Tuneudn Tuvaziinguavauazlildsuen
calcitriol nOUKAA ﬁﬁﬁadﬂfjmﬂﬁ%'UM calcium carbonate
YUIA 3.6 NSURDIU
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A15UsELiuLarUSUNISHaNEann LS AUTSULARLY B

NOUNIAR

Aowr1din 1 Yu azdn1snsaiaseiudsusazoding
(fordurn baseline) Taslunguiildsunsenidonazuiu
A1 dialysate calcium mussiuTsunaaeudiiald win
ANTSuuAaBeusing1 10.2 me/dL ald dialysate calcium
3.5 mEg/L wWawIAMAAUNIaNINNIT 10.2 me/dL azld
dialysate calcium 2.5 mEq/L dwugthedslamdosvios
szdonlithenitirududuuna@on 1.75 wso 1.25 mmol/L
AIUAIIU

mMsAnmusyauge ST insesfiiieussiunnudisa

YDINIIHIGA

Tudurdn 92din1339A1 intraoperative intact PTH
#nan 0, 5, 10 way 15 Wifindndaseunsinsessae
govine Ineinaeinudnsaveensiifnfe 1 intraoperative
PTH ﬁi’wé’dmﬂéfmiamqmﬁw 15 Wil fAtanase et
Souay 60 INNANDUNIAR

NIAARINLAENITINYINAIHIAR

wduinazlesun1Insdsuunafeuriufl (Flusdi 0)
warfnnudfuuaadouyn 6 dalus Wunatednados
72 lus mMsshwanzweadenludessiiidmneie
stﬁu%%"mma@wagﬂumd 8.0-8.5 mg/dL lagaziinis
YufinUSunasueal@ouianuudanarduussniu sauds
SruutuitldfusueaiBeuuuudn uasiaesnduarlézu
calcitriol Tuawn 2 lulasnSusetu BuduSuusnndside
wazazUSuanauinmnnuInidSuneanmiy 5.5 me/dL
wazaldsusunadouniueiunsulsemusywingieas
Turwn 9.6 ndusietu ndeasu 72 Fluswzasadsuweadey
nn 12 flusdeluauninagdmine Tasinasinisdmine
Aoszaudsuuaa@ouuinnivdewindu 8.0 me/dL waz
VLﬁ%’UmiwqmmLmaL%ameamiaLﬁm (calcium infusion)
wahetatios 24 Hlus lnedesinanadendusustisios
2 a¥whatu 12 Hlus

NAANS

NadNSuAN fio Avinanvestsuunaesludennelu 24
%ﬁiuﬂLLiﬂ%é’ﬂﬂhﬁ@ (Nadir calcium within 24 hours after
surgery) nadnssos Moun onsTiduTuSTUsEiUTSuLAae
Tuidonim, Usinueueadounuuanfidodls s1uiuiuueu
Tsameuia, SruuTuiideslasusuaa@ouuuuan uay
Aldneasdlunsuoulsmenuna (Raussuuoulsmetuna
EFALES AL TIMINY)

nsiessideya

Lﬂumﬁmﬁwﬁsﬁagauuu Intention-to-Treat (ITT)
nsSguiguAILUTIENiNeNguedy Chi-square test,
Fisher’s exact test, Independent t-test 138 Mann-
Whitney U test n1sid3euiiisuseninangudmiudeya
fidnsTaen Wy seaudsuunaBuuvdmidalugisaaidng o
9214 linear mixed-effects model laefmuayanaidy
random effect LilpAUANATILUTUTILTEWIIYARA Loy
MYUANGUNITINYT 1A Uag interaction sewinanguiula
Ju fixed effects nan1siAsgsiavsenudy estimated
marginal means W¥ouga9AUdaiu 95% Amuasziv
Toddeynnaadif p < 0.05 wagldlusunsy IBM SPSS Statistics
nedtu 30.0 dmsunsieszsimue

NAN13398

e 26 edgnisinen laedigdiedua 3 g9l
5¥AU intact PTH anasdeeniniesay 60nqunnassilasy
81 calcitriol 91U 1 T1PUALNGUAIVANTILIU 2 578 AT
a & v aa & a U
Ansziteyanivatimdunuy IMT lnedngunaass 13 518
NauAIUAN 13 318 (§UT 1)

26 eligible patients
intervention 13 cases and control 13 cases

2

Run-in Period (1 week)
« Stop calcitriol
» Randomization 1:1 to intervention and control

4

Week 0 (Admission)

« Intervention: Calcitriol 2 pg/day x 3 days and
calcium carbonate 3.6 g/day

« Control: calcium carbonate 3.6 g/day

4

Surgery (PTX)
* Intra-operative PTH monitoring

4

Intention-to-treat Analysis

R

R

e 0 )

Y )

31117; 1 Study Flow Diagram
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Mnnsisuiieudoyafiugiu wuin nguvaastuay
naumUAudidnvazUsEvnsuazteyanisaddniliuandng
oghalitoddameada sisludume o1y Tsnsa seoznm
wazdsn1sunUanaunule wansIameiesufuiminig laun

a o % & v
M19°9N 1 aﬂ‘lﬂmgma?ﬂawugqumaﬁﬁdﬂQS

seRuLAa@BY, ALP, S¥AU 25-hydroxyvitamin D 52384

M3kAsUeN calcitriol tagUSunaeuaalenviniuusyniu

Prlutranaunazadxiiga (m15199 1)

Intervention group

Control group

Variable P-value
(GENK)) (GENK))

Female sex (n/%) 7 (53.8) 6 (46.2) 0.695
Age (years) 50.00 (28.50-53.50) | 42.00 (36.25-48.50) 0.545
Body mass index (kg/m?) 22.90+3.69 24.40+4.33 0.351
Diabetes (n/%) 3(23.1) 5(38.5) 0.395
Hemodialysis (n/%) 8(61.5) 11 (84.6) 0.185
Dialysis vintage (months) 71.24+35.72 55.60 (16.16) 0.163
Duration with intact PTH > 800 pg/mL (months) 24.49 (13.77-39.50) | 14.83 (12.11-26.11) 0.287
Laboratory data on admission

Calcium (mg/dL) 9.98+0.68 9.64+0.59 0.178

Phosphate (mg/dL) 4.60 (3.85-5.40) 5.60 (4.15-6.70) 0.123

Intact PTH (pg/ml) 1,487 (1,258-1979) | 2,127 (1,677-2,127) 0.101

ALP (1U/L) 326 (174-436) 275 (215-321) 1.000
Preoperative 25-hydroxyvitamin D (ng/mL), median (IQR)* | 38.00 (29.05-58.55) | 29.00 (22.00-51.23) 0.545
Preoperative medications

Calcitriol (pre-washed out) (micrograms/week) 0.00 (0.00-2.25) 0.00 (0.00-2.00) 0.840

Elemental calcium (g/day) 1.80 (0.00-3.60) 1.80 (1.35-3.60) 0.579
Postoperative medications

Calcitriol (micrograms/day) 2.00 (1.50, 2.00) 2.00 (2.00, 2.00) 0.579

Elemental calcium (g/day) 2.60+0.66 2.96+0.61 0.698

PTH, parathyroid hormone; ALP, alkaline phosphatase

*An preoperative 25-hydroxyvitamin D 1un1sasiaiandilaiuen ergocalciferol

31NN15aTUToYaNITHIAR NUTMINFUNARBIUATNGY
AIvANTidndIuveIBNSHdRTuANa1iY wilifidedAty
NNEDA UINAINT TEAUTDS LUUNITIINTDUAUAIH AR

laupnansiueg1edidedfy

Tuna 15 wil wardasazvoinisanasvessasiuumsinsesn
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M3 2 ToYAUALHAGNSVDINITHIGR

Intervention group Control group

Surgical Parameters P-value

(GEIK)) (n=13)

Types of Parathyroidectomies

TPTX with or without AT (n/%) 7 (53.80) 10 (76.90) 0.411
Subtotal or Partial PTX (%) 6 (46.20) 3(23.10)
Postoperative PTH (pg/dL) 247 (199.5, 381) 268 (215.5, 600.5) 0.287

% decrease in PTH from baseline 15 mins after surgery | 81.57 (78.82-88.77) | 87.06 (68.84, 89.72) |  0.880°

TPTX = total parathyroidectomy, AT = auto-transplantation

NAdWSVANYRINSANY (A31edl 3, JUT 2) wudn ngu vaeadonduninogaillddameadi (mean difference
maaaﬁizﬁmmaL%euﬁwqmmsﬂu 24 %’ﬂmwé’w’wﬁmqa ~2.00 T1; 95% CI -3.86 §13 —0.14; p = 0.036)
nInguatuaNeg1eilludAyn1eats (mean difference drussuziaueulsmeuiakazalianglunisinm
0.55 un./Aa.,; 95% Cl 0.09-1.01; p = 0.020) vauzifediu  TuwildnanadlunguveasudlifassduledAgynieada
Uiinaunaieuléfummasndonanatesnalitoddme  (p = 0.075 uag 0.063 Muady) vzflonsidusiudiu
adia (mean difference —1,612.72 un.; 95% C1 -2,998.02 &4 anzuaaidouluidensilal WANF 1A UTENI1NEBING Y
-227.43; p = 0.024) warszuzlIAINITIALAATEUNIN  (p = 0.220)

M19199 3 HadnsUTeueuseninanguilasusaadlasesanourdniungumuay

Outcomes | Intervention | Control |Mean Difference (95% CI)| P

Nadir serum calcium within 24 hours after 8.15+0.57 7.59+0.56 0.55 (0.09, 1.01) 0.020
surgery (mg/dL)

Total dose of calcium infusion 1,233+883 | 2,846+2,253 -1,613 (-2,998 -227.4) 0.024
Total duration of calcium infusion (days) 3.62+1.89 5.62+2.63 -2.00 (-3.86, -0.14) 0.036
Length of hospital stay (days) 6.38+1.61 8.23+3.19 -1.85 (-3.89, 0.20) 0.075
Total treatment cost (Baht) 56,132+8,283 | 62,349+7,950 -6,217 (12,789+354.6) 0.063
Symptoms associated with hypocalcemia (n/%) 0 (0%) 3(23.1) 0.220

Cl = confidence interval.

10.00+
p=0.020

o

9.00 -

8.00- % T
7.00- ° J_

6.00+

Nadir serum Ca within 24
hours (mg/dL)

Intervention Control

'
=

UM 2 Msnsenevesdsuuaadedludeniniganiely 24 Tilumdnisiidnseunisilnsesn

Ca, calcium
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HaMTIATEENsUABILUAS R UFSuuAAEBmME SHndn
(0-72 $T319) $8 Linear Mixed Model uanslu aesii 4 1oy
random intercept fe {73, fixed effects oA NAUNSSNY
nan uagUjduiusnguxaaimudl van (time effect) dna
wanseeedifedday (p < 0.001) Hunnedein@suunadey
finsdsuudasluanaGusuegelifodfey vazfings
(group effect) wuilungumaassiiadunaadesmdsrindn
LaIgenIINguAIvANeteledAynieadiil (p = 0.045)
Tnglinuainuunnsvesujduiusseninaiaiuasngy
(P=0.663) wansinuualiuni1siudsunlasvounaides

Turaesnguidululufiemaientu

\lef9150u1A1 Estimated Marginal Means (EMM)
wuiingunnassiiszfuuaal@ouiedsginiinguaiugy
WBntaunasnvianal (mean difference 0.456 mg/dL, 95%
Cl 0.010-0.903, p = 0.045) (mﬁ'mﬁ 5) uiradelnesiu
WUANAIY LwigﬂLLUUﬂﬁLU?ﬂIauLLﬂaamaaﬁ&aanﬂajuﬁé’ﬂwmz
sutusazliinuanuanaafiditeddymadn (time x
group interaction, p = 0.663) Ingianzd 72 Faluawdsingn
Aadvasiidesnaulndiieiu (8.63 vs. 8.53 me/dL) uaw
laiflenuuandnsegnaiidoddy (Uil 3)

A15197 4 Type Ill Tests of Fixed Effects of Time and Group

Effect Numerator df Denominator df ‘ F ‘ P-value
Time 12 31.951 5.044 <0.001
Group 1 25.179 4.431 0.045
Time x Group 12 31.951 0.784 0.663

= A P =~ ] !
N199N 5 ﬂ']iLiJaEJuLLUa\‘i“UEN“U'ﬁJLLﬂaL‘UEJJﬂuﬂ’sjﬁ,WlﬂaE]QLLaSﬂ’q@JﬂQ‘UQM

Serum Calcium (mg/dL) 95% Cl
Intervention 8.747 0.154 8.431-9.064
Control 8.291 0.153 7.976-8.606
Mean Difference 0.456 0.217 0.010-0.903

0.045

SE, standard error; Cl confidence interval

9.2

—e— Intervention (Group 1)
---m--- Control (Group 2)

9.0

8.8
8.6

8.4

.
g2 ; A el

8.0

T
-
~

Serum calcium, EMM (mg/dL)

1.8} oo

7'6'| |. 1 1 1 1

0 10 20 30 40 50 60 70
Time after parathyroidectomy (hours)

JUN 3 FTuuAal@eusyning 0-72 Tiluandsirdia
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lun1siSeuiisuUsunaveseaa@euwuuiuuseniy
ua calcitriol AifUaEldFuUndInsrAaszIing 2 ngu U
Lifiauunnensiuegradituddiey lnenquynaselisegiu
VBIVUINYILAALTE 19.44 nTU (IQR 9.36-21.96) uay
nauAuAN 21.12 nfu (IQR 19.20-35.52), p=0.079 dmiu
wune calcitriol TunguveasdiAngdsegiu 2.00 lulasnsu
oy (IQR 1.62-2.00) uaznguAIuAy 2.00 lulasniusieiu
(IQR 2.00-2.00), p=0.566

afUsIwnIsAnEN

nsfnwiiiingUsvasdifteyussifiunavasnsly calcitriol
aaantneunsrndamslnsesdluguaslsalanneidess
AldFunsidanaunuladoauguusivesnnzuaaides
Tuidondmdsrinda nans3dewuinguaeildsu calcitriol
fiAn nadir serum calcium el 24 Fluamdsngdngandi
quAIUANLeliTd Aty uarldFunaiinauarszeziaInIg
Truaalsnnaasndentiosni devieuinnsi calcitriol
feusiAnaNITIanALTUIIIYeINzLAATE AR AN
19939

dlefinnsannan1siinsizvig i Linear Mixed Model
wusgdukeadeuiinisiUdsuulaswnunanegneiiveddey
Tutaaesngu Tnenauilldsu calcitriol fleadegsniingy
muaudntiosnaeatsian wihuuliumaudsundas
vossaosnguanidululufiameuuiu was U jaumius
senInnaavnguegeildedfgy NansAnEIRINaI
Tifiudn calcitriol Snaufinsyiuunadeslnesiy ualyle
LU%S‘NLLU@GEULLUUﬂ’]i‘ﬁuﬁﬂJmi%ﬁULmaL%Smwﬁﬂﬁhﬁﬂ

Tudvasnaansses nuiszuzaUsuUlTIneIUIaLaY
Aldaneiuuilduanas uilifesedutoddyniads 3
odunanvuafegsTisiinuazausUTIuTe stoya
Fodunsinumsnsyindieanuseinsy e egdlsiiny
MsanAudeInseuAadeumdudenatadeuinndd
1,600 1A, WazNITAATZEZLIAINTILAATENLEUADAA
sz 2 u feflanumnednddn feswinanunse
Fwanaudsiwenmzunsndeuiiieidestunisuimsen
MAHULGDN AAN1TEUYBIYAINT LavedwmalitUley
Al nEaty

nan1sFnvidenadesfusiures Alsafran wazanz
fisreenuinnslel calcitriol Aewrndnlefinsyiuwnades
nawmdaLaranIzeziaIuaulsmeIuIa aseiuduiu
9184 Ferreira filien calcitriol vuinganiandulainy
Uszlonlogeiidoddny oransedUneiinnig secondary

hyperparathyroidism 11unN3139%8 bone turnover gaag
desronzunadeuludoasunnnin dewdsuifisuiu
Asfnunfilsd calcitriol w&HAFR Grube wazAmMENUIN
n3l¥ active vitamin D nasdaturagaiieuii calcitriol
6 lailasn3u/Su iiinsziuneadeumniiuunnas 2 lulasn3u/Au
niinaulefelunguilsifu calcitriol wurnsaziiszdu
uwpadeuflanasunngaal-3 SundehdasninsAneidinn
dxouisuszlovives priming effect voansiienarsmii
oflsmsfinuilliléfignusvaslunismaaey dose effect
904 calcitriol fivunasineg uddenlduwnen 2 lulasniu/u
Fudumnefifisefumsnseduasinergean®

miﬁﬂmﬁé’n§ué’umméﬁé’zgsummmﬁlmmwsm%mﬁu
frousndin deldFunisuusailuuuimneain The American
Association of Endocrine Surgeons (AAES) U a.A. 2022
kag European Society of Endocrine Surgeons (ESES)
Y A.f. 20157 2 wmszseiu 25-hydroxyvitamin D #i8
innandesdennzuaai@esludendmdsinda msnunm
s Aufluitheiaeanguledlunusivanzau taean
Aud I saLazfinA e fovaHadnS

oudevossAfed 1dun nsesnuuuidu RCT, g
munuihdoidesidwames nmzuradesluidendh uasmsld
protocol n1suflunnzupa@euluideondn auwuInig
KDOQI 2003 yhlvinadwsdauindeioludafiRnisma
Aatn Ted11in Ao YwnmegaAeutaties, U single-center
study wawdinshnnumaiiivsszezdu liaunsnagUnalusses
gWTONAANSINUNTEAN (WU fracture risk) 1o

agun1sli calcitriol neuni1sHdnnIslnseedaivan
ANUULTITRY nzuraButludend wazannrmfioins
AT adudeavdindn nadnsindedfydwnadn
Tuifthefifiennuidesgs ogslsimy Sedndusestimsinm
78 vwelvgtu szezRenueniu waslsudieurunn/
sy8vna1ved calcitriol Wie analog B 4 B uduuszavdua
LagmAmsiungauiigadmiumsdesiunne g
uwraiBealudons vdsndn
nnRnssudsenA

YavauAuLIveg weutanilele viledasrans waz
Wmthimaianisunngynvituildliautismdeuas
aduayulunsiiiunideedsiliduegnsd liaunduns
TS uusth mfamssiueanuazmnlundunou
YBINTIY
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Abstract

Background: Chronic kidney disease (CKD) is a growing global public health problem associated with increased
morbidity, mortality, and health-care costs. The burden of CKD is disproportionately higher in low- and middle-
income countries, where access to early detection and renal care is often limited. In Nigeria, population-based data
on CKD prevalence remain scarce, particularly in North Central regions such as Lafia. This study aimed to determine
the prevalence of CKD and describe selected demographic and health-care access characteristics among adults in
Lafia, Nigeria.

Methods: This cross-sectional study enrolled 190 participants aged 18 years and above. Serum creatinine was
measured using Jaffe’s method, and estimated glomerular filtration rate (eGFR) was calculated using the 2021
Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation. CKD was defined as an eGFR <60 mL/min/1.73 m2.
Results: The overall prevalence of CKD in the study population was 13.7%. Participants with CKD had a mean
age of 39.4+3.1 years. The prevalence of CKD was higher in females compared with males. Only 61.6% of
participants reported having access to a health-care facility.

Conclusions: This study demonstrates a relatively high prevalence of CKD (13.7%) among adults in Lafia, North
Central Nigeria, with a notable burden observed in younger individuals. Limited access to health-care services
may further exacerbate underdiagnosis and late presentation. These findings highlight the urgent need for

community-based screening programs and improved access to healthcare services.

Keywords: renal failure; renal failure; incidence; kidney failure; ESKD; ESRD

Introduction

Chronic kidney disease (CKD) is defined as an estimated
Glomerular Filtration Rate (eGFR) less than 60 mL/min/1.73
m?, persisting for three months or more, irrespective of
the cause'. CKD is a gradually worsening condition. It
can be difficult to detect early because symptoms

typically do not appear until the later stages of the disease.”

CKD represents a significant public health concern
globally, with its prevalence on the rise in many parts
of the world, including Nigeria. CKD affects an estimated
8 -16% of the adult population worldwide.” While
there is no nationwide survey of the prevalence of CKD in
Nigeria, reports from different community-based studies

report prevalence ranges between 2.5% and 26% using
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different diagnostic criteria.* Nasarawa State, located in
North Central Nigeria, lacks data on the prevalence of CKD
within its population. Understanding the epidemiology of
CKD in Nasarawa State is crucial for informing public health
interventions and healthcare policy development aimed
at prevention, early detection, and management of the
disease. This study aimed to determine the prevalence

of CKD among adult residents of Lafia.

Ethical approval

\/

Participant recruitment

\/

Materials and Methods

Study participants

The study was conducted in three communities
(Gandu, Akunza, and Millionaire Quarter) in Lafia, Nasarawa
State. One hundred and ninety participants were enrolled
in this cross-sectional study. Adults aged 18 years and
above residing in Lafia who gave consent were included
in the study. Young individuals under 18 years of age and

pregnant women were excluded.

Informed consent/eligibility criteria

Yes

\/

No

Figure 1 Study flow diagram

Ethical consideration

Ethical approval was obtained from the Federal
University of Lafia Faculty of Basic Medical Sciences
Research and Ethics Committee with reference number
BM-A1-0016. Approval was sought from community
leaders, and all participants provided written informed
consent before enrolment in the study. All information
pertaining to participants is confidential, and participation

in the study was voluntary.

Data collection

A Proforma was prepared in two sections; the first
section is on socio-demographic data, and the last section
is on physical examination, and the result of the serum
creatinine and eGFR was used to collect data. Venous

blood samples were collected from participants, and

\/

Data collection

\/

Data analysis & report

serum creatinine levels were measured using the Jaffe
method. The Chronic Kidney Disease Epidemiology
Collaboration Equation (CKD-EPI 2021) was used to
calculate the estimated Glomerular Filtration Rate
(eGFR), and an eGFR of less than 60 mL/min/1.73 m2 was

considered indicative of CKD.

Statistical analysis

The collected data were analysed using the
Statistical Package for the Social Sciences (SPSS) version
29.0. Categorical data collected, such as sex, ethnicity,
level of education, etc., were presented in frequency and
percentages, while numerical data, such as age, serum
creatinine level, and eGFR, were presented as mean +

standard deviation.
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Results

The socio-demographic characteristics and renal
function of the participants are presented in Table 1. The
mean age was 38.92+16.46 years. Females, accounting
for 64.2% of the participants, formed the majority. The
Eggon tribe (37.4%) was the largest ethnic group. Less than
half of the study population has primary or no formal
education. Seventy percent of participants are low-income
earners. The majority neither smoke nor consume
alcoholic beverages (90.0% & 93.2% respectively).
Only 61.6% of participants have access to health care
facilities. The mean eGFRwas 107.11 + 34.52 mL/min/1.73 m’

Table 1 Socio-demographic characteristics of the
participants

Variables | N=190

Age (years) 38.92+16.46
Sex (n/%)

Female 122 (64.2)

Male 68 (35.8)
Ethnicity (n/%)

Eggon 71(37.4)

Kanuri 25(13.2)

Hausa Fulani 31 (16.3)

Rendre 15 (7.8)

Others 48 (25.3)
Level of Education (n/%)

None 51 (26.8)

Primary 40 (21.1)

Secondary 34 (17.9)

Tertiary 24 (12.6)

Informal 41(21.6)
Income Level (n/%)

Low 133 (70.0)

Middle 46 (24.2)

High 11 (5.8)
Smoking (n/%)

No 171 (90.0)

1-3 times a week 5(2.7)

Daily 14 (7.3)
Alcohol intake (n/%)

No 177 (93.2)

1-3 times a week 2(1.0)

Daily 11 (5.8)
Access to a health care facility (n/%)

Yes 117 (61.6)

No 73 (38.4)
Serum Creatinine (umol/L) 69.02+42.74
eGFR (mL/min/1.73 m?) 107.11+34.52

Prevalence and characteristics of CKD

Out of the 190 participants, 26 (13.7%) had eGFR < 60
mL/min/1.73 m* The mean age of the participants with
CKD was 39.443.1 years; females accounted for 76.9%
(n = 20), while males accounted for 23.1% (n = 6).
Those with access to healthcare accounted for 42.3%,
and those without access accounted for 57.7%. The pie
chart (Figure 2) represents the distribution of CKD stages.
There were 13 (50%) participants with stage 3a (eGFR
45 - 59 mL/min/1.73 m®), 8 (31%) participants with stage
3b (eGFR 30 - 44 mL/min/1.73 m?), 5 (19%) participants
with stage 4 (eGFR 15 - 29 mL/min/1.73 m?), and none
with stage 5.

B stage 3a

I stage 3b
Stage 4
Stage 5

Figure 2 Distribution of chronic kidney disease stages

Discussion

The prevalence of CKD (13.7%) in this study is similar
to the 12% reported from another part of North Central
Nigeria.” A systematic review done in 2018, pooling seven
population-based studies, revealed that the prevalence
of CKD ranges between 2.5-26% in Nigeria®. The CKD
prevalence in Lafia is higher than the 7.2% prevalence
in Ecuador, a country located in Northwestern South
America.” In this study, the prevalence of CKD is
significantly higher in females than in males. Although this
may be explained by the fact that there are more female
than male participants in this study, a similar pattern of
higher female prevalence is also seen in a previous
study in Kwara State, where CKD prevalence is higher in
females (14.1%) than males (9.5%).” A systematic review
of various studies done in Nigeria showed a higher

prevalence in females than in males. This is similar to

- J Nephrol Soc Thail 2026; 32(1): 74-77

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



Short Communication JNST

reports from other parts of the world. ° It is not exactly
clear why there are more females than males with CKD; it
may be attributed to the fact that females tend to have
a higher health care utilization due to pregnancy,
childbirth, and contraception. Thus, increasing the
tendency for diagnosis. Although more females are
diagnosed with CKD, males tend to progress faster
to end-stage kidney disease, as suggested by the fact
that more men are seen at dialysis and transplant
centers.’

The study population is predominantly low-income
and has limited access to healthcare facilities. This may
have impacted their access to quality healthcare with
attendant increase in the prevalence of the disease.
About half of those with CKD are in stage 3a, and none
of them were found with end-stage kidney disease (stage
5). This may be explained by the fact that CKD is mostly
asymptomatic until renal functions decline severely to
end-stage. Also, since this is a community-based study,
participation by community members living with end-stage
disease is likely to be limited by the nature of their
illness, which may impair their ability to reach the
research venues.

This study is limited by the fact that a single serum
creatinine measurement was used to estimate eGFR,
which may have led to an overestimation of the study
findings

In conclusion, this study demonstrates a relatively
high prevalence of CKD among adults in Lafia, North
Central Nigeria, with a notable burden observed in
young individuals. Limited access to health-care
services may further exacerbate underdiagnosis and
late presentation. These findings underscore the
pressing need for community-based screening programs

and enhanced access to healthcare services.
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