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I Review Article

Review

Role of tolvaptan to treat acute heart failure

Ratthaphon Chitthai, Bancha Satirapoj
Division of Nephrology, Department of Medicine,
Phramongkutklao Hospital

Abstract

Acute decompensated heart failure is a common condition that increases morbidity and cardiovascular
mortality. Most patients often suffer from dyspnea. The main treatments are to treat precipitating causes of acute
heart failure and to use diuretics to eliminate water and salt from the body. After a high dose of diuretic treatment
for several patients, the signs and symptoms of acute heart failure cannot be improved and some side effects
from hypokalemia, metabolic alkalosis, and worsening renal function develop. For those reasons, a new oral
vasopressin receptor antagonist (VRA), i.e., tolvaptan, has been developed. It decreases the function of the
aquaporin 2 channel at the distal collecting duct, inhibits reabsorption of water, and produces a clear aquaretic
effect. Tolvaptan has been approved by the United States Food and Drug Administration to treat hypervolemic
hyponatremia from heart failure and euvolemic hyponatremia from the syndrome of inappropriate antidiuretic
hormone. Furthermore, several clinical studies show that tolvaptan improves congestive symptoms, promotes
weight loss, increases urine output in patients with heart failure without affecting other electrolytes and maintains

renal function.

Keywords: tolvaptan, heart failure, hypervolemia
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viesTuAusUEenfnY vninmeindenietiuniund
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\fiunisad1a angiotensin Il dwnalviasaidonvionnain
wielanadufiniy (renal efferent vasoconstriction) ¥ils
§ns1n1snsewedtaiiniy dudausudenszandias
uananinisnszdu RAAS Sufiunisganduindeluiey
wazd Twalfiuanududen wardnwinusudenls
AduLIALT’ N13AVANAIUAULADA au@amm‘fmaz
NFBUBNAINNIL RAAS Ui Sansedurugesluu arginine
vasopressin (AVP)
amgmladuaideunauaziinisiuivesiilaanas
¥il¥Usnandenfioananileanas idenluideslnanas
LiAN15NIEAUNITASI angiotensin I dudu lwde
waonidenlavafiiionsdnsinisnseswadlaliad uaz
dunsganduindeledeuivielndiusiu uenainidansedu
T iAan1sudtsadluy aldosterone Lfindy Feaviinaliia
nsganduindelufeuiivieladautans gavinesitlisnanie
Saflndeuazihdufiniu’
luragidgiiuanemladumaideunduasnsedusyuy
UszamBunnin wisifiunisuasvemasniden finns
N3eAU baroreceptors kag RAAS WliinnswdsgesTuy AvP
KU non-osmotic pathway Fa AvP ﬁ]xiﬂﬂﬁzéju V1 receptor

Wag V2 receptor ¥4 V1 receptor 9gaguiiunannileiila

LAENAULLBISHY HAYDINIINTEAU V1 receptor Agyinli

n&rubetlafuiunniy wainldiinnasndennni
WATNAYDINITNTLAU V2 receptor ﬁu’%nmia"l,m?huﬂma
(coltectlng ducts dawaly aquaporin channeL mmummu
ummmmﬂaw‘umm collecting ducts Wingy vlhin
amzthdlusiene warensanameiladumadeundu
weas

Ao tutlaany
nssnwgUlsnngiladumandsunaulieglunie
auaammﬁmaxmﬁmﬂmﬂmmwé’ﬂﬁuaqmﬁnm 1y
dnlugidenldordudaaiz eanniviuavindeds
Tusrane® srdutiaaneifenldlunssnugasnngila
dumandeundu e enduliaanzngy loop diuretics B
vanguisuinisganduindelufion Inunadon uax
naalsei sodium-potassium-chloride cotransporter 2
(NKCC2) U3k thick ascending limb 484 loop of Henle
Flwinstuiuezindesenmatlaanizidiudu
ogslsfinuifinsdumiainnsierestuiaanny
(diuretic resistance) wionanldiihefiinsnevausssio
prdutaanizanasvinliinisduindeeenuildegnednia’

s zartunsUssiunneoresndutiaan sadudes i
Tnensiausunatlaansuaztwingvinldiouazasant
witudagunuinnmsnsadsinalesesludaanendalasy
griutiaanezidunar 1-2 $alus anunseldifusiveidae
msnevaussesdulaanglmduedned’
nalnnishedestuiiaanziinanrasanmgsauiu
WU NINTEAUSTUUUTEAMTUNUNGN N15NTLAUTZUY RAAS
nelsaladedady wiemsdusvesileanawilfiden
Tideslaliifisame Tnsaunsassurenalnnisnesndu
Yaane lean
1. MANNNSNLNFYaUAIEn3 (Pharmacokinetics, PK)
1.1 M3gaTuenduilaanizanadnnnseuumaiuemns
\fosannnnazmladumandounduiiiniizii
waginaeiuaziinuaalduin vsensluaiauy
voudenuniiaildanas vinlinsgeduedutiaans
anas nsudlavhlalnensideunslrndulaansy
dunislimavaenidoadmauny ieantym
Foan3gaTuen
1.2 amyladeswiemladumandoundy avdosns
supvesenduilaansfiniu Wesmnanglndess
szmovauawosdulaanzanas Tuvasfianie
mlaaumandsunauaziinistumvesiilaanas
Fimdenluidedlaanas Suilfelueengrdile
anas nMstiinvuinvesedutiaannzenatioud
aymilly
1.3 enfutaangngu loop diuretics v Iuiuuoaysy
Tuien ielusengmaiila szaztudidiae
ﬁmwLLaayﬁuiuLﬁaﬂﬁwzﬁﬂﬁawsi'fui']aanz
Teangniitlaanas n1sudlalaenisliandy
Jaanzgivaisazarouoayiy o9t oLy
Usgdnsamvesenls wuluagduuds ngle
willshin vieladess undlifideyadaauly
azladumandeunau’
1.4 ﬂnsLLaagﬁu%f“fLuﬂaanx levnniseangns
vaagfutaanengu loop diuretics Fosoongu’
Fvioln msrzaztumnerdudaazldduiy
weayfufislutiaanizagyiiliviliansnsasengys
57iviola
1.5 lufUhsladefmienngiiladumandsundu
eiimsiiuduvesans anion Wy nsauEnin was
QL%‘EJGLuLaE]fﬂ Fatueennis organic anion transporter
(OAT) ivislndudu Sinalsugstuiuenduaans
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2. WANNMSMANEINaAIEAS (Pharmacodynamics, PD)

2.1 svuzusnvasnisidenduiaaizaziinisduiia
wazindefiudy ilisaneitiasindeanas
F90n19N58AUTEUY RAAS uazseuulseam
Funundn LﬁaLﬁums@mﬂé’uimaamt,axﬁ;ﬂﬁvialm
Tudrdufierdutaansldldeengns vilvnas
pengnivessdudaanizanas enn1ziian
rebound phenomenon”

2.2 Syugngvedn1sidendudasine 1aa1niaan
Kulunanedu windedinnsldendudaaniy
athasaLiia ﬁ'wnﬂ’laaxﬁmﬁﬂ%’uéffgLﬁa%’ﬂmama
yeuhuazinde etlosiulilisresnevatiuay
wnasunniuly ImamiLﬁ'umiﬁwmwmmi@m

o 3 A A | 4 a X = &
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11 braking phenomenon'® vinlenduiaans
fvongrslianas warusnanimuinlungy
Q’ﬂaaﬁﬁmazﬁ’a%é’ummLawwé’um%ﬁmi
nevausfan I iuniundung viilisenie
Aannviuasinde fiuiuanniuld

mezazﬁ?uﬂ13%’ﬂwﬂ;§'ﬂaamwﬁﬂaﬁummﬁ&mwﬁu

Jenesiinmsusiliunisnevaustseantulaanie uwazinig

USUBNUNITSNYY 52089015 USUTlnLazIuInU99817U
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g931uu arginine vasopressin (AVP)

gosluu AVP Lﬁuaaﬂuu findmainigad magnocellular
neurosecretory ii supraoptlc wae paraventricular nuclei
faveslalustanda wmmﬂuumaﬂmmmﬂ’mmazﬂ.mauaq

drumds wiel3enin posterior pituitary gland FagosTau AVP
fusgﬂﬂiséjﬂﬁﬂéﬁﬁﬂﬂ@i@ﬁlﬁamm WU 2 naln fie

1. {IUNINTEAUIINTTY osmolality (osmotic stimuli)
Fad3y osmolarlity ﬁqa%{uﬁ]zﬂigﬁuosmoreceptors flaves
dnllelusranta inandseesluu AVP indu

2. shumiﬂizﬁummhu%%u osmolarlity (nonosmotic
stimuli) WU N5EAUIINANUGIULEDAKIY baroreceptors
¥309NA1eNe 9 WU 1MsUIn warenniseduldendeu
Duiu Fanrsnszduananududondiulvgwuluaned
finswdsuwlainisinaisureaden wieanuiulussuy
Tnadsuvendonanas Fanuldlunmeding q wu nmefile
Juwan amzsunds waznisnansss (Dugu’

803U AVP ﬁ]”aaﬂqwéﬁu vasopressin receptors ﬁgwm
3 wlinfo Via receptor V1b receptor wag V2 receptor %
VN 3 receptors ‘u Ju G protein- coupled receptors m‘mm
aq”luml,mumammmmmq 9 el " (M151971 1)

* Viareceptors %a&uiuuﬂé’mufaS&Jwawaamﬁam
nénioile indadenuavimadiu hldannis
UAFTDIMADAEEA NSINNEAITDLNAALEDALAL
nmsaanglnalalau

e V1b receptors wulddosnin Via receptors 1oy
nuagluszuuuszamdiunans fivsnagad
souldauosdiunmin (anterior pituitary) wag
#useu futihinsedunisvdsesluu adrenocor-
ticotrophic hormone (ACTH) 3 naauldanes
waznsERuNIMATBUYALINFUsoU

« V2 receptors wuagluwaavieladiulaty (renal
collecting duct) ﬁmﬁﬁﬁmuv‘juauﬂa‘umﬁ’]
TnsnseduliiAnnsindoudives aquaporin-2
(AQP2) luitniisvislnilsilaane silviAnnsgath
nduLRuY
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Subtypes of vasopressin receptors, their location, and function

Location

Receptor (2nd messenger)

Function/effects

V a (G-protein IP,, ca™) Vascular smooth muscle

Vasoconstriction, myocardial hypertrophy

Brain (anterior pituitary)

Platelet Platelets aggregation

Hepatocytes Glycogenolysis, urea synthesis

Myometrium Uterine contraction

Renal Stimulation of prostaglandin synthesis, decrease in inner
renal blood flow, glomerular mesangial contraction

Adrenal Stimulation of aldosterone and cortisol secretion

Brain Memory, stress adaptation, social recognition, circadian
rhythmicity, temperature regulation, regulation of blood
pressure and heart rate

\/1b (G-protein |P3, Ca*) Pancreas Insulin release

Stress adaptation ACTH release/ beta-endorphin release

V, (G-protein, adenyl Basolateral membrane of

cyclase, CAMP) renal collecting tubule

Pneumocytes, type 2

Vascular endothelium
Vascular smooth muscle

Free water resorption

Stimulation of sodium resorption (through activation of
epithelial sodium channel)

Releases von Willebrand factor and factor VIl
Vasodilatation

W88 : ACTH: Adrenocorticotropic hormone; cAMP: Cyclic adenosine monophosphate; IP3: Inositol triphosphate;

Ca”: Calcium

nalnn1seenguaues AVP seviela

gosluu AVP vimihilumsdnuaugavesilagoongms
fivioladuvane (distal collecting duct) lpeMInseauiy
fiu vasopressin 2 receptors (V2 receptors) ﬁagjﬁmm
violasiinntuiden (basolateral membrane) ndaantiu
aglunszdulusin guanine nucleotide binding protein
(GTP) Bslusdu GTP azlunszduiinisieiuveaeules]
adenylate cyclase Lﬁlmﬁu dawalvill cyclic-3’,5’-adenosine
monophosphate (cyclic AMP %38 cAMP) azauluaarals
s B cAMP aglunszduoulan protein kinase A [1] ¥l
AANIZUIUNT phosphorylation U84 aquaporin-2 (AQP2)

lwiinnsiadeudne AQP2 Titvielailsilaante (luminal
membrane) dadu channel floauldinsudaly el
mi@mﬂffmﬁumﬂm'almehuﬂmaLsd”wmaﬁl,ﬁu%u 90y
thaviadewnuseninisadgidensitume AQP3 uay AQP4
ﬁagiﬁmmﬁalmﬁjﬁﬁamﬁmﬁaﬂ (basolateral membrane)
dsmaliganefinnsgairnduantasnsdigideniutu
au osmolality Twdenanas Aavdsdyrunduluiiney
Tfaues yilvannisuaseesluu AVP Ssannisnsedu v2
receptors vl AQP2 ndulnegneluwadviels Jsan
nsganduthaindaany wandunisdnwiaugavesnii
vislndudane faguil 1°
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Vasopressin Regulation of Water Reabsorption from Renal Tubular Cells

£ Collecting Duct Cell Q
o =
= M
© HO qQ
s 5
> AVP AQP2 e
Exocytic 5
Insertion -
il N\, AQP2
v
’..i:.. — HZO
“iill Endocytic
Recycling 4= Retrieval
vesicle

Basolateral membrane

Luminal membrane

3U# 1 uananisnalnnsesngmiuesgasiuu AVP sie V. receptor 1 collecting duct™®

Vasopressin receptor antagonists (VRAs)

Tutagduilen nonpeptide vasopressin receptor
antagonists (VRAS) %ammju vaptan gnAunulugist a.e. 1960
wazthinAnduasaduandisondusnlull a.a.1992 Aussina
P ﬁqwélumié’u5&ﬂ15ﬁ1@1umaqaaﬂuu AVP widsaniiu
fnsiaunfnAueuilagnasn laeteayavedsn vaptan
¥iiafng 9 wanslumisned 221ﬂa@ﬁuuﬂwwﬁmﬁaamﬂu
3 nqueie

1. Va VRA dluajdanldsauiuen angiotensin I
antagomst ‘Lumﬁﬂmmmmmaamm Heliasnlden
ygnefaNINTy aﬂmﬁmmumaaﬂmmuamh Ti5nwnlu
fiheduassinaenieurivun lutlagu Fee1 relcovaptan
(SR-49059) 1flosnnnifueilv FdeyanisAnuilutiagiu
e lifideyanisldenszezen wazdulwgdudeya
Tudnineass®

2.V VRA Jueiifesldlunstutaansuuy water
diuresis #30138n31 aquaretic laglidsnasonisiulafo
warlnunadesludaans Jauandrsanedudaangiild
wazdanudlldnason15nsee usEUUUIEAMTUNINEN
LAZIZUU RAAS ﬂﬂuﬂfjuﬁ"lﬁl,l,d tolvaptan, lixivaptan,
satavaptan ey mozavaptan

3. Va/V, VRA lulagdufie 81 conivaptan 1Uugndn
mMaaealdeniiosdnisemsiazevesanigoluinonysa
Tl lunsshsnmzluiealudonsdiie euvolemia waw
hypervolemia aiuAfien conivaptan Samze1danimasa
dond iiesnnfinisiaunduenSuuseniuudinuiaen
conivaptan fimsfudaeulesl CYP3Ad edsquusilufunag
aldidn wasnuidnisiindunsisenserineenguuss (drug

interaction)
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M19199 2 vllaveen vaptan ludagu”

‘ Mozavaptan ‘

Generic name ‘ Tolvaptan Lixivaptan Satavaptan Conivaptan
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Efficacy and safety of tolvaptan among patients with
hyponatremia from SIADH

Orakan Lanwong, Kumtorn Lelamali

Renal Unit, Department of Internal Medicine, Rajavithi Hospital

Abstract

Hyponatremia is the most common electrolyte disorder in general practice and is associated with increased
hospital mortality and prolonged length of stay. The most frequent cause of hyponatremia is the syndrome of
inappropriate antidiuretic hormone (SIADH), accounting for 35 to 46% of all cases of hyponatremia. Currently,
V2 receptor antagonists, especially tolvaptan, have been increasingly used to manage patients with SIADH. Evidence
has shown efficacy and safety profiles. In 2009, tolvaptan was approved by the US Food and Drug Administration to
treat euvolemic and hypervolemic hyponatremia and was approved by the European Medicines Agency treatment
of hyponatremia from SIADH. therefore, tolvaptan has been commonly and widely used for to treat SIADH. The
results from 11 studies have shown efficacy and safety profiles of tolvaptan in treating patients with SIADH.
Tolvaptan has also demonstrated efficacy among patients with cancer and patients after pituitary surgery. The
recommended starting dose is 15 mg daily, and may be increased to a maximum dose of 60 mg daily. Patients with
SIADH and high risk of overcorrection, such as those with baseline serum sodium less than 121-125 mmol/L, blood
urea nitrogen less than 10 mg/dL, low body weight or low body mass index, should be initiated with a half dose
(7.5 mg daily). In terms of safety, the most common adverse events comprise dry mouth and thirst. Serious
adverse events include severe vomiting, hepatitis (1 case) and arrhythmia (1 case). Overcorrection has increased,
ranging from 3.2-43.8%. However, neither osmotic demyelination syndrome (ODS) nor death event from tolvaptan

has been reported.

Keywords: tolvaptan, V2-receptor antagonist, hyponatremia, SIADH
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Fudl 1 fquiou aA. 2013 §9 31 Funa A 2014 Tife
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#odny) wazldAnmuiinen 7 fundamgeen tolvaptan
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WUTT SEEENAIaY0INIsInwIanan 22.6410.1 Yu
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93.8) nmzunIndeuiisuusmumsnulufiiediua 5 510
Fud 1. Dunzidelonidedin 2. viusad 3. Andelunszuadon
\HonBnuAEIinNTONNINTENEUUTEEM recurrent laryngeal
4. Wlawuiindany 5. uvSweauasilssuulualisuduivan
Taeita 5 meiaﬁé’uﬁ@miwﬁ 1 wgnsaiidunaainnis
1461 tolvaptan Ao WilawiuAndame Tasdvasennisitu
vdaanngaen wmmsaliilsiFemeaeiflugiae 5 51
(Goway 31.3) laun 1. MsvauesruRaUng 1 578 (Soway 6.3)

2. sestupsueiiuludenintu 1 916 Gevay 6.3) 3. uidwon
¥ila adenocarcinoma 2 $18 (598ay 12.5) 4. szaulalAgy
Tudestuduiu 1 519 (Gevay 6.3) uslinunz ODS
uenanidafinenuentiadesdy 4 siallsuuse W
nszmeties 3 18 (euaz 18.8)
2. MsAnyIdaunal
2.1 msfnwiidngualuguil 4 atu

2.1.1 msfineues Morris kazanz’’ Anwllade
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398y SIADH nden1iziiladumaniildsuen tolvaptan
Junisfinwuuudoundelagiivdayaainnisnuniuny
sufoulud a.a. 2010 § 2015 UTIETlFFUNMATede
W SIADH venmziladumaiiilésuen tolvaptan wun
15 un.detu mnguaelaiuen tolvaptan wuinduvie
nMs¥nwfigeduazgnAnoenainnisine wWivseiile
Aamunsidsuwlamessziuladonludonluyas 24 42l
usnnaslesuen tolvaptan denunisudlefisuiudeding
dinturessyduladenludentuiediiiiuinndt 8 uaz
12 fadluadedns Tunan 24 Halus

wansanen Tugftheflssunsitdads SIADH S
28 578 warIdadun1IEIladNmaIIIUIY 39 18 NTRU
AUBINENIITNYINUINY tolvaptan Huszansatnlunis
Snwinnglafonluidendiaina1ie SIADH Tnedfisedu
Tesludenganiuaniutudiniededdeddomsada
FowSeuiieuiunguangiiladuman sedulufesludon
iutuludae 24 Faluausnvesngu SIADH 108y 8.3+6.3
fadluasedns Wisuiisuiungunnyileduman Aade
5.03.7 findluasiodns (P=0.003) wuiltheiAanisudly
Sadvlungu SIADH snnndnguansiladumanfnduiosas
25 1W3suiisuiuiesaz 3 (P<0.001) ldwuindnsifinniig
ops lunsinuil Jadeiifinasenisinanzudluduiu
Tugthengu SIADH AemsilsziulnAenludonGuduliosnda
videwiiiyu 121 Tadluasiedns uazseiugBeludenFudiu
tounimidewiiiu 10 un/ma. (P<0.005) Bsxan1siins1es
Tunguanziiladumas Adultlunuaientu

2.1.2 M3An®uea Park wazAnz 1 unsanen
doundslaenumunassideuludUaeflddue tolvaptan
fusiFeunnsiau a.a. 2013 f1 gaem a.a. 2015 luassusy
nd YimsAnwiiteguszavsnmueanislien tolvaptan
Wesnuinnelufoaludendiain SIADH wienneiila
AuLan Imanm’m@ﬂ’mﬂy’mm 50 sefidinsdne 1Hu
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G
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Tutadesngy wuhiivinataanzuasseduladeuluden
dutuiuegnedainu Anadevesssiuludesludenfifintu
Tu 24 F7luausn Tungu SIADH azganinngunziladuman
oslledAYNIEdR (9.9+4.5 Nadluadednsuaz 6.9+4.4
fiadluasiefing A1 P=0.025) fuaglunguanigiiladuivad
Tduumen tolvaptan ganintungu SIADH aenditdudAty
neadi (P=0.028) Uhennseglungy SIADH dszduluiie
Tuidennduginausiunile Ananswesszeznaniisziulufen
Tuiionaudia 130 fadluasedns Tungu SIADH wW3isuwiey
funguaMgiladumraiiiu 1 wag 2 Tu danuuansiaiy
atnefifudndry (P=0.015) drusvevnaniisedulnfenludon
findudhginasiund sveznaueulsmenia uazszezim
mslden tolvaptan Tustsaoangulaunnstedu
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Tdsuludoafifivtuainnnd 8 fadluadedns lu 24 #alug
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vossyiulnAoaludoniina 24 Faluausn wuinguitld
o1 15 unsietu fdndufihedseiulefouludondiuiu
10 fadluasedns 1nnd1 (ngulasuen 7.5 unsedu Seuay
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fraefifindu 12 fadluadedng luumndsainnguldiuen
7.5 unsieu (nauilé3uen 7.5 un sietu Sovas 5.6 nguillézuen
15 3n.siefu Yevaz 28.6; P=0.07) dnduvasifilofidedlisy
a3t 5%DW (5% dextrose in water) Lflouflun1azuiis
Wdlsifianuunnsniu Gosas 33.3 Tunguitléduen 15 un seu
wazfovar 17.9 lunguitlé¥uen 7.5 unsedu; P iy 0.3)

2.1.4 M3An®184 Bilgetekin wazamz® Anwd
Tudszinensi iuns@nwuuudeunds lnenisiiudeya
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Tutne¥uil 1 uns1e A.A. 2016 f4 31 Surnaw aa. 2019 165U
n53iade SIADH hmnens@nwieiSsulfisunans
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SuAw A.A. 2014 Anwiuszansnmuesen tolvaptan Tugdae
Aldsunmaidadeladenludonmainnng SIADH Afludew
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A15°97 1 wansAnwesUsEansnmiazaulasnievesen tolvaptan Tunissnwnneglanenluidenniain SIADH:
ANANYUTYBINTANY

e YUAVDIUIIY/ | ENNAVDINIL nauitlddunisinen | nguaduan | sTeziam
{338 (U A.A.) o ‘o a s | N(T/C) y y : v
& Uszwne lhvaludonsn (M (@) n133N¥N
Verbalis” (2011) RCT/USA, SIADH 52/58 tolvaptan 15 to Y19189n 30 d
International 30-60 mg
Chen'(2014) RCT/China SIADH 21/24 tolvaptan 15 to g1%a N 7d
30-60 mg
Gralla®®(2017) RCT/USA, SIADH/Cancer 12/16 tolvaptan 15 to g19189n 30 d
International 30-60 mg
Kleindienst'® (2020) | Prospective/ SIADH/Post 48/38/40 | tolvaptan 7.5 mg/ mMssaint | anamvane
Germany pituitary Surgery 3.75 mg
Han''(2018) Prospective/ SIADH 39/- tolvaptan 15 to - 18 d
Korea 30-60 mg
Arima'® (2020) Prospective/ SIADH 16/- tolvaptan 7.5 -60 mg |- 30d
Japan
Morris* (2018) Retrospective/ | SIADH 28/- tolvaptan 15 mg - 1d
USA
Park™(2018) Retrospective/ | SIADH 30/- tolvaptan 7.5-60 mg |- 7d
Korea
Hanna”' (2020) Retrospective/ | SIADH 18/28  |tolvaptan 7.5 mg tolvaptan |1d
USA 15 mg
Bilgetekin®(2020) |Retrospective/ | SIADH/Cancer 22/42 tolvaptan 15 mg+ standard | v@1nuaY
Turkey standard care care
Humayun *(2017) |Retrospective/ | SIADH 31/- tolvaptan 15 mg - NANAUAIEY
England

AMUaYasRIga: SIADH; syndrome of inappropriate antidiuretic hormone, T= Treatment group f)@iilﬁZﬁ?Umﬁun‘lﬂ

C=Control group n@ilmU@&l, RCT; randomized controlled trial, mg; milligram, d; day
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A15°97 3 wan1sAnwseslsEansamrazmuUaenfeveten tolvaptan Tunissnwiniglasaluidensiain SIADH:

NAY9LAYS
ya o % a o % a o a
N338 | NAYIAYITULTY (I1UIUAL) | HAYIGLAYIRLNIZAUY €
Verbalis® Tail AsEmen Unnwre J90eu 81w Uindswe Jaaniyusy
Auiulains waglnsaayndniay
Chen' aid Unie nsevetnuse
Gralla® 9UPUTULTS (1) geunde In Uinvies viessnvieads Uinesue aduld Inunaidey

Twdensn Uande Unnuwite Jadieu du

=

Kleindienst’® | laid Woe1ms Aauld Uindsuy ooy

Han'! 9UTLUTULTY (3) Unuis nsgmeu Jaanedes 818U NMsauresiulaung
wAloSuAuguws (1) LififUhediin ODS wi3e syAulufouanii 145 dadluasiedng
Arima*® yziSalannasidedin (1) ns¥mneUe AUSILEU (6.3%) N13vinaTuvadlaRaUNR (6.3%)
laduRnIsme (1) laiAinn1ie ODS
yungs (1) Ane LBenponLaziduUsEaIm
recurrent laryngeal nerve 8uw1s (1)
yziSeaniiszuulvaisuduwad (1)
Morris*’ NA NA
Park® NA NA
Hanna?' NA NA

Bilgetekin® | 1aidl NEIUIUDY UINWAY DL

U nseuedn Jaanisusy ldnwunisiinn1ig ODS 3o
ANSYNIUYDIAURAUNG

Humayun® [ 1df
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Hypokalemia among patients undergoing
peritoneal dialysis
Watthikorn Pichitporn, Talerngsak Kanjanabuch

Renal division, Faculty of Medicine,

King Chulalongkorn Memorial Hospital

Abstract

At present, the number of patients with end stage kidney disease requiring kidney replacement therapy is increased
dramatically. Peritoneal dialysis (PD), which is another choice of kidney replacement therapy, has also increased
since the “Thailand PD first policy” pronouncement in 2008. Nevertheless, patients with PD sometimes face either
infectious or noninfectious problems resulting in an increase in mortality and poor quality of life. Hypokalemia,
defined as serum potassium below 3.5 mEg/L, is one of the most common causes of electrolyte abnormalities,
accounting for 40-80% of patients with PD. In the past, this condition has not been of much concern, but current
evidence has strongly shown that this condition produces various negative effects, such as increasing the risk of
peritonitis, cardiovascular mortality and all-cause mortality. In addition, hypokalemia is also associated with protein
energy wasting. Consequently, searching and correcting the causes are essential to prevent serious adverse events
and may improve outcomes. According to multinational studies (PDOPPS), the main cause of hypokalemia among
patients with PD is insufficient consumption of potassium from food. Only a small part of potassium is lost via urine
and peritoneal dialysis and these values did not differ between normokalemic and hypokalemic patients with PD.
This important condition should be prevented from occurring and would be better to treat immediately when
detected. The appropriate serum potassium level is 4-5 mEg/L. Treatment by increasing high potassium diet, as well
as taking potassium supplements, is the most effective strategy to maintain serum potassium to achieve the optimal
level. However, no randomized controlled studies have proved the benefits of treating hypokalemia to improve

outcomes, further study is needed.

Keywords: peritoneal dialysis, hypokalemia, peritonitis
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Diuretics and clinical application

Napun Sutharattanapong, Bunyong Phakdeekitcharoen
Division of Nephrology,
Department of Internal Medicine, Faculty of Medicine Ramathibodi Hospital

Abstract

Diuretics refers to heterogeneous groups of drugs that affect increasing urine output, which are classified by
target site of action along the nephron. Most inhibit sodium reabsorption by blocking sodium-transporting proteins.
Other diuretics act in different mechanism; vaptans mainly inhibit water reabsorption, and osmotic diuretics exert
an osmotic gradient to hold water and solvent within the tubular lumen. Physiologic response to diuretic therapy
aiming to maintain volume status increases sodium reabsorption by nephron adaptation and neuro-hormonal
activation. Thus, dietary salt restriction is required to maximize the diuretic effect. Moreover, many medical conditions
cause an inappropriate diuretic response called diuretic resistance. In acute heart failure, loop diuretics, which are
the most potent of diuretics, are recommended for decongestion with many strategies to achieve euvolemic status
including increasing diuretic dosage, using intravenous administration and combining diuretics which is also known
as sequential nephron blockage strategy. Diuretics are also used as anti-hypertensive medication by reducing salt
and water retention. In acute kidney injury, diuretics failed to reduce mortality and the renal replacement therapy
requirement. However, they still play a role in fluid management and can also be used to predict the prognosis.
Moreover, the role of diuretics prescription in chronic kidney disease increases urine output, but not clearance, and
delays the loss of residual urine patients with end stage kidney disease under incident dialysis. Nephrotic syndrome
is the one of many conditions causing diuretic resistance due to hypoalbuminemia and albuminuria. Intravenous
albumin co-administration improves the diuretics response among patients with nephrotic syndrome especially
those with severe hypoalbuminemia. In conclusion, diuretics are commonly used in many conditions. Each group has
different action mechanisms and pharmacokinetic properties. Understanding the pharmacology and clinical

application provides clinicians insights when prescribing diuretics in an effective manner and minimizing adverse effects.

Keywords: diuretics, mechanism of action, diuretic resistance, heart failure, hypertension



I Review Article

Review

grvulaanizuaznisuszenaliniendiin

ufuA g515auned UsTes Anfnadey
19730107 51an51sAle
NIPTVIDNYSAITNT MALUNNEAITHTVFINETUIATINISUG

uNAnge

e1fudaane ey enfloongrdiinyiunadaans dauiuigaaﬂqméguéy'ﬁﬂﬁgmﬂé’uisuﬁ&mﬁﬁ’n,mﬂqmn 9 vasviole
unwinoongratudinisgandutvdeiinTunuivharanslullaanny Wesnmeldsustutaansuazgyidoaisii
Wazdinsuiudufiunisgandulmfsuiioannismevaussiosrfutiaans fuasdidanisuilaandesmdoiaue
uennillsavienmelinunfvesssmenasesnsduaiuliianshosesfuliaamenniu srdullaansusazsiiafnmuandh
funnsatuisgminuldmeeatindreteusdifivanuats sangu loop diuretics Wugnifiusyavsamgagalumsdudaaiy
Fudugmdnlunisinunnnzansiluismedulugtaesilane mafisdssavsamlunstuilaanyansnsilévansTs
Fanafinaunen Mauimssrfuasmaiends sudsnstiodutaaemaesiaguiu uaﬂmﬂﬁmﬁuﬂamwé’qgﬂlﬁﬂum
anmuiulafislaglUeengqrisduindeuasansiilustsne Sudnslortulaanzesliannsadosfundesnvnnglane
dounduld wifdiiusglenilunisdnmannransiiiu wasannsniulineinsoimusudusiosidanaunilaluging
lamedsunduld dulufiislsalaGesiruiefisfitdamaumulaugs erdullaagtsvdinasiluiinisuazauey
Haamyimdoogls udlidioiunsuiaveads nguonsulisinagnevaussiosnduiaansldlifidesananzusayiiu
Tudoriuazueayiiuirluiiaans msliueayiiumsvasnideadsiuseamunsadinussdvsnmeseduiaangldlaoiams
Tusefiszauueayiludendinn lsasd endudaanaiduilivesuaziivsslovilunssnuiinelivanslsn iAo
enfuilaamzAneliiAnnainafsdduossuiu wmdIansiinnuiaudilafeivedudaanydueged

v

Adaey: erdulaanie, nalnnisesngns, nnwsesiseduliaanie, Wilae, anuduladings

feamsanuIiuatudnge un. ussen Ananuasy uwunlsaln 01AT110185MIANT AMLUNERIARSITINEIUIATINIFUA
UNINGIFEUTAD 270 QUUNTETING 6 WATIVNT NFUNNENINAT 10400 Email: bunyong.pha@mahidol.ac.th

unin nalnniseangnsvesendudlaanie

griuilaaniy wuneds erfleangriiiuviunaiaanie 1. sudaameieangiiiunstuludion (natriuretic
ﬁﬂisﬂmﬁmqﬂﬁﬁﬂhﬂﬁ%’ﬂmﬁﬂastaJ‘{J’aﬂq%wa’mﬂizﬂﬁ diuretics) enudaanvanilugjoengriskiunalnd Liesn
unanuiiaznanienalaniseangnd mevszgndldendu  lmRemBundousfifinnigeluamimesiumeioguenased
Yaanzlunnizeang 9 9198umangiudislsedng sauda LLazagj’lwaamﬁamImssnLwiamﬁmzlﬂaaﬂqmés“m&mmm
naTABeITutaanzuaazsn ndulsFeniivhumiasing 4 vewisla'?
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1. enftoongmisiivielsdrusiu (proximal tubule) viela
d’;ué’fmﬁu@ﬁLmﬂqﬁﬁmmmﬂé’ﬂmawmﬂﬁq@
fefovay 65 enfloonguinmunisiaglududs
n1svinauveseulesl carbonic anhydrase
Fadunumdrdglunisgandulaifionuay
luansusiun (Ul 1) enguilléud acetazolamide
way methazolamide fudimalnadrudu
%Lﬂw‘hLmﬁqﬁﬁmiamﬂﬁuimﬁwumﬁ'qm
uignauinduiinysinataanglfifeadnios
LﬁmmﬂﬁmiiJ%“Ué’fm,ﬁmmﬁ@mﬂé’uienlﬁwﬁviaim
drutasuny snguilinazgninlulinisnain
Tudousddu wu audilunginandsuegs ua
ANNAUGNAES

Proximal tubule

Lumen Blood
Na+ Na+
NCO, +H" H* 4—‘—> 3 NCO,
H,CO, N,CO,
3 Na*
CA V| —— Acetazolamide —|T CAll
H,0+CO,——> CO,*H,0 2K

N

gﬂﬁ 1 ﬂﬁiﬂﬂ?iaaﬂqw“ﬁﬂladmﬂﬁu carbonic anhydrase
inhibitors MMalad@ausu CA, carbonic anhydrase; NBCI,
sodium-bicarbonate cotransporter 1; NHE3, sodium-

hydrogen exchanger 3

2. witvengridfivieladiu thick ascending limb of
Henle loop Waladruiifiunuivlunisganay
loifansoauaz 25 ek 1uy9In1g Na-K-2CL
cotransporter (NKCC2) enfioanguisiiudatesyai
Arengu loop diuretics laun furosemide,
bumetanide, torsemide (31]17; 2) mnq’mﬁﬁ
UsgAvBammannilgainaenissudanisgandy
Tdenfisundsiiildmududureaifodeseu
7ol (medullary interstitial concentration)
anas denalimnuanunsolumaganduiiiviels
drulansanasluse

Lumen  Thick ascending limb Blood
N —ej—m
2 ClU — Loop diuretics
K+

CaSR ‘

@@ K* 3 Na" ——p

2 K*
Ca2+ ;
Mg2+ ;

- h

2 nalnniseengnsvessingu loop diuretics

=

sUn
v

1

vielaaau thick ascending limb of Henle loop NKCC2,
sodium-potassium-chloride cotransporter 2; ClC-Kb,
chloride channel subunit Kb; CaSR, calcium sensing

receptor; ROMK, renal outer medullary potassium channel

3. wfivengviddivieladiutats (distal convoluted
tubule) elunguilfesngu thiazides léun
hydrochlorothiazide, chlorthalidone, indapamide
uay metolazone Tneluaangnssudinisveu
Y99%89113 Na-Cl cotransporter (NCC) Faglumum
Tunsgandulsifivusesas 5-10 vosienun
(Uil 3)

Distal convoluted tubule Blood

\
—|Z|c-|<b ct

Lumen

Na*

— Thiazides

ct
ca? 3 Na* ——
Mg2+ 2 K+

5U# 3 nalnnseengrisvesengy thiazides fivioladautane
NCC, sodium-chloride cotransporter; TRPV5, transient
receptor potential channel subfamily V, member 5;
TRPM®6, transient receptor potential channel melastatin
6; ClC-Kb, chloride channel subunit Kb
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{ s 1

4. mﬁaaﬂqw%ﬁwaawﬂmwé’ﬂ (principal cell of

collecting duct) fifuisaangws 2 fumis

4.1 aaﬂqwéé’ué'jy’amiaaﬂq%%“uaﬂaaﬁuu aldoste-
rone lgin spironolactone, eplerenone

4.2 aaﬂqwégugqﬁaqun epithelial Na channel
(ENaC) leitn amiloride, triamterene

m%é’fugﬂmiﬂmﬂé“uisuﬁauﬁviaimﬁﬂLmu'm’f Azl

Anaann1sTulNUNATEURIUTDN9 renal outer

medullary potassium channel (ROMK) mﬂ?juﬁl

Fedmdu potassium-sparing diuretics %28an

mMaAnnnenunadeuludond (Ui 4)

Cortical collecting duct

Lumen Principal cell Blood
4 )
o' o > —BEBRE (oo

Mineralocorticoid
receptop

I 3 Na*

Spironolactone

4—+Aldosterone

—

o}k
\

2 K*

g‘lJ‘ﬁ 4 ﬂaiﬂﬂﬂsaaﬂqw%‘maqmﬂq'm potassium-sparing
diuretics Mwaavialanan ENaC, epithelial sodium channel;
ROMK, renal outer medullary potassium channel; ClC-Kb,

chloride channel subunit Kb

2. &Jﬁuﬁaaﬂsﬁaaﬂqw%fl,ﬁumﬁuﬁ;ﬂ (aquaretic
diuretics) 1nguiifie vaptans lagluaanquidudasag
V2 receptor fiusnmmiala collecting duct vilwsaslum
arginine vasopressin VLz.Ja’lmiaaaﬂqwétﬁumﬁ@mﬂé’uﬁ’]

WS aquaporin 2 161 (gﬂﬁ 5)

Medullary collecting duct g|4og

~

Vaptans —-|-
V2R “Vasopressir
ATP\'AC

cAMP

\ Protein A/

Kinase A
_J

Lumen

H,O AQ2

N\

gﬂﬁ 5 ﬂﬁlﬂﬂﬁi@@ﬂgﬂémaﬂaﬁﬂdm vaptans AQ2, aquaporin
2; AC, adenylyl cyclase; ATP, adenosine triphosphate;

cAMP, cyclic adenosine monophosphate

3. priuaanziioongrdlaenisiiudignasanslu
Haamy (osmotic diuretics) snguiliiumsiifiquant
gedluandd (osmolality) g gnnsesnunszynvaendonteyln
(glomeruli) LLa%iﬂQﬂ@jﬂﬂﬁuﬁViaim ldanineluviela
fiooalumafguuazisilineluvieln smnguildud mannitol,
glycerol uaﬂmﬂﬁmiﬁﬁ@mamﬁL‘T]uﬁagﬂazmaqa (hypertonic
solute) ldeniiludsaiolndanly (medullary blood flow)
dtusardaermudutureadeifeseuvielaeontly Feay
dwalernuannsolumaganduihivelpdiumeanaduse

n1sUuAlvesTInesaendulasnie

idosrmeldFusndutiaamzasinisusuiiiodnuanna
asiflusumelnenergmdunisganduledon (Uit 6)
wUseonidu 2 Usingnisel”?

1. Post-diuretic sodium retention \istuviuivaslasu
m“ﬁ’uﬁaanzL.wiam%u’ﬂmaLﬁaﬁﬂ’rﬁqz:gl,ﬁsa'mfﬂmm’wma
FUIUNN SzUVUTEAmMERLUTR sympathetic Lazszuy
g95luu renin-angiotensin-aldosterone azﬁwmmﬁwﬁwﬁa
unsganduluifeusawediuigydely

2. Braking phenomenon inann1sususvesviols
daudu q Winsgandulsfeufisunaunu daufign
grfudiaanzdudamavhanly

fadunsldendutiaanylnlduaimshsmiunsdiin
UsnaundeluemsmeiaueiiteluliiAnnisganduladen
atulF uenanmstimstondutiaamslunneiigau nslin
feongquisemvematimssiuazvaneass rudsnisldendy
eemevanestinfaiuastoiansAvinmlumstulasny
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24 hr
1
100 - —

2 800 - ] Braking
£ - phenomenon
S 600+
'EJ" —
o
@
o a0 — |1 L N
- Post-diuretic
£ 200+ sodium retention
] Isliiniinninnsn

0

D D

D D

JUN 6 Ysinaunstulsfeunidaansluwiasdnnamasiasuentulaanymale 9 asa D, diuretics administration

nsnevsuaIwazAIzResastuilaas
mwauauam'aa’wﬂ’uﬂamwﬁuag'ﬁ’wummﬁlﬁ%’u
(dose-response relationship) Tnofidnwuzidudulas
sigmoid curve nandelugiusniiseduetsin 4 aziing
semstuleionvesatosnn audlessiueniutudeseiu
nsedu (threshold) U3manisduladouazifistulduin
musEiueTILTY Wutiadunsmiaudugege waziile
gnfutlaamyeengriiiuiing (maximal effect) Mawfiusgdu
g1azhifnaifiunsiuladounsladndelyt 2
amviesesdullaan (diuretic resistance) Mg
azfilanevauewisendulaanzanas nanAeladuluion
sonunldtfosauilolfetutiaanylurunamingy Jagiu
Falaififonidanu msfasammawngduiinuldvesneu
IouA nsitadelsain gUielusudsemuen wavUaglale
$rtansuslnainde wnlswuamamedtsinsanmanig
vesnnvhesesduilaanyfadisei 2
1. Yaymmandaaurans (pharmacokinetic problems)
1.1 n3geduendudiaanizanas iinaniBeydld
vt
1.2 m’mmauﬂﬁﬂmﬁamﬁ"q Wesanedudaans
Hdnehunmsduiulusiuueayiiuludengisiouay
90-95 nmzwoayiuludenddsihlinisesngs
vesgiullaanizanassinmssivesarstnesnly
Tuilofevenvasndon dwmalvnisnszaned
vesg ANty uaznsmetudaaniyldesngns
fiviolmanas
1.3 MsiAndunsizenseninen Weswinnsesngn’

GummﬁiTUfJaanmzLﬁm%ul,ﬁaa”ugﬂﬁuaaﬂmwialm
NUYBINIA organic anion transporter (OAT) hag
multidrug resistant protein (MRP) ansdndu il
Enu,azmi'wmmjﬁmgﬂsi'fuaaﬂmumwiawwﬁ
ity sndaeldfuemarisudasasugaiy
g1fudaanirlunsiueenmaieladielueangms
gviseansvaniilaun probenecid, uremic toxin
1.4 Amzueayiiudmatiaanis (albuminuria) silvien
Fuilaameignivesnumavielaluiuriuueayiiu
Tudaanzuarldannsooengndls
2. Jgumandsnaaians (pharmacodynamics
problems)
2.1 meususmaslaumaslasueduilaane (physiologic
adaptation) fafinaaludnasiu
2.2 AMEU ﬁy’amm@mﬂﬁﬂmw Aunds wsengu
ansunlnlsiin (nephrotic syndrome) afinan
unnsewasansinaelunasniden (ineffective
circulatory volume) @IHansAUNITVINIUVDY
SEUUUSEaMonludR sympathetic Laysguy
g95lUU renin-angiotensin-aldosterone yil#ALAn
mapanduansiuaslefoudlofiuiu
2.3 nzlanng nuInsnevauesesetullaans
seandiiesnsinisnseswesla (slomerular
filtration rate: GFR) lallgluasuuvasly usidosann
dnsnInTatanasivilinaTInvesnstulaanie
26 Faufinvurngtaanisuanduiiioll
Iinawinifis (Uil 7)

anay
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Normal

Decreased
maximal effect

Chronic kidney
disease

H Higher dose required to
/" achieve the same response

Urinary Na excretion (mmol)

Serum concentration of diuretics

UM 7 msmevavasdesdudaanizlumstuluiiounis
lamuszaumnuuduresetupuuniiusoudisuiudvae
Afn1sviauvelaunnsas

2.4 m3lgFuedunssnaviildladiosesd (non-
steroidal anti-inflammatory drugs; NSAIDs)
wenanaziinaannisivadeuvendeniidun
Aodlaud Selududinsadiians prostaglandin
il PGE2 Gafiunuivluniseangndvesendy
Yaanizngu loop diuretics dowadvialndiu
thick ascending limb of Henle loop Fsdanalit
Anuausatunstudaanizanas’

n1suszendldendulaanienendiin

1. aziilanne

Tuvaeiilaneiifiamgansiiluseniediu uugdild
Snwdeedutlaanizngu loop diuretics Wususn uaz
msidenuimseanasadend lufithelingldzuedu
Jaanzunoun1sBunie furosemide MsviaanIdansd
quIn 20-40 faansunselfisuini dau@ﬂaamé’%m&ﬂ’u
Jaamzogudn msdsunmsuimsedumanasaidend
Tuuna 1-2 Wi vewunRuTegldsu ndsanduussiiune
M3Snwndt 2-6 Falus Msnevaueinasivsunadaans
sty 100-150 fladanssedalus wazUSunaliesluaans
11nA71 50-70 fadluasedns winnanssnwnduluaiu

Fullaanizgiseauindy wirnniseevauadididuluaiy
ﬁ v

AenIewANzasi luseneiudldATuRansaunlren
{ va a I '
pan SRR UIReTY 2 Wwin

3,57

INASANEINUINNSRNYUIneTulaagluuinnin
2.5 WinvasuuaLAY @unsainusunadaaiglauinnia

uAB1NSNIAATNlLuANANTY SufuAnrat LAgsABN1IE
Taneunnnin dumsuimsemeaenidensuuuniansn
(intermittent bolus) fukuuseiiies (continuous drip) 1aid
ANuLananululdresUsnalaany 9nsneratn wag
Aglanng egrlsiaunsusmsenlagliniavasnidendn
Turnegai (loading dose) wdmusemsliuuusieles
anunsanfinUSnadaanslduinnin®®

SnnaSlumsiinyszansnmaesendulaansienislden
natevingaunu (sequential nephron blockage)” >’
desnnnisususmestandslasueduilaanslaonisiiiu
Qmﬂé“uisuﬁ&mﬁviaimﬁumﬁﬁuﬁﬂﬁwamﬁuﬂaaﬂsamm
atfunsliedulaansvaneiinsuiuielueengrsduds
ms@@ﬂé’ﬂiﬁdlﬁamﬁﬁdwma 9 AundanTeNiu JsEwnse
dWinUszansamlumstutlaansle fn1sfnwratuayudn
nsldentulaanizngy loop diuretics saufivandutaanis
ginduansafinuSunadaansla ! fanisszife
nathadesiunntulaganiznnzlnumadosludess

2. azanusulaings

WeSaITINeIveINITinnIEAURulalingIUsEneu
AIEANATUNIUNADALRAFIUUAEIMATAIZINAB LAY
asthlusnenieniu grdulaanzIgnihanldidueanaiy
suladinld Insendutiaanziifidoyaatuayulszansnm
lun1sinwianizaudulaingsfies1nay thiazides™
wvansUiTRdwlnguusiendu thiazides Hunils
Tuvuuusnlunsinwinzanuduladeluguieladl

B0 6911nn1591191989 MUNnS 89aus A

Fousdsimzau
nsnsesvadlaandindt 30 uudeundt e1ngu thiazides
sgilsrdvBamlunistulaanee uusilildeingu loop
diuretics wnu'

amganudilafingsiinoronisiny nanefsanedlsl
anunsaruauanuiulaialien 140/90 1 Usen vdan
Fsumssnudensufuldeunginssunagldfusnanay
suladisluruafinzaueteos 3 via lnedenduilaans
Dunilsludunds®* 91nnnsAnwmuinen spironolactone
anunsnanausuladindiulddn 8.7 uuusen Wisuisy
nsldenananuulafinlungy beta-blockers %5e alphal-
blockers dsanainuduladinlddn 4 uu.Usen’ wwni
nUuRdulvaRuugiilvlge spironolactone 25-50 un.
Tunssnwnmei >

3. mzlanedeunau (acute kidney injury)
griulaanzeeduiiavlatneaiivsglevilunsinunnie

Taedeunau’® frgwuifnInishg1tudaaiylududs
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N19919UY09Y 0 gANTUlBAEU AU 9 Azan 2. aMzndsusiaung

AN uvewaaralals waznsiiuUsSuulaane 2.1 angladsuludensiiunnzinulauasainnis

Tinnduoastessdrnenenuadvelafimelivanaen
oonlU ann1sganduesiela (tubular obstruction) w9 N
nssusumsfnymuInsidedutaanylugiaelane
WeunduldauisadivandnsnisideTiavseanududu
fostndanaunule (renal replacement therapy) 1"
ﬁqlﬁLLuxﬁ’flﬁ"LGﬁm%’Uﬁaanﬂumjﬂwlmwmawwﬁmﬁa
wawavzasnistrvanaunule Buwdarldiieshwaiie
anstlusamaAu®

uaﬂmﬂﬁmﬁuﬂaanzé’aﬁﬂiz‘[wﬁluwEﬂﬂiiﬁiﬂiuﬁﬂ’m
Tanedoundussesil 1-2 wulmaslien furosemide 919
viaandansluvug 1-1.5 un. devhuingauiienn. winU3una
Yaanei 2 Flusdosndn 200 wa. @wnsanensailonia
fnanodularedoundussezii 3 niesndudestitn
naunulalddigauaziniinisnsaiadiudniedanm
(biomarker) ﬁﬁa;&ﬂuﬁ%ﬁ;ﬁuzo’ a

4. TsalaiEa%s

Iur{{ﬂwkﬂlmL'%@%waauauawiamﬂaansamamﬁn
ﬁacﬁaﬂ%’aﬂwmmqﬁmﬁﬂﬁlﬁmwawi’nﬁu wagUszansnn
qﬁqmaqm%amaqnﬁﬂuﬁﬂwﬁ?ﬁlﬂ yananedulaaniy
awtemuauasiluieniewd msliordudaaslugioe
Tselndesissasneiifasudonaunulauasdalidaans
(residual kidney function) anunsasfinusunadaaniy
wargzaonsgadenisineurestald® 2 sgidlsinunui
grtuilaanylalagiefiunisvdnveads (uremic toxin
clearance) usngnela®

5. naueInsunlunsiin

m’;zLLaagﬁuTuLﬁaﬂﬁ’lLLazﬂ’lsﬁLLaagﬁu%ﬁaaﬂmTu
Jaanzdwmalinisnevaussnosrdutaaizanas nsli
woayiunamaeaiiendsiuivetuldaannzaiiuselevd
slurgﬂwﬂfjuﬁimaLawwﬂuiwﬁﬁxﬁuLLaayﬁﬂuLﬁamﬁ"m’i’]
20-25 NSUADAAT 21NNTTIIVTINAITANYINUINATIEN
Futiaangsmiuusayiiummasadonslugiieifane
LL@ﬁgﬁﬂULﬁ@Wﬁﬂ’]MiﬂLﬁuﬂ?mmﬁaa’nzLLazmi%’UISULa&m
71 6 Sludlgmnninistienduiiaansfissegaion ogasls

ApunuinuSunatlaanizn 24 Flusldunnsnaiu® >

nad9iAgsvasendulaanaz®

1. A128319018919@1587 1AR9nAsyi L aaniy
panu1niuly 'vmﬂi'wmammmsﬁﬁuLmawﬁﬂﬁﬁam
TWideslnanasuasiinnnglnneannisvinansiild

Tendulaanizlasiamesingu thiazides ilasain
lugudanmagandulmfeuiivieladautansdady
druiviminfidessdaany (diluting ability)
dannifinnigly 2 danviusnveamslden lae
wunwillévostu guds faeeny uasiitiming
Yoy vauzflelungs loop diuretics viliAnn Y
Tndenludendldesndt iosnniseengns
fiviolndau thick ascending limb wenaInaz
demuanansatunisiieatagnzuds dwili
armtuturenieifeseuriolnanas deazdwma
anauatunsalunisgandvindvielndau
collecting duct sgayideauanunsalun1svinly
Uaanaz13Uu (concentrating ability) s veada
ndununnglusedluidenas (hypernatremia)
nMsl¥engy loop diuretics wnu

2.2 anelnunaeuluidonsi 1Anann159anand

yoagrdutaanzitlugudanisganduleioy
firuniading q vewiels ilduiualuies
fludevieladiutans (distal sodium delivery)
fiUsinasnniuuazgnanndurIuMeTasg ENaC
Foavdamalivszanelueladuavinniu uas
finsfulnunadeuiivoonusutoms ROMK
uﬁﬂ%u EJﬂL”J'uEJ’fLuﬂﬁju potassium-sparing diuretics
ﬁaaﬂqwéﬁus‘j”’mﬁ@ﬂﬂé’uiévlﬁwﬁsdaama ENaC
Foilinstulnunal@ouanas Laze1ainn1e
Tnunadeslufonadld

2.3 nzwunilweuluidand nlaainnisidendu

Haanziiaeing Tavengu loop diuretics @9
TUudansvieuvesdosms NKCC2 fvieladau
thick ascending limb of Henle loops @swali
LiAansmyudeulnuna@enesnuiluvialariu
¥94n19 ROMK uazlshinnudulszquiniu
meluvisladefinnudnPusonisgandununiiGen
ez LAAEINNIUTDINITENINaR (paracellular
pathway) @8N thiazides luoongudiiviels
drutanvaziinaliidenis transient receptor
potential channel melastatin 6 (TRPM6) U336
anasdsnalinisgandunundi@sun1uigad
(transcellular pathway) fviolasunisiianas
LLa%LﬁiﬂmiajﬁgL?iEJLLiJﬂﬁL‘?IEJlJVI’Nﬂﬁﬁ’DS@ﬂﬂ%u
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2.4 amzuea@osluidongs (Junadrafediine
nau thiazides tJuman ilasninnnssudanis
gandulsidsuiivielndutaazdsnaliinnis
AANAULAAITEUA LA N19YBINTN transient
receptor potential channel subfamily V,
member 5 (TRPVS) tfissdu uenandnisliendy
Haamefunanuauiumeiianiiznaisi
szlunsedunisgandunaaldeudivioladudy
Wiutuse vnedienndsl loop diuretics nduvhls
msduuaadeumsdaifitulaglusudanagandy
wWAATBUNIUY0IN9TENINNTaRAINalNT 196U
Jagninanlinwnnzuaalesludengs

2.5 amwdendumfinnnuatetade Wun nsayde
ansilusenmeunnitimalluasueiuarils
armduduradluasuaiumifisdu (contraction
alkalosis) nazlnunadesludonsiiaglugud
M9¥191uY8a Na-K ATPase TuisadvilusilsiAn
nsfsedmisunigluead nsgdunsiaues
Na-H exchanger thnsamaduntu usnaini
aglnunadesludesddafiunistunsedile
Waun1snszdunisassuenluidominiy
n13nseRusesluy aldosterone 31NN1IEVIA
arstlusnene wagnsiiuiualudeudilud
siolodrulansunniy

3. anensagintuidengs innentulaaneluugeiu
nsnginlunisiuoeniivielarutomwnadeatu wazdeinli
miamﬂé’mmﬁﬂﬁﬁdmﬁuﬁu wenniinsledutiaans
ufnnnzvnaninlunsgdunisgandunsnginiiviole
duduinntuse

4. amegtmaludengs nuiduwadrafeswesengs
thiazides [undn ausAgnuininananglnumadousny
nanudssaannsndssesluuduyduiiduseu uon9INg
amzvInarTiilusaniefinsefussuulszamsnlus
sympathetic dsdaaannisiinglaalulivessaddunas
ndunile

5. anegyvuin wulueingy loop diuretics lnglany
nslisuenturnags guefiimsvhauvedaunmses gie
Afanzusayivludend visldsusuivenduiiiuee
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Benefit of add on low dose oral tolvaptan to loop
diuretics among patients with acute
decompensated heart failure:

a randomized controlled trial
Ratthaphon Chitthai, Jingjo Saisa-ard, Pitchamon Inkong,

Amnart Chaiprasert, Naowanit Nata, Pamila Tasanavipas, Narittaya Varothai,
Paramat Thimachai, Ouppatham Supasyndh, Bancha Satirapoj

Division of Nephrology and Division of Cardiology,
Department of Medicine, Phramongkutklao Hospital and College of Medicine

Abstract

Background: Arginine-vasopressin levels are elevated in acute decompensated heart failure (ADHF). Standard
dose vasopressin antagonist increases free water clearance and improves ADHF symptoms. However, limited trials
were conducted of low dose tolvaptan with standard loop diuretics in ADHF.

Objective: The study aimed to evaluate the effect of combining low dose oral tolvaptan and loop diuretics
compared with standard dose loop diuretics in hospitalized ADHF.

Methods: A randomized, open-label, controlled trial was conducted among patients hospitalized with
ADHF within 48 hours (N=40). The patients were randomly assigned to receive oral tolvaptan 7.5 mg once daily plus
standard intravenous furosemide (n=20) or standard intravenous furosemide (n=20) for three days. The endpoints
were changes in ADHF score, fluid balance, body weight, and plasma sodium from baseline up to 3 days.

Results: A total of 40 patients with ADHF completed the trial. Altogether, 52.5% were male and average serum
creatinine was 1.73 + 1.06 mg/dL. Compared with the control, tolvaptan add on therapy for 3 days improved
ADHF score [mean difference -2.05 (95%Cl -3.78 to -0.32)], increased urine output [mean difference 2,620 mL
(95%CI 873.82 to 4,366.68), reduced body weight [mean difference -1.42 kg (95%CI -2.43 to -0.41)], and increased
plasma sodium level [mean difference 3.75 mEg/L (95%Cl 1.23 to 6.27)]. No differences were found in the
cumulative dose of furosemide, changes in renal function, hypokalemia, and metabolic alkalosis between treatment
and control groups.

Conclusion: Short term treatment with low dose tolvaptan (7.5 mg/day) added to standard therapy
effectively improved ADHF symptoms, and fluid balance without worsening renal function or producing serious

side effects.

Keywords: tolvaptan, heart failure, hyponatremia
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Characteristics Tolvaptan Control
(N=20) (N=20)
Age (years) 68.0 + 17.0 72.0 + 10.0 0.44
Male, N (%) 12 (60) 9 (45) 0.34
BW (kg) 66.5 + 20.9 69.2 + 133 0.63
Body mass index (kg/m?) 23.94 + 6.34 25.57 + 4.45 0.35
LV ejection fraction (%) 35.0 £ 16.0 46.0 £ 19.0 0.04
Cause of heart failure N (%)
Myocardial infarction 15 (75) 10 (50) 0.10
Dilated cardiomyopathy 8 (40) 6 (30) 0.51
Hypertension 1(5) 6 (30) 0.09
Sepsis 3 (15) 2 (10) 0.99
Arrhythmia 2 (10) 2 (10) 0.99
Anemia 0 (0) 2 (10) 0.49
Chronic kidney disease 0(0) 1(5) 0.99
Underlying diseases N (%)
Hypertension 18 (90%) 19 (95%) 0.99
Dyslipidemia 16 (80%) 17 (85%) 0.99
Diabetic mellitus 10 (50%) 11 (55%) 0.75
Chronic kidney disease 11 (55%) 7 (35%) 0.20
Ischemic heart disease 9 (45%) 5 (25%) 0.19
Dilated cardiomyopathy 5 (25%) 3 (15%) 0.70
Stroke 4 (20%) 2 (10%) 0.66
NYHC N (%)
Class Il 8 (40) 7(35) 0.99
Class IV 12 (60) 13 (65) 0.99
Medications
ACEI 2 (10%) 3 (15%) 0.99
ARB 3 (15%) 9 (45%) 0.04
CCB 7 (35%) 11 (55%) 0.20
BB 10 (50%) 8 (40%) 0.53
Furosemide 10 (50%) 12 (60%) 0.53
Dose (mg/day), mean + SD 88 + 88 43 + 24 0.15

w1eing) JoyarnauelusuvesTivau (Fegay) uarAade + FIUTgUUNNINTIY
ACEl ; angiotensin-converting enzyme inhibitor ARB; angiotensin receptor blocker CCB; calcium-channel blocker BB;
beta blocker
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Blood test

(N=20)

Tolvaptan

Control
(N=20)

BUN (mg/dL) 32.3 +19.0 275+ 153 0.39
Creatinine (mg/dL) 1.82 + 1.11 1.64 + 1.03 0.60
Sodium (mEg/L) 136.0 + 5.6 136.9 + 4.1 0.58
Potassium (mEg/L) 4.04 + 0.55 3.96 + 0.38 0.57
Chloride (mEg/L) 98.7 + 6.6 101.6 + 6.6 0.17
Bicarbonate (mEg/L) 235+ 35 211 +52 0.09
Albumin (g/dL) 32 +045 3.25+£0.49 0.73
AST (IU/L) 35.4 + 20.6 55.6 +49.1 0.10
ALT (1U/L) 27.3 + 28.1 39.2 +34.2 0.24
ALP (IU/L) 141.4 + 168.0 102.0 + 48.9 0.32
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Urine volume Mean difference (mL) 95%(Cl ‘ P-value
Day1 1,283.5 415.8, 2,151.2 <0.01
Day2 512.7 -110.7, 1,136.2 0.10
Day3 824.0 267.6, 1,380.4 < 0.01
Total 2,620.3 873.8, 4,366.7 < 0.01
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Tolvaptan Control P-value
(N=20) (N=20)
Change of serum Creatinine (mg/dL) 0.16 + 0.60 0.16 + 0.45 0.97
Plasma HCO, (mEq/L) 259+ 39 265+50 0.66
Furosemide dose (mg/day), mean + SD
day 1 187 + 157 177 £ 134 0.82
day 2 184 + 197 207 + 123 0.65
day 3 140 + 144 233 + 178 0.08
Total dose 510 + 472 616 + 400 0.45
Side effect N (%)
AKI 5 (25%) 6 (30%) 0.72
Hypokalemia (K <3.5 mEg/L) 4 (20%) 1 (5%) 0.34
Alkalosis (HCO3 >26 mEag/L) 11 (55%) 11 (55%) 0.99
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Tacrolimus dose prediction during the perioperative
period among Thai kidney transplant recipients
Arissara Lerkchavee, Natavudh Townamchai

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

Abstract

Background: Tacrolimus (TAC) is the cornerstone of immunosuppressive drug therapy after kidney transplant (KT).
Achieving target TAC concentrations as soon as possible is crucial, especially during the early posttransplant period.
Too low or too high tacrolimus exposure can lead to unfavorable complications. This study aimed to develop
an equation to predict achieving target tacrolimus dose used at days 3-5 of postKT surgery.

Methods: A retrospective cohort study was conducted at King Chulalongkorn Memorial Hospital, Thailand. We
divided subjects in 2 cohorts; the first developmental cohort was KT recipients from 2015-2018 and the second
was a validation cohort from 2019-2020. The dose prediction model was developed based on exponential function
due to nonlinear association between target TAC dose (mg/kg) and 12-hour level after the first dose (TAC Clz).
Results: A total of 206 KT recipients was enrolled, 140 KT recipients in the developmental cohort and 99 (70.7%)
deceased donor KT recipients. Mean TAC dose used days 3-5 post-transplant was 5.8 + 1.9 mg/day in the developmental
cohort the same as the TAC dose used in the validation cohort 5.8 + 2.1 mg/day. We calculated the dose of TAC for

achieving an average therapeutic level of 8.5 ng/mL days 3-5 post-transplant involving the equations below.
Adjusted TAC dose days 3-5 (mg/kg) = 0.2588691* TAC C_ ““"***" * Hemoglobin %%

The R’ of the developmental cohort was 0.3125 and that of the validation cohort was 0.2929. Mean absolute
error (MAE) of TAC dose was 0.0392191 mg/kg.
Conclusion: The TAC dose prediction equation developed from clinical factors, could guide nephrologists to adjust
TAC dose during perioperative KT among individual patients and this optimization could reduce both TAC toxicity

and KT rejection rates.

Keywords: Tacrolimus, Dose prediction, Perioperative period, Kidney transplantation
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Background

Kidney transplantation (KT) is another method of renal
replacement therapy, significantly improving survival rate
of patients with long term, end stage kidney disease. It
requires using proper immunosuppressive drugs for KT
recipients to reduce the incidence of rejection. In the
1980s, the results of organ transplants, particularly kidney
transplants, changed because of developing one of
the most crucial immunosuppressive drugs; calcineurin
inhibitors. It increases the survival rate of renal allograft
and patients undergoing KT." However, calcineurin
inhibitors were found to produce significant side
effects on the kidneys as well, that is, the occurrence
of calcineurin inhibitor nephrotoxicity.” This could lead
to acute kidney injury and permanent loss of kidney
function. Lower tacrolimus trough concentrations were
associated with increasing the risk of acute rejection
especially mean trough levels within the first week after
transplant.” When a recipient is required to receive a high
dose of calcineurin inhibitor for the first time, it becomes
more likely that calcineurin inhibitor nephrotoxicity can
easily result creating worse graft outcomes.

Currently, the most commonly used calcineurin
inhibitors are tacrolimus (TAC) providing better survival
rate and graft function than cyclosporine.*” Because
this medication has several important pharmacokinetic
characteristics, the narrow therapeutic index and large
inter- and intrapatient variability, using this medication
with caution is suggested.*” In practice, the blood level
of tacrolimus of all patients undergoing KT is required.
Many factors may affect tacrolimus levels such as age,
sex, ethnicity, body weight, hemoglobin, albumin, use
of concomitant drug interactions against tacrolimus such
as calcium channel blocker or fluconazole, but not all
factors can have significant effect on drug dose.*” In
addition, several studies of genetic polymorphism of
cytochrome P450 (CYP3A5), indicated its importance for
the metabolism of tacrolimus and have been considered
one of the important factors affecting the drug level in
individual patients." Another factor is TAC C_; tacrolimus
levels at 12 hours after taking the first dose, and before

receiving the second dose, where studies have found a

significant correlation with tacrolimus dose postKT
transplant surgery at day 7."" Due to significant correlations
with TAC dose, so benefits of TAC C can include posing
a good representative factor for predicting TAC dose used
during the early postKT period.

According to special pharmacokinetic factors of
tacrolimus, this drug needs to be individually adjusted in
KT recipients. Therefore, models or equations have been
developed to determine the dose of tacrolimus used
for patients receiving KT in many studies. The objective
of all studies is to increase efficiency in finding the most
suitable tacrolimus dose for each patient and providing
the therapeutic level as quickly as possible for the best
immunosuppressive status in early postKT surgery. Each
of the related research results can be applied in a
correlation, or model, to predict the dose of the drug. As
a result, prediction methods should be used in Thailand.
They must be carefully selected. and having a prediction
equation that could be especially applied in Thai

populations would prove beneficial.

Objective

The current study aimed to develop an equation to
predict dose of tacrolimus used during the early postKT
period days 3 to 5 for use in Thai patients receiving KT.
The study also determined important factors affecting
tacrolimus dose during the early KT period requiring
high accuracy regarding tacrolimus level to suppress the

immune response of patients.

Methods

A retrospective cohort study was conducted at King
Chulalongkorn Memorial Hospital, Thailand. Subjects
in this study were Thai patients with end stage kidney
disease undergoing KT at King Chulalongkorn Memorial
Hospital, from January 2015 to August 2020. All KT
recipients were >18 years of age using tacrolimus-based
immunosuppressive regimen at the time of KT. We
excluded patients who previously received tacrolimus
to treat another disease before KT, patients who received
multiple organ transplantation, patients presenting side

effects from tacrolimus and those having to change
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tacrolimus to other drugs during the early immune
suppression period. We also excluded patients receiving
preconditioning protocol longer than two days before
KT because the patients may have adjusted TAC dose
more than once before surgery. The patient’s data were
retrospectively obtained from medical records for analysis.
The study was approved by the institutional review board
of Chulalongkorn University (IRB No. 884/63).

All patients received an immunosuppressive regimen
based on tacrolimus (PROGRAF®) and mycophenolic acid.
We used 0.1 mg/kg of tacrolimus for the starting dose
of tacrolimus, then followed by a maintenance dose of
tacrolimus twice daily. After the patient received the first
loading dose of tacrolimus, we manually tailored the
maintenance dose adjusted from TAC C12 then followed
by first measuring a predose concentration of tacrolimus
(CO) days 3 to 5 after KT. Achieving the target of
tacrolimus C, level involved 7 to 10 ng/mL at the
first week after KT. Demographics and clinical
characteristics of the patients were recorded and
including the factors affecting tacrolimus dose used
during perioperative KT.

For internal validation, we divided this population
in two cohorts; the developmental and the validation
cohort. We developed a dose prediction model based
on the association between target TAC dose days 3 to 5
(mg/kg) and 12-hour level after the first dose (TAC C ).
The potential correlation factors of TAC dose such as TAC
C1z’ hemosglobin, serum albumin, serum creatinine, strong
concomitant drugs and BSA were selected. Variables
were selected and covariates were regularized using a
LAZZO regression model. Finally, the model performance
was tested in the validation cohort and results were
presented in adjusted R-squared (R?) and Mean Absolute
Error (MAE). Statistical analyses were performed using
STATA® (StataCorp. Version 16.), R version 4.0

Results

A total of 206 KT recipients were enrolled. The first
developmental cohort comprised KT recipients from
2015 to 2018 and the second was the validation cohort
from 2019 to 2020, which totaled 140 recipients in the
developmental cohort and 66 recipients in the validation
cohort. Altogether, 99 (70.7%) deceased donor KT
recipients were found, with mean age 44.2 + 11.8
years, males, 57.1%, body surface area of 1.6 + 0.2 m’,
hemoglobin of 11.2 + 1.7 mg/dL and serum albumin,
3.7 £ 0.5 mg/L in the developmental cohort. Mean TAC
dose used days 3 to 5 postKT was 5.8 + 1.9 mg/day in
the developmental cohort the same as the TAC dose
used in the validation cohort, 5.8 + 2.1 mg/day. All of the
patients’ characteristics are shown in Table 1.

The study found a nonlinear association between
the adjusted target TAC dose days 3 to 5 (mg/kg) and
12-hour level after the first dose (TAC Clz). Also, we
defined adjusted target TAC dose as a dose normalized
with level that achieved the tacrolimus G level of 8.5 ng/
mL (average from 7 to 10 ng/mL). Thus, adjusted target
TAC dose days 3 to 5 (mg/kg) = (TAC dose x 8.5) /TAC level.

In addition, we found potential covariates including
TAC C12, hemoglobin and BSA; all these factors were
selected using a stepwise procedure. Intercepts and co-
efficients were adjusted using the LASSO regularization
technique to identify the most effective factors for use
in developing the model. The two significant covariates
used in the equation were TAC C_and hemoglobin.
Then the dose prediction model was developed based
on exponential function due to the nonlinear association
between target TAC dose days 3 to 5 (mg/kg) and 12-hour
level after the first dose (TAC C12) with selected potential
covariate factors.

The results of regression equations to predict TAC

dose days 3 to 5 postKT are described below

Adjusted TAC dose days 3-5 (mg/kg) = 0.2588691* TAC C , (04773064 * Hemoglobin 0101609
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Table 1 Demographic and Baseline Characteristics of Patients

Characteristic Developmental Validation
cohort cohort
Number of patients, n 206 140 66
Age (y), mean + SD 44.3 + 11.6 442 + 11.8 44.5 + 11.2
Male, n (%) 113 (54.9) 80 (57.1) 33 (50)
Body weight (kg), mean + SD 59.1 +11.9 579 +11.3 615+ 13.1
Body surface area (m?), mean + SD 1.62 + 0.2 1.62 + 0.2 1.62 + 0.2
Deceased donor KT, n(%) 139 (67.5) 99 (70.7) 40 (60.6)
Hemoglobin, mean + SD 117+ 1.7 112+ 1.7 11.0 £ 1.7
Serum albumin, mean + SD 3.7+05 3.7+05 3.8+04
Serum creatinine, mean + SD 9+34 92+33 85+37
TAC dose days 3 to 5 (mg/day), mean + SD 58+ 20 58+19 58+ 2.1
Adjusted TAC dose days 3 to 5 (mg/day), mean + SD 6.7+5.1 72+55 59 +39

For internal validation, the model performance was tested in the validation cohort by adjusted R° and MAE.
The R of developmental cohort was 0.3125 and from validation cohort was 0.2929. MAE of TAC dose was

0.0392191 mg/ke.
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Figure 1. Bland-Altman plot for predicted dose error (mg/kg)

The MAE of the TAC dose is shown in the Bland-Altman
plot; Figure 1. This plot showed agreement between the
adjusted target TAC dose and predicted dose from the
equation tested in the validation cohort. The Y-axis shows
the TAC dose difference; real TAC dose in the validation

cohort - predicted dose from the model equation in the
validation cohort; compared with each mean adjusted TAC
dose on the X-axis. The mean difference dose or MAE
of the TAC dose was 0.0392191 mg/kg and the critical
difference dose was 0.1093 mg/ks.
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Discussion

Tacrolimus, constitutes the backbone immunosuppres-
sive drug in KT over the past decades. A lower tacrolimus
trough level was found to be associated with increased
risk of acute rejection especially in the first week after
transplant.” Achieving the tacrolimus target concentration
as soon as possible was preferred; however, tacrolimus
overexposure may lead to acute calcineurin inhibitor
nephrotoxicity. According to the narrow therapeutic level
of tacrolimus and many factors affecting the blood level
involving tacrolimus, it becomes important to monitor the
drug level to achieve the most suitable target to achieve
the best benefit. In worldwide general practice, the most
common initial loading dose of TAC is 0.1 to 0.2 mg/kg/
day without adjusting with any factor. Moreover, most
TAC levels did not achieve the therapeutic target, even
when the CYP3A5 genotype factor was added; only one
third of patients could achieve the target.'”"” Due to the
higher drug level variability and narrow therapeutic index
of this drug, we need to have a precise prediction method
of tacrolimus dose to predict the most suitable quantity
for use during the early postKT period. In Thailand, most
transplant centers did not employ CYP3A5 genotypes
due to resource limitation although this constitutes one
of the most important factors affecting tacrolimus
dosing. However, one related study showed TAC C,
presented a significant correlation with TAC dose postTK
day 7 as well as for the CYP3A5 factor and may use
TAC C_ as the simple factor to determine the accurate
TAC dose during the early postKT period in transplant
centers which cannot access the CYP3A5 genotype.'
Unfortunately, TAC C  factor alone did not show a good
prediction of TAC dose in real life practice. Therefore,
this study constitutes the first study in Thailand to use
important factors to develop a model for predicting
tacrolimus dose to use in Thai KT recipients during the
perioperative period days 3 to 5.

We reported the first tacrolimus dosing equation
with the most significant correlation factor to TAC dose,
developed from the Thai KT recipient’s cohort. Our
study found TAC dose days 3 to 5 was significantly
influenced by TAC C, hemoglobin level and BSA.

Strong concomitant drug factors were not evaluated
because no patient received any strong concomitant drug
in this study. In addition, when we used intercepts and
coefficients to adjust by LASSO regularization technique,
the two most influencing factors left included TAC C,
and hemoglobin. Regarding TAC C,, our study results
found a strong correlation with tacrolimus dose days 3
to 5 corresponding to a related TAC C__ study reporting
a correlation with tacrolimus dose day 7 and indicating
a stable period one to three months posttransplant.' It
could explain why TAC Clzshowed a significant correlation
to TAC dose. Because TAC C , is a representative loading
dose, hemoglobin, serum albumin, other demographic
factors and also CYP3A5 genetic polymorphism of the
patients can strongly reflect the tacrolimus dose. Some
clinical factors in many studies such as serum creatinine
or sex were not significantly correlated to TAC dose;
thus, we did not evaluate those factors in this study. In
developing the prediction equation, many factors were
found to be associated with TAC dose days 3 to 5, i.e,,
TAC C12, hemoglobin level and BSA. However, adding
all factors to the equation did not improve the efficacy
of prediction and might have made the equation too fit
to this population so it could not be widely used in the
general population. Therefore, we decided to use only the
two most important factors, i.e., TAC Clzand hemoglobin
in the equation.

The correlation showed R? in the developmental
cohort was 0.3125 and in the validation cohort was
0.2929. The equation exhibited low R but, in a different
perspective, a good predicting performance could show
how the test could minimize error of the drug dose
needed. Therefore, testing the equation for validation
cohort, showed the MAE of the TAC dose was 0.0392191
me/kg which is not that much in real life concerning the
TAC dose used. Moreover, this plot indicated that the
prediction dose from the model equation had better
prediction among patient requiring lower TAC dose
(between 0.05 and 0.1 mg/kg) than among patients
requiring higher TAC dose.

One strength of our study, aiming to develop a better

model to predict TAC dose, was regarding perioperative
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KT using the most important factors affecting real
drug dose in Thailand. This constituted the first study
enrolling many subjects in a Thai kidney transplant
cohort and using many clinical factors to assess the most
effective tacrolimus dose for Thai patients. Compared
with other related model prediction studies, most were
developed in foreign populations such as Caucasians or
other Asians so they might not fit Thai patient. Another
benefit of our proposed equation was we needed only
two simple parameters to find the dose which could be
most easily used without need to measure CYP3A5
genetic polymorphism, a limited resource in Thai
transplant centers. Furthermore, this study endeavored
to determine the most suitable TAC dose at early postKT
(days 3 to 5) which was strongly associated with graft
outcome compared with most related studies that
mainly explored a loading dose of TAC. Therefore,
nephrologists could use this to guide adjusting the
drug dose that could be better than using manual
approximation. However, this study involved a
retrospective cohort so it might have encountered
limitations such as missing data among recipients.
However, the other data were almost complete
because this cohort incorporated a valid protocol in the
study center for physicians to follow or how to practice
when unexpected conditions arose. Hence, the data
that we used for analyses were the same and easy to
categorize and evaluate.

In conclusion, the TAC dose prediction equation
developed from clinical factors, can guide nephrologists
to adjust TAC dose during perioperative KT among
individual patient and this optimization will reduce both

TAC toxicity and KT rejection rates.
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Efficacy and safety of intermittent bolus compared
with continuous drip of 3%NaCl in patients with
severe symptomatic hyponatremia in Rajavithi Hospital

Orakan Lanwong, Kumtorn Lelamali
Renal Unit, Department of Medicine, Rajavithi Hospital

Abstract

Background: Recently, the European Renal Best Practices (ERBP) recommended bolus 3%NaCl 150 mL every 20 min
to target plasma sodium (pNa) of 5 mEg/L during the first hour among patients with severe symptomatic
hyponatremia. This recommendation was based on expert opinions reported in small scale studies.

Methods: This constituted a single center, open-label, randomized controlled trial including patients with
severe symptomatic hyponatremia (pNa <125 mEg/L). Patients were randomized to an intermittent bolus group (IB)
treated with 150 mL of 3%NaCl every 20 mins and a continuous drip group (CD) treated with 1 mL/kg/h of 3%NaCl
to achieve the target pNa =5 mEg/L to improve symptoms. The primary end points were changes in pNa and
Glasglow Coma Scale (GCS) at the 6th hour.

Results: Seven patients were randomized to IB and 6 patients to CD. Four patients were terminated during the
study, 2 patients in 1B and 2 patients in the CD group, respectively. The IB group exhibited higher serum urea and
uric acid than the CD group. No differences were found regarding changes of pNa and GCS at the 6th hour
between IB and CD groups. Time to target pNa and time to normalize symptoms trended to be less in the IB group.
Overcorrection rate at the 24th and 48th hour tended to be less in the IB group. Two patients in the CD group needed
relowered protocol. No differences were found in changes of pNa, and GCS at the 24th and 48th hour including
length of hospital stay, and no ODS or mortality rate changes were noted in 30 days.

Conclusion: Changes of pNa and GCS after correcting hyponatremia with 3%NaCl intermittent bolus compared
with continuous drip did not significantly differ by preliminary analysis. Intermittent bolus showed a trend to achieve
target pNa and cure pNa symptoms rapidly.

Trial registration: ClinicalTrials.gov identifier: NCT04561531

Keywords: hyponatremia, osmotic demyelinating syndrome, intermittent bolus, continuous drip
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winAmsasunlaseslaiouazdsldunnngn
5 fadlua/ans

6) dAleiRsuifinuinnda 5 fadlua/dns ue
omsvedlafeusingilaiitu imsanmamndu
wioenaufiuAledoniwdy 10 fadlua/ans
ANULAAUTAUVDIUNNE

7) n&wnnssnwasu 6 Faluusn deo19iin
Aounsu 6 Falususn MsShwsenndunssne
AElBAguAAINUNR ANLA AR YeaNTT
dAalsiisusn Tagldliudsesuladouuinnin
10 fiadlua/dnsiinan 24 $lus wazuInng
18 fadlua/Ansfiian 48 $2lug HUreaglasu
MadenannuseaUlmReNT 6, 12, 18, 24, 36
waz 48 dalus videdndnanitertihsedlaldsesu
TmAsugnuiunniauly

8) HU1aglasun1sinnIueIN1sNIasEuUlsEam
¥83719g ODS W0 12 Falus luvmzegnely
159N81U183UATY 7 U wsednduviufagil
nseSursernsligiasuazgaflaiiensuds
ndulsmann 24 $3lus auasu 7 Tu Tagesdinas
Taesranselnsamonislutuil 7
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9) gUigazgniamuianisedsenly 30 Ju lagns
TnunTiavsedeunue N iU dng

aguinauainisginisAnen laelvnissnwimuund ue
AdredsegluanAduauaueniiudeinisesnainauidelaun
. fftheflermsndusnunavnegidlutiag 6 aluusn
widnAlmdeudslininnia 5 fadlua/ans
« fUredelyfeuludenuinnit 5 dadlua/ang
winornsazdslaiitu Saedlumanvndudia

Funefinmsmsauasiisuusaniurinliasdodn
TlgAnmnanglndenludens
fuasfionnismilesveuniniuvdedidson
AnUnfvsednmdsdonasdveniidnlafuniy
YA

I SuenfifinanoszuuUsramusos usunau

'
=]

Marilnadenisiuvesnuiansa

insfnsunadenflunsstusuusdulasinig

-y =

wIDAANALAGDY (protocol deviations)

PR A v aa o a a & ° A ada
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'

AnnseEieY

& LUNANDBN

Y

[
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v

NTLUIUNTAY

v

v

nauliansin 3%6NaCl wuus?

¥

v

naulansu 3%NaCl wuuun

'

Tu 6 TNuawsnALlAsU 3% NaCl WiawiuAlodedlyuinnan 5 Tadluaneans
Winlo1nnsnauunund

1

v

M8997N 6 Falas sdeanguaglasunsinwmuUng wemueludealinduanung
weliiiu 10 Hadlua/ansly 24 $luausn waglidiiu 18 Jadlua/ans Tu 48 F7lus

v

ARMIUNITSNWIFUATU 30 TU
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ASIN 5

ASIN 6

NUELIA

3%NaCl bolus Tu 30 min via infusion pump
3%NaCl bolus Tu 30 min via infusion pump
nadeavddliennsadi 1 ANa =0 or <0

1

2

3

q

5o0r<5
nevdeanddlfeinsadi 2 ANa =0 or <0

1

2

3

4

5o0r<b5
nadeavdliennseii 3 ANa= 0 or <0

1

2

3

q

5o0r<5

MesoluauAl ANa >5 9150A5U 6 TIl9

« A1 ANa AuiudisiguiunaunIssnen

oasdedndnnzuniuluven inasavganisliansun

Tesie
Teso
Tvieso
Tensio
Tensio
Stop

Tvienso
Tensie
Tesie
s
Teme
Stop

Tesie
Tenso
Tvieso
Tensio
Tensio

Stop

v

L DANAIEIATUATIN 1
WILLABANAIENATUATIN 2
WILLFANAIMENATUASIN 3

LILLDANEIMEIATUATIN 5

= v v Y A
L"ﬂ’]gl’a@@ﬂaﬂiﬂﬁnﬂiUﬂiﬂw 6

« Stop Avautunauillaglinesavidengiaividonnsssolufetalued 6
« fin1sUsziliuenisvadlaihsumuazensuniulasangluveanntilusvaglnasdl d1e1n1s
vodlgfeuinduiNUnAnneg i samgan1snsiiansuudalgfienageldiiu 5 mmolL uag

35U 2 F5nseniiiul

Asans3velunguliasii 3%NaCl wuuisa
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Flusil 1 3%NaCl continuous IV drip via infusion pump rate
Flusdl 2 3%NaCl continuous IV drip via infusion pump rate
Flefl 3 3%NaCl continuous IV drip via infusion pump rate
wadenndaliendlud 1 ANa = 0or<0
1
2
3
a
5o0r<5
#lasfl 4 39%NaCl continuous IV drip via infusion pump rate
waidonndaliedilued 2 ANa = 0or<0
1
2
3
a
5o0r<5
il 5 3%NaCl continuous IV drip via infusion pump rate
watdonndaliendilued 3 ANa = 0or<0
1
2
3
a
5o0r<5
Hlsl 6 39%NaCl continuous IV drip via infusion pump rate
wadeavdslindalusd 4 ANa = 0or<0
1
2
3
a

5 or <5

VU0
e A1 ANa AuIudiBiguiunaunIssNen

Tfansanmeansiiansin

01 mU/kg/hr Weidoandsasudalusd 1
01 mL/kg/hr 178LaRANAIATUTILLGN 2
... mL/kg/hr lzidnvasasudalusi 3

O O = = O

Stop
... mL/kg/hr lagidonanaiasutalusi 4

SO O = N W

Stop

.. ml/ke/hr @nzideamdansudilusd .
4 (s¥¥anmeiiiululen)

3

2

1

0

Stop

.. ml/kg/hr Wizdeamdansutaluad 6
5 (s¥Sannviilulen)

4 (sx¥anmziiiululen)

3

2

1

Stop

« Stop Avautumsulllnglifpsazidentaividennsinelufedalusd 6
« finsUssiiivennmsveslgfeuiiazensuniulasanzluloanndlusvaglvaisin drenisvedlsisusi
naunUnAnnegeisanvgansnisiienaulrlsfsiazasliniy 5 mmol/L uasiasdyiniinniziniilulen

JUN 3 Wnsaliulassmadelungulvansii 3%NaCl wuuund
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yanakvutuiinteyan1andiin uagdeyaniaviesdgusing
whastuiindeyauagliaszideyalagldlusunsuadd SPSS
version 26.0 %’aa&aﬁugm%iﬂﬁﬂu categorical data $1891U
shednudesazuieiay deyaiiiu continuous data Nl
Foyafinsuanuasuuuunisenuiierieds dudoauy
NI nIdiveyainsuankasuuliUng s1891u6ae
Asfsegnu Aingn Agean nsisuiisudeyaiiiy
categorical data 14 Chi-square test ﬂiﬂjﬁi’fﬁlgaﬁmﬂlﬁml,lm
WuuUNR 38 Fishers’ exact test Nsflvayaiin1suanuas
wuvliund nsFeuiisudeyaiiidu continuous data
Tudsywns 2 ndu nsdlveyaiinisuanuaswuuunildata t-test
nstldeyaiinsuanuauulaiund 19a8@ Man-Whitney U
test LATTIBIUANABINY OR (95%C) UagynNn1sVAFEY
fmuneseduTeddnEtan P-value < 0.05

NaNISANE
AUrendalgieyludendosndt 125 adluadedns

v
%

s 54 e Winasidadiue 13 918 wagldsuns
fnoantiavun 41 18 iesonanvaderolull (e 23 s
laiflonns 10 snedidgmuinldumsauss 2 seduladess
swopineiideslonden 2 seidulamodounduitduiu
1 sefinisindouazauduladind 2 s1eldsuansi
39% NaCl iy uay 1 91eUfiasidnsaumsfinun §iheris 13 91e
#Sunsdud 2 ndu Teun ngalsansi 3% Nacl uwuuid)
7 30 Tt 2 nelunguilfidinasiginisine idesn
I§3unisinzidenilinsmuunudniulasenis wazngy
Tofanstn 3% NaCl wuuund 6 518 T8tae 2 selunguil
fdnasieinsdnw esan 1 Medtgmindesuusedu
o1avilenamsanesiiusindnas uasifan 1 91eilésy
gupundy vlsumunisitufvesernismeaes e
fffnengalfanstn 3%NaCl wuuiSiady 5 918 wazngu
Tansih 3%NaCl wuuUn@figuae 4 s Aaaweinis

ATU 30 T

nmsnudeyaiugiului 2 ndulsifienuunnsnedy
Fauandlunisnedl 1-2 ornsdnlng fe endeu 5 90 uaz
Fu 5 318 lnefifan 1 efiflemsisoniounasdu Aiade
99 GCS Iuﬁ”’aﬂa;ulaiLLmﬂﬁiwqﬁ’u HANTINBIUGURNIS
wuh Anedsvedsiienlusi 2 ndulaiunnsatu (115.246.05
Tundailsfansi 3% NaCl uuuida waw 111.25+10.01 fadlua/
ans lungulansih 3% NaCl wuuund, P=0.650) was
nandoauazlaanzludiunig o liusnaneiu enciu
AgFouarginludeniinuingulsiarsi 3% NaCl wuuda
firAadefiganindnnguedeiidodrdgynisaifduans
Tumsnsil 3

wadndudnnumsiasunlasmesseiuluidouluden
filuail 6 vowhmesngulifiaruunnsatusgedideddny
msadAuandluaseil 4 madsuulawessziulelfon
Tunqulanstn 3% NaCl wuuidada ity 7.25:2.38
fiodlun/ans uazngulanstn 3% NaCl uuuun@fiaviniy
6.5+1.73 {adlua/ans, P=0.650 LLamé’quﬁ 4 3nvradislainy
ALANATBsTERUANSANMITITaluT 6 sewinagtae
Faaoanaunsing wadnssomudn svoznanivilvissdy
Toosludenfiutuinnnivdowintu 5 fadlua/ansuas
szoznaniviilviornisndugunalungalvarnit 3% Nacl
wuuiilluunldudesnindnngy unluived1Agnieads
nsasunlamessssulufeludon uay GCS Aidalusd 24
waw 48 Tusaesnga ldfinuuansisfuogiaiidedify
e naaliansin 3% NaCl wuuund Staeiidesudly
anszaulgifsuluden 2 518 dnsnisiinnnaznisuile
SuAufidalus 24 uay 48 Sunlthdosninlunguliarni
3% NaCl wvuadlowisuiudnngu udlsifdoddgmeada
(3ovaz 60 WS UBURUSeEaE 75, P=0.595 Titalueil 24 way
Zopay 0 Wisuiisuiudesas 25 P=0.444 fiqlued a8
puddu) Sasinisueulsameuialuisassngulaifiaaiu
waneinaiy wazdalinuiifUiededinvseiinn1ie ODS Tu
nsAnwil
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A13199 1 Jayamhluuaglsasiu

ngulansun 3%NaCl

ngulwansun 3%NaCl

AL wuusa (5 918) wuuund (4 518) Pvalue
foyanly
weny (5ovag) 20 75 0.206
919 (U) 60 76.5 0.413
thwiin (Rlan3a) 58 45.5 0.730
UsyIRguuvd (310) 0 1 -
UseTRleanesed (318) 1 0 -
UszInlsnsau
WY 3 1 -
Aiulalings 3 1 -
15aln 0 0 -
lsanavasnlaonaNes 1 0 -
Y 0 0 -
TsAuziSa 2 1 -
lsAdauiiysn3 0 2 -

M13199 2 Teyaenisuazanvgueinizlufenlufons

Auls

ngulyiasun 3%NaCl

ngulyiasun 3%NaCl

81113 (519)

wuusa (5 518)

wuuun@ (4 518)

gloE) 3 2 -

Ty 2 3 -

[GHY 0 0 -

N 0 0 -

A1 GCS (Fudfu 13.8 + 2.16 14 + 0.81 0.604
awguasnzlndsuludond

Hypovolemia 1 0 -

Low solute intake 1 0 -

Adrenal insufficiency 0 1 -

SIADH

e Malignancy-related SIADH 0 2 -

e Pulmonary tuberculosis 0 1

Diuretic-induced

e Thiazide induced 1 0 -

¢ Thiazide-like induced (Indapamide) 2 0 -
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M13°99 3 ToyaHANINTIIMWIDWHURANS

naulansun 3%NaCl

ngulwansun 3%NaCl

A3 wuuisa (5 578) wuuUnd (4 518)
Baseline Na (mmol/L) 115.2+6.05 111.25+£10.01 0.650
*Serum K (mmol/L) 3.83+0.60 3.75+0.30 0.383
Serum creatinine (mg/dL) 0.66+0.17 0.53+0.07 0.282
Serum urea (mg/dL) 11.8+3.5 7.75+1.5 0.032
Serum uric acid (mg/dL) 4.1+1.58 2.45+1.33 0.010
Serum osmolarity (mOsm/Kg) 239.8+13.5 231.25+22.4 0.538
Urine osmolarity (mOsm/L) 384+184.94 405+117.56 0.718
Urine Na (mmol/L) 58.4+36.45 59.25+26.91 0.906
Urine K (mmol/L) 53.27+27.27 25.09+23.23 0.403
Urine creatinine (mg/dL) 62.44+10.69 80.12+37.86 0.540
Urine uric (mg/dL) 42 (29-45) 47 (30-48) 0.111
Urine urea (mg/dL) 379+108.74 458.25+171.15 0.653
*FENa (%) 0.49+0.29 0.43+0.24 0.869
*FEUrea (%) 35.05+£10.74 44.14+11.77 0.465
*FEUric (%) 10.22+2.23 14.88+5.12 0.236

A15199 4 HAANSNANWALNAANGTDY

ngulwansun 3%NaCl

naulansun 3%NaCl

A3 wuusa (5 518) wuuUn@ (4 578) Fvalue
NAAWSHAN
nasvessziulnieludentalusi 6 @adlua/dns) 7.25+2.38 6.5+1.73 0.650
NaR19U83 GCS Flaedl 6 1.2+2.16 1+0.81 0.604
NAANS 9
izEJznmﬁﬁﬂﬁdﬂﬁmﬁauiuﬁamﬁu%ummdm%awhﬁ”u 1.7+1.20 4+2.16 0.098
5 fadlua/ans (@)
'ﬁzaxL’Jmﬁv‘iﬂﬁmmiﬂé’uqiﬂﬂa (#laa) 1.8+1.25 3.25+2.21 0.261
nassvessyaulaiesludendalusd 24 §adlua/ans) 11(9-12) 16 (2-17) 0.286
nasessyiulaiesludendalusd 48 @adlua/ans) 12 (8-14) 18 (4-20) 0.286
Nasnswes GCS alusdi 24 1.2+2.16 1+0.81 0.604
waRnIves GCS Faluat 48 1.2+2.16 1+0.81 0.604
msunlvanlsipeuludon (519) 0 2 -
Sasnsidanmrmsuiluduiuiilud 24 Gevaz) 60 (3 518) 75 (3 570) 0.595
Sasnsidanmrmsuiladuiuiilud a8 Gevaz) 0 25 (1 578) 0.444
syegnaINITusUlsmeIuIa (Ju) 9.6+7.40 7.25+2.98 0.419
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135
P-value =0.553
130
125
= e
S 120 @
£
o 115
a
110
105
100
BaseLine 1 2 3
w3155 3%NaCL uUUE2

— ﬂ&julﬁmiﬁ‘? 39%NaCl kuuUn# (mean+SD)

I III{*I

q 5 6 24 48
Time(Hour)

UM 4 Wisuiguseaulaienludeniissesiaising 9

aAUTENaANTANY

Toyafiugruresfiisuazannguosninianzlndion
Tudendn wirazdinsduiiouvsfihedinguiunnseiy
aosngy uwindunuigihelungul#suansth 3%Nacl uuuid,
fawevanunannmsidertulaaglungulveslsd (thiazide)
3 598 99 5 918 wazngulvianstn 39NaCl wuuUnd Slanvg
18NN SIADH 3 $189M 4 118 o1 dumniiviali
wavdenySouazginluidenvosfuaslunguiildsuansi
3%NaCl wuuidy ffigenindnnauesadidoddgmeada
iesnnlunguiftefiiinng SIADH axiiAngFouazginiion
fliidudnmidunasinisiteduneiogué " snsiiiie
Tunguiiinnglndouludendiainnisldeingulneylad
fuwalihiesdiangTouazginluideniiganinguasngu SIADH
arenalnn1siinniay volume depletion agnglsiniu
fisreauigiaenguiildfusngulnesladeraiinaidon
findnegflae SIADH 16

NnuadNENENALansd nassvessziulnfouluidon
wazna GCS daluedl 6 lursanengulaifanuunnsiafiy
p898tdATY NAANSAINATILANAINIINNSANYIVDS Garrahy
wazamy dnvidisufisunisiuiuvessedulsien
Tudeniiflonsguusadunaninaniz SIADH semitansli
m‘i‘ﬂg”l 3%NaCl wuuisa (bolus injection of 3%Nacl) way
wuusieliles (continuous infusion) 1u3n MslH 3%NaCl
wusahlissduladenludengdudinidnngulussey
na1 6 Hluusn Ainansvesmsidasuutasvesleiien
Wity 6 (2-11) Wiguriu 3 (1-4) Tadluastedns, P-value<0.0001
Slothmsfinuniliisudieuiumsinuves Garrahy wazaaz®

wumLmnenslfansin 3%Nacl wuuundivesnisineni
Susulsnst 1 vadennsetalus wazfiamunaidon
nn 1 luaderhldlddatdmne femnafutuveslafe
wnnivsewiiu 5 fedluasedns warliusuifiusnsves
ansinlésndu 2 wa/nn. sedalus lunsaildldaandmne
Fesnsnsiansitlunisaneiunninlunisdneives
Garrahy wazanuz' Alsasuiies 20 wadedalus vilvna
shwﬁamiLﬁuﬁumaﬂmﬁaﬂuLﬁamaqﬁ%amﬂfjﬂumi
Anwnilaiunnd e wagnuiingunisliansds 30Nacl
wuuUnfveanisdneiiinisiiutuveslsfonludalusd
6 11nAIN ﬂejumﬂﬁamf’] 306NaCl wuuseLiasvasnsine
Y84 Garrahy hagAnz™
uanIndanuadnssosfauandliiiuinlungulvans
¥ 30%6NaCl wuudailuunlidsnariasyinldelafosly
Beainduinnnivdewiniu 5 Tadluasedns saufueins
ndugunadesnitdnngy waziiuuiluunisiingnsinisiin
A% overcorrection Titlus 24 waz 48 Hesniudlewisuiu
Snndu uifieedilifveddameada namsdnuironades
funsdnu1ves Baek wavansz Tunsinende SALSA® vily
Usenen1ud Anwidseandanuazainulanndeveenis
¥ensth 39%6NaCluuuida (rapidintermittent bolus) W3s ULy
funslwuuusiotiios (slow continuous infusion)iué’ﬂwﬁﬁ
p1nsUunasieguusalaegthednuiu 178 51 wiaiie
oonufu 2 nau Téun nauiléuansth 30%NaCl wuuia uas
Snnquldsuanstn 3%NaCl wuusieiios JULUUNIANE
Wuuvvguuazinguaiuan nudn §nsinisiinniig
overcorrection lunguiildduansin 3%Nacl uuuif)
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feenindnngu weildfinauuanaisiuegneidedfny
yaadd @vae 15 e Govar 17.2) lunguldsuani
306NaCl wuuisuazifuae 22 518 (Sewaz 24.2) Tungy
It 3%NaCl uuusieiiies P-value=0.26) uazdawuin
ﬁmﬁLLr’fl‘*uaGﬂsnLﬁ&lﬂmﬁamsluﬂfjuvlﬁ%’umiﬁw 3%NaCl wuu
$ridesniidnnguegefideddynieada ([@nnsudly
36 310 (Jovaz 41.4) Tunaguldsuarnit 39%NaCl uuuiduas
52 578 (Spway 57.1)‘1un&ju1¢’f%’uamfw 3% NaCl wuuseLilos,
P-value=0.04 ) Budloiibuifisusunsfnuiifnwuinlungy
Aldsuanstn 3%NaCl wuuids fdnsudlaledesludon
ffounindnnauiuiy (0 Wisuifleuiu 2 519)
awmaiivihlingalfanst 3%Nacl uuuidr Haawhls
Almdesludenfiutunumnesmtuenisndugund
figind enfonninszeznaifldlunsldamidesndy
(W 39%NaCl 150 fiaddns Tusveziian 30 uii) dwuanve
fivlsingulitanstih 306NaCl wuuiaAnnag overcorrection
wagdnsudlvanlufouiiesnin eradnteasuiitaiau
Lildlunnsdnwnil Feudingulwarstn 3%Nacl wuuida
wilftheiiangludesludoamannsidedudaan:
Tungulnezladunnnindnngu Snvtsdiftas hypovolemia
uay low solute intake FaffUasnguiinisardiannudes
n151AAN1IY overcorrection fNNNNTMETIINAITHYAL
waznsudley sailidesnvdimsngasingulnesled uie
nsunlun1eg hypovolemia waz low solute intake azdina
WiAnnnEn1snduganzundmedieesilgfedluiion
(autocorrection of serum sodium)*™*" wandunuin
nauiiliansii 39%NaCl wuuiafinsiinnme overcorrection
fifosninnguliannir 3%Nacl wuuundfiamndilng
\Winnn1z SIADH (Ispuzids 2 518 wazfalsa 1 518)
fimsagiuuliianAnnie overcorrection tosninilasan
aunnues SIADH veaUaenguilldarunsoiiagudlold
p81971132" egnslsAmunieaniniidedrinFosussuins
fiAnunisuautiosnneravilfldannsalideasulflunoui
prafessaniutoyalinsuduuduiinssisnads
T9311im LﬁaqmﬂmﬁﬁﬂmﬁmLLmuﬁﬂmQ’ﬂwﬁy’wm
40 318 vawiilifthedisuiedu 13 918 HanNTiATIE
pdsilonafuftauuliudlanmslinszhidesdu il
ansoagulauuda nulgmseninanisfinwananiunisal
masvunveatelidalelsun 2019 wie COVID-19 finaste
nsguaguaslidnasifunisandiuiuunnduazynnains
mansunnggauaruae 1esnnuisdiudesindangs
fusgYadudaduisinderinlinssruiniuasulous

annnsdudagUasitiunnudududmaliduguassade
N3ALIUNISANY

winsinwdgeldanmnsanansldifiuanuuanag
voanslansth 30%NaCl wuuduaznaulsarnii 3%Nact
wuuUnd wimnguanisiisesiuvuidoau azwudinig
Tanain 30%NaCl wuuids uuiluagsilildnaniiagli
Tirladeludoniadvung wazeinisndugundlaisani
Snvaiidnsnsinniz overcorrection uaznisuflulaie
Tudenditosndt dedufausiimadnslusaesnguazdslal
waneneiy lunsusegnalddugUie fideuusidlvldla
ansth 3%NaCl uwudunnnd desnazen naga uay
AuUaensielsneiu

GELL

nms¥nwngladeuludenuiafiionnsguussiions
Tansth 306NaCl wuuwildnsiuvesaladienludon
LLazmimﬁsJuLLanaﬁzé’Uﬂa’mﬁﬁﬂﬁﬂu 6 Fluslaisneann
nslranstn 3%Nacl wuuUn@ annsiesemiesdu sl
o1afesTONaATUNEINNSANIAUAR
AnRnssudszna
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Clinicopathological

IsA nephropathy: A Case Report and
Literature Review
Suwss 9939504, denild vzuzna', 3585 FEunsaniuun’
'mibglsaln MAIvInuITIYMaNT AMzUNEMmanT PIIaInTalNIINe Al
“NMAIVINGITTNG) AULUNNEAIANT PIIaINTalunIIendy

UnAnga

IgA nephropathy (ulsalalnalwesdaugundinuldvesluguaedn iinananuiaundlunisaisduylulnaydue
(galactose-deficient IgA1) viTlisanieas suenfivefsediudingn wanieujisenduasduyuddoulUazauusnalnawesda
Ahadennerdaninnislaiingrany IgA vihalnalwesda nsnensallsaduiusiuusunalusiulutdaanziasnens
anmnsle JanusisladnavedUoe 1 v WDwangudeery 11 ¥ whensvinureslaanatedesiaga (rapidly
progressive glomerulonephritis) Q’ﬂwﬁ%’um%Lﬁ]ﬂs@liﬁﬁ]‘%ULﬁalmWU crescentic IgA nephropathy uaglnawegaadiulvgy

fidnwaue global sclerosis Jainsansnwmen1sUrdanaunulalaenisanslamnstesvios dnuslinuniussanssuieiu

15 1gA nephropathy luiin sgiRinisal wediuda 91113 0In1suans M35 wazwensallsn

AdNALY: IgA nephropathy, glomerular disease, rapidly progressive glomerulonephritis, chronic kidney disease

unin

Immunoglobulin A nephropathy (IgAN) tJulsaves
IﬂaLmagé’aﬁiﬁaﬁamﬂmimmwm%amwmaa%un‘falm
finy IgA Ushalnawesda fisenuadausnlul wa. 2511
1ay Berger way Hinglais' Anuynvadlsaluyniiewde
genI1vglsy Inenuninluussmanauumaynsuudin
wu GUu AwelUs ooawade Taduaud Wud® Tuseime
Juiifimsnadansesauinunivestiaanzludin oG
fisneaugiiniselvedlse IgA nephropathy luiin 9.9 5186
Uszmnsuaunausol’ 11nnsanwilutagiu wuidlefinnny
s ndulsanaznensallsalugaesin IsA nephropathy
finnumannuane sawsmeldies Swnelidaannzifuden
Tsiudlulaans sudaindulsalndods lusenuatiul
wuansiataeinfiundenmsihauveslaanasegiesinga
(rapidly progressive glomerulonephritis, RPGN) 27nlsA IgA
nephropathy LaEMUNIWITIUNSINTLAE 0

P2
3189UKU2E
Yy @ a a o [ [ a L2
duleanugelneety 11 9 gliduurdminasuns
15AUSEIFILAL UaUTA @9RIUNNIBUIN 2 LADY

10 damineuuilsaneuia ﬁﬂ’;&ﬂﬂwmwéé’mﬁ"aﬂa
WOUMTRY ATIRTIINMENUIIUINAYAINGULEDR 148/100
wuUsen ergleluden 32 un/ea. Arasuefitiuluiben
1.87 un/na. wazdlusiusluliaanie (urine protein 2+)
Iumsinudesiauguas amlodipine namsraLitsniu
NUADUWALLUG C3 mé’l, ANA, ASO titer wag Anti-DNase B
Juau

4 dUamineunlsane1uia HUININTIMINUNNE TR
Usinailaaniniiy lduaanndu uinsieuvesdnanas
lasumsshwsmeensadlslau 2 un./nn./u wazinfnniu
91571 2 davidaan wuimshauvesinanas uwndy
gualin1sinwiaie methylprednisolone 30 un./nn./du
nnasaenn 3 Ju LLaza'ﬁ@hmLﬁammmmmz%’ﬂm@ia
Ateuasyseindaanydudon lsala vienisliuraung
Tupseun$h As1s1ene tin 36.8 Alansu (Wesidulnd
#50-75) daugs 147 wuRuns (Uedidulndil 50-75)
mmﬁwﬁaﬂqa 125/85 11.U59%, no edema, mild distended
abdomen uag shifting dullness positive N15M5993194018)
szuudu 9 eglunasiund nansraneviesUfiRnsfauans
Tua15199 1 wag 2 suddy
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A1519% 1 NanFIINRIUHTANS

10 dUavinou

Aauus

4 §Uanvinou 2 duanvinau

Hb 8.7 n3u/ma.
WBC 11,900 Waa/au.1ul.
Platelet 246,000 wWag/au.uy.

CBC

Hb 11.7 n3u/ma.
WBC 14,100 Waa/au.ul.
Platelet 115,000 Wad/au.ua.

BUN (un./0a.) 32.5 37 93
Cr (un./na.) 1.87 2.17 2.16
C3 (un./na.) 74.6 82.57
C4 (un./9a.) 9.81
Albumin (n33/Aa.) 3.3
UA: Albumin 2+ 2+

RBC (wad/HPF) 1-2 2-3

ASO titer, Anti—DNasg B titer,
waz ANA Tiaauiasviun
24-hour urine protein
52 4n./015.4./%4.

Ultrasound kidney:
Bilateral renal parenchymal
disease with normal kidney size

CBC, Complete Blood Count; Hb, Hemoglobin;, WBC, White Blood Cell; BUN, Blood Urea Nitrogen; Cr, Creatinine;
C3, Complement3; C4, Complementd, UA, Urine Analysis; RBC, Red Blood Cell; HPF, High-Power Field; ASO titer,
Antistreptolysin O titer; Anti-DNase B titer, Anti-Deoxyribonuclease B titer; ANA, Antinuclear Antibody

A9 2 HANTIANRIUURANTS

NARSIAFON

wansaalaanng

CBC: Hemoglobin 12.3 n3u/ma., Hematocrit Seeaz 36.1
WBC 17570 waa/au.uy., Platelet 88,000 wad/au. 1.

UA: Specific gravity 1.010, pH 6.5, protein 2+, WBC 5-10 wagd/
HPF, RBC 1-2 1aa/HPF

BUN 124 un./@a., Cr 2.35 4n./Aa., sodium 139 , potassium 3.8,
chloride 104 , bicarbonate 18 faalua/ans

C3 71.6 un./ma., C4 10.5 un./ng.

24-hour urine protein 34 UN./A3.4./YU.

CBC, Complete Blood Count; BUN, Blood Urea Nitrogen; Cr, Creatinine; UA, Urine Analysis; WBC, White Blood Cell;

RBC, Red Blood Cell; HPF, High-Power Field

NansIINeTiRIUfTRNSIIAL ASO titer, Anti-DNase
B titer, ANA, Anti-dsDNA antibody, C-ANCA, P-ANCA,
Anti-PR3 antibody, Anti-MPO antibody e Anti-GBM
antibody iuaurtnn vdsansugthelilu sn. 4 Yu fued
2IN15TUAS MTIDINAY AUAULEDA 110/70 UL UTON Uay
TinupnuAnUnfneszuuUsyamdy enussnouiines

LunuauAnUniluaues nansIan1eiesljuinisny
§rurudndonvnfiuiy wazsiuawndaidonanas
allesideanu schistocyte 1+, NansTIansudedvacion
Unfi LDH 274 U/L g3eluidion 123 un./na. Asweiiiuluiion
2.65 un./na. esnfheilenisidleiune uremia
uaz thrombotic microangiopathy (TMA) 3alalinssnwnag
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nstanaunilauag fresh frozen plasma wdsantiu fhae
§§ﬂﬁﬁﬁ'§u wagldsunssnwilaenislimatansdeiiies nsei
Aunamideniinty Saldvhnsnizasntuiole

KansImemesingveadelany 32 Inawesda Tne
WU global sclerosis 28 Iﬂamagé’a, cellular crescent Tu
2 Iﬂamagﬁa ($owaz 50), diffuse mesangial proliferation
Tu 3 Iﬂama'gé“a, seemental endocapillary proliferation
lu 1 Inawegda, segmental sclerosis Tu 2 Tnawwesaa,
USnavaemdeanuntamntudniios (mild arteriosclerosis)
ladwuanwazuas TMA, WU interstitial fibrosis wag tubular
atrophy $98/ay 30 Way 5088 50 MUY NARTI immu-
nofluorescence @9 IgA 2+, IsG trace, IgM 1+, C3 1+, Clq
negative, Lambda 2+ Ua¥ Kappa trace fiusnm mesangium
WAZUNNEIUYBY capillary loop Ha electron microscopy
WU electron dense deposit UTHIU mesangium Way
subendothelium kagwu neodensa glomerular basement
membrane f;f&LLamﬂugﬂﬁ 1-7
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JUN 1 USnaulnawesdany n1siinTureswad mesangium
(diffuse mesangial proliferation) (&1 Hematoxylin &

Eosin stain x40)

U.\ \' » 73 ki v ? ‘u' m-‘ \ - ey :
A A YER eae oSy o N .
b AR Y 1 PP <X X \ '
& i “ \ A
4 g LN RUTRE
v i W LN N,
(e %D SR NI NP
;o =y J X g ¥ 3 A ‘c.\?j
=L A f S ¥ L A SV IR )
- o o R .
a~ a5 $ wa 'Y - a
Y Lol FOA ) p
1] . et - ¢ O | 3 -
B 9,‘ ';'l al -'(..-“.( by & .(.: aw
Ve N AN T Foghi
~ ¥, y o T =W \Q' ié Y I
& h 2 (W, 9 W - N é
s 3 8 "? ; » 5" » oow )
el LS LA o = s
LT . -3 ".-:9,,:,’4 ! //" 3
- l‘ A 4@"\ g : = - - ~
i >, B

JUN 2 nsgaiuvevaeaiiondeslulnalueidaunsdiu
PMNNISNLTUBIUTAUNYISNTG (segmental sclerosis) (@eou
periodic acid-Schiff stain x40)
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Ui 3 Uinalnawesdanunsdnviavesidsasaidontos
LLazL?jagmiﬂamaQ%Ja (glomerular basement membrane)
wag cellular crescent (&dou Masson’s Trichrome stain
x40)

gﬂﬁ 4,5 n38ou immunofluorescence KAAIN1IANE IgA

WAz Lambda U3 mesangium wazuNaIuYes capillary
loops AUAIRU
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g‘l.l‘f/‘i 6 Mesangial electron dense deposit (electron

microscopy)

g‘lh?i 7 Subendothelial electron dense deposit Wag

neodensa glomerular basement membrane (electron

microscopy)

mnwm%ﬁmw%mﬁalm@ﬂwL‘t’]’ﬂiﬁﬁ’u‘liﬂ crescentic
IgA nephropathy Uszifiuma Oxford classification 1@
M1E1S1T1C2 uazlnawegdadulvgidnume global
sclerosis 39a5UTAMIRBNsUITANALNUlAlAENS
analannsdosrio

NUNIUITIUNITIU

Immunosglobulin A nephropathy (IgAN) w3alsale IgA
Wulsalalnawesdaugugiifinutesiign nsidadeende
nangsanmvestuiioln Tneny IgA UIAl mesangium
vadlnawegdd s1e1ugUn1saivedlsa IgA nephropathy
Tuglngyfe 2.5 s19deUsevIns 100,000 s1860T Lax
giansalludndanunarnuatsluudazuszing dous
0.03 578619U529105 100,000 9186i0d quds 9.9 180
Jsg¥1ns 100,000 ﬁammuﬂismﬂ@h AULANA

vesgiiinisaifana1n esnngursuidnlisionnisuie
o msidntesdalilasun1sidade anuuanstaesuleuiy
nsasaafansesilaanzludinuardousinsnsatuiiole
vosunmeggualunsazaniuil®®

NYIBAUALATNITHITING

nnvdngrunisinuiludeqiuidedn aummveslsa gA
nephropathy duiusifunisinieuundiSeniohsausinm
dadlenmafumelaniomadiuemis saufudadenis
Wugnssu MiAaanuRaundlunisauaunisasisves
duylulnayduie (IgAl) uaznismeuauesso)iAuiuYes
waddulngeviuazduylnaydu’ nalnves IgA nephropathy
ArnanufiaUnilunanedunou wiedendn multiple-hits™®
Usznausme

1. $19n18a379 1gAl ARnUnftinduainaulndes
wazwatauwasa teetdumuidaunfvesnsyuiunnsg
galactosylation ¥1l¥LAn galactose-deficient IgAl (Gd-IgAl)

2. TumMealeuRveAnedIued galactose-deficient
IgA1 A anti-glycan antibodies

3. MaiAUisensenine galactose-deficient IgA Uay
glycan-specific 1gG woufved asrnduasidetounduyy
(immune complex) Tunszualdon

4. ansdefoumnsBuyuiinanluazauuiing mesangium
vadlnailesad veenaiin1sasiaveasidedounduyulule
(in situ formation of immune complex)

5. HavBINsATANYRIABtaumeBuyuiile agsils
\AAN19NTEAUIDIEAT mesangium NNTVATYEIATTTNLN
N158nLaU (proinflammatory mediators) @ interleukin-1,
interleukin-6, tumor necrosis factor, transforming growth
factor beta NI¢AUITZTUUABUNGLUUAULATIZUY renin
angiotensin thinganuiiaundiinsranulunedaninvesle
fio nMafinduvensad mesangium, nsvfuadsniaULaY
waa endothelium Qmﬁy’uu%nmwaamLﬁamaaﬁuaﬂﬂamagﬁa
MINNITBNLAUTULITIIAAANTTATN crescent

anssniaudinanduiliAnnsivdsuulainsuansesn
ves8ulu podocyte uagn1snsesvedlnaltegaa dloans
Betoumsduyuireenin agvilAnnisvhaneves podocyte
H1UNTEUIUNNST glomerulopodocytic crosstalk 11angAa1
Aemeidosainalnawesda uasnssfuadifoyvieladudu
MlmAnn1sontauLaztinWelnusm tubulointerstitium
H1UNSEUIUATT glomerulotubular crosstalk dswallavinau
anas uaziinlsaladosimuan®’
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Anuwezn19naiin

AUaeiAn I1gA nephropathy fien1swainyats V191
luiflonns asranuanmsnsiann-nsestaany wu wulusiu
Hludaanzdosas 3-13 nudadoaundulaansiosas
30-50 HUae5euaz30-70 daanzidudenianieudiu
n1shndeondendsannnisandeniuiunieladuuu
(synpharyngitic hematuria) vaodndelunaiuoms
Tngonstlaanvdudonsininaundanisiade 1-2 Yu
wazdniduladiAn 3 Yu e1afionisiinemdinisande
Tuszuuiin fUaefiseenislasniauguuss anuduladn
2 nawensiulwsinye lameFesmuldtos fuaeuiee
1nmedaangesnties msvhauvedlnanaudeunduainidie

Hoauwaslulaanvaniuluvials Fuinmeldes®

ANYAIZNIINGIEINGN

Wm%amw%mﬁalmméﬂw IgA nephropathy #A11%
mmﬂuma%uﬁ’umm@mmuasszaznmﬂmﬁmkﬂ Oxford
classification WupiodlefildUsydiunensanmiuiieln
warnuIduiusfunanisinwnaznensallsaluglvg
Im&J%ulﬁaﬁﬁﬂmmﬁﬁfﬁﬂmﬂﬂaLmagé’aad’mﬁ'aa 8 uay
s1891unaiu MEST-C score Us¥naumae mesangial
hypercellularity (M), endocapillary hypercellularity (E),
segmental sclerosis (S), interstitial fibrosis/tubular atrophy
(T) wazcrescent ()" nedannlulavesfUaeiin 1gA
nephropathy 3gWuAURAUNA mesangial hypercellularity
waz endocapillary hypercellularity snnndntuglvgy"

nsnwediiusvemesanmlutuiolaussdiulae
MEST-C score wagnensailsnvadfiaesin IgA nephropathy
173U Wudwﬁa%'aﬁﬁamasiaﬂ’]ﬁLﬁ'auﬁuaﬂmﬁaamm’mQ’ﬂw
UWNI1 5 U A N1SWU segmental sclerosis Wag interstitial
fibrosis/tubular atrophy*

g TMA nulgturUae IsA nephropathy wagsindusiug
fumsideuvemiile ANUAULADAZITUTY UagNITanas
Y9952AU complement C3 luidon'

193NEN

n15¥nw1 IgA nephropathy lugUaeidndilafiennns
neadain asnanudaaviidedenunansenulusiu
TudaaniyuSunaudntios (urine protein tioani1 200 un.fetu)
TinsshwUszAuUseaos USungAnssy anenmsiAn uas
mvAnAunuEenlveglunaeiunfniueny e uazadiuas
vafUne'® dmfuguaeiilsiuiludaaizainndn

200 un.Adu AIThIN155NIA887 angiotensin-converting
enzyme inhibitors (ACEIls) 438 angiotensin Il receptor
blockers (ARBs) e’ ftheiinawulusiuludaans
1A 1 nSumedu U39 WU mesangial hypercellularity
Tnduioln snafarsanliounsailalau 12 un/nn./5u
WY 4 FUat wazanvuinenadluszeziian 4-6 Wwou fuae
fudenisiuredlaanateg1asinga (RPGN) 11013
$nw1eqe81 methylprednisolone saufiugnaniAuiy

16-18

cyclophosphamide

ngnsallsa

mnmsnlulszmadiu Aenwgaoiin 169 518
Wuszeznan 5, 10, way 15 U Wudﬂmﬂﬁmﬁuéﬂwdaﬂm@
faanzdudeaviolusiudluliaansidniies Wefan
10 15 U fUhefesas 9 wwinlsnlnFess wasdosas 30
fusauslulaannzuinnit 1 nfudeiu® Jasediiinass
wmmaﬂmﬁlﬂﬁiwﬁﬂamﬁﬂﬁa Ysuralusaulutaany
wavneSanwlulafinu diffuse mesangial proliferation,
crescent, capsular adhesion, ﬁmﬁ’su%ﬂﬂamagﬁaﬁﬁ
sclerosis NTWU subepithelial electron-dense deposit Lay

N13¥1Na18984 glomerular basement membrane®"’

GELL

IgA nephropathy Lﬁuiiﬂlmiﬂal,uaga”aﬂguqﬁﬁwu
IiveeslugUaein inanauiaunfvessisniglunis
a579 galactose-deficient IgAl Hp1nsnspdatinuainane
3haduannnangnsanmiuielafinsrany IgA U8
Tnawesda Yadefluennennsallsade Usmalusiuis
Tudaaizuaznedaninmsle Jsinadonisidenuuinig
ns¥nuludieudagsng
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Hunn Junniy lmuliludnwsesisUszma WWunu
vosyadslsalagudl 1 uazyuvesminerdesdnaumy ey
9gfiu Dr. Robert William Schrier, University of Colorado
Denver UssnAanigoiu3ni 49fi@nwiseyih Research Lab
LﬂumiL?ﬁyEJdL“ljaéLﬁaﬁum pathophysiology 299N15L1AALsA
&3 Dr. Schrier L‘Tilmmiy,l,%"a\‘i acute tubular necrosis 1Ju
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