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Review Article JNST

Dyslipidemia in Chronic Kidney Disease

Nuntanutch Chanlerdfa, Bancha Satirapoj
Division of Nephrology, Department of Medicine, Phramongkutklao Hospital

Abstract

Dyslipidemia is a well-known traditional risk factor for cardiovascular disease that leads to an increase in morbidity
and mortality among the general population and patients with kidney diseases. High prevalence of dyslipidemia
is observed in patients with chronic kidney disease (CKD) and the degree of abnormality is highly related to the
severity of CKD. In addition to diabetes, obesity and smoking, other factors that may influence dyslipidemia in
CKD include uremic toxins, oxidative stress, endothelial dysfunction and renal replacement therapy. In addition
to heightening the risk of cardiovascular disease, dyslipidemia may also increase the rate of progression of CKD.
The levels of low-density lipoprotein (LDL) and other types of lipids including lipoprotein (a) and oxidized LDL
are highly associated with cardiovascular disease. The mainstay for management of dyslipidemia in CKD includes

modification of risk factors and the use of lipid lowering agents especially statins.

Keywords: DLP; renal failure; kidney failure; statin; hyperlipidemia; ESRD; ESKD; CVD
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arufinuniveslasuludeanuldveslufieialuuazdiaslsalaidess wasfulatodosdiddysonisinlsala
wazvaenidentasnadedin aufnisaluavausuusvesnuinunivedluduludeniinuwdsduaunisviauvesls
fidenas uenwdeluannlsaumniu anediuame uaznsguyvisudd Jedeiinuinanusadssasemiuinuniveslusiy
TudenluffinelsalnFess l¥un mefwmeswanide n1ag oxidative stress wadkivasadanyinuRnund waznistrdavaunil
nansgnuduiiorafetuainvesauinnivesuiuludenluvaslsalndosifenaifiusnsinsdouvedsalaiFess
nsivtuveslatuein low-density lipoprotein cholesterol (LDL) lipoprotein(a) waz oxidized LDL Wuinlasdunus
funnsiinlserilauazvanidensgaiiulddn Tunisquasnuwendeniswersmmdatadoidsssauiunisldenanlasi
Insanizenlungy statins

AdAey : ludulwdenas; lnney; lndew; Mlanaden; dudensiu

Lsahlauasnasadon Wuamnnisidediauaznisiia
amgymnan fwuldvesluielsaladeds Seduiudi
darmsnsedlaiianas anzluiuluidesiisunfilutedodes
dinlumsiinlsatilanarmaondonilulszmnsilluas
TufthelselnFess Seannsaialdmusalndosszesuan
ufsszozgavnefidedldiunisiidamaunla vinvedlusiu
fifaunfuazausuussazuanasiuluiuiuszervaslsn
n30%s wariBnsthdamaunulelugineladess nmsdila
awe wazwwInenssnwnngluiuludeniaund sauds
pdnmsmandaamans Jaiuselovilumsguadtaenguil

A15199 1 vTiaves lipoprotein lutiunaglusiudiuusznou

lwunvedduvesludulusienie
lusfufiegluidoniinarswin viafifannud ey 1dun
1) n3nlusiudast (free fatty acid) Faazdurvusayiivluiden
2) Insndwelsd (triglyceride) FsUsznaudendweseauas
nsalviudaszdnuiu 3 luana 3) Aelaalnasea (cholesterol)
Fonslnsndwelsruarnoiadinesealiaunsaazareiile
Jzgnandedunszuadonlusufinudiulusiuvinlaly
TUsitu (lipoprotein) isliimnuanusalunisavaneiile
Faiimaneviindauandlunsd 1

¥1iava4 Lipoprotein | AURUIUY (g/ml) lusiunan TWshudaudsznaunan
Chylomicrons 0.95 Triglyceride Apolipoprotein B-48
Very Low Density Lipoprotein (VLDL) 0.95-1.006 Triglyceride Apolipoprotein B-100
Intermediate density lipoprotein (IDL) 1.006-1.019 Cholesterol, Triglyceride | Apolipoprotein B-100
Low density lipoprotein (LDL) 1.019-1.063 Cholesterol Apolipoprotein B-100
High density lipoprotein (HDL) > 1.063 Cholesterol, Phospholipid | Apolipoprotein A-1

g/ml = grams/milliliter

JuUseriususIaune: Uyyvr adsenanl
dlua: satirapoj@yahoo.com
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wunveatuvedlalulusiuuannsaudsld 3 vuaums
Fauandluguil 1 16un

1. avunsiwueaguvsslalulusiuainuaninenie
(exogenous pathway)

lufuiigadulsianensazgnandeduguvedlalalunseu
(chylomicron) andlddngnssuaiden demnazgnioulssl
lipoprotein lipase (LPL) wWasuwlaadunsalotudase dee
gnaedudngsty wadndande waswadlusiu mudiusinag
Y9999 dufiwmieazideni chylomicron remnants 359z
gnandudngiuiiotluaadudiulsznavueaind uax
RIRRIERERRIRIN

2. urunsuunvedduvedhalulusiuniglusisnie
(endogenous pathway)

fuazdnisasslusiuviin very low-density lipoprotein
(VLDL) #afiduuszneundniulnsndwelss uazldesoan
ingnszuaiden seanazgnieles lipoprotein lipase Wasuy
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Free cholesterol
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194 intermediate-density lipoprotein (IDL) %dﬂ’lmiﬂgﬂ@@
nauludasu m%agﬂwﬁsul,ﬁu low-density lipoprotein (LDL)
aely @¢ LOL asdinirfiiinineiaaneseanduludadu
waziijoidosng ieanUsinuneanosoaluiden lny
Amdudndiu Uszuiudonay 60-80 dau LDL fiwde
srgniviulaedadenvsiauualasnig’

3. auaunisandgsledunavludedu (reverse
cholesterol transport)

lustumdnlunalni felasiusiln high-density lipoprotein
(HDL) #afiuriflimiaelaameseadnieadresseniendu
LSy iieanuiunnnsiaaneseaiavanluwad Ing
ofeoulwal lecithin cholesterol acyltransferase (LCAT)
lunsussgraeiaanesealy HOL Tiivuialuadu waz
andunduidsuriiums LDL receptor iieaaeidunsnia
LLa%gﬂ%’Uﬁy\‘laﬁJﬂﬁﬂﬂ’ﬁ’Nﬂ’lﬂ

— Endogenous pathway
- Exogenous pathway
— Reverse cholesterol transport

Peripheral
tissue

o~

y T
LDL ’—) HDL "

ecursgrs

UM 1 wunuedduvedludiv

LPL= Lipoprotein lipase, FFA= Free fatty acid, VLDL= Very low density lipoprotein, IDL= Intermediate density

lipoprotein, LDL= Low density lipoprotein, HDL= High density lipoprotein, LCAT= Lecithin cholesterol acyltransferase,

CETP= Cholesteryl ester transfer protein, HTGL= Hepatic triglyceride lipase

https://he01.tci-thaijo.org/index.php/JNST/index
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anuAnundvadluiuludenludiaslnFess
(597t 2 u,asg‘uﬁ 2)

Low-density lipoprotein

wiiszdu LOL Tudeslufaelsnla@odsdnlngazoy
Tunaeiund wiannisiidvesdedanlsaladess (uremic
toxin) a¥yIIUSHad small dense LDL Wag carbamylated
LDL iy Fsluusdadananiiauauifannsodiudily
avauneluwaduimasndonnsliinnssniau nsedueas
Watdenvnvidauualasiialviinisduiateaisisnan
waznanelumadiiGonin foam cell uazannsaldeusy
wuuldu oxidized LDL @adu LDL wfiafinszdunissniay
YosvaeaLdonlaunui

High-density lipoprotein

Hulwiusliniivaetostunmsgaduediviuluasaden
Immzﬁﬂ%mmamaﬂuﬁﬂa81@1!?”@%’& desnnsiiinadfindu
Ysvudevinlv 1) dn1sanasweslusiu apolipoprotein A-1
Fududruusenoundnues HOL 2) woulwsi LCAT e
anas FalilanunsaiUdeu HOL precursor 191 matured HDL
3) 1oulwsl paraoxonasel (PON1) Wwaz nitric oxide synthase
anas SeUndiinthigudiuuauns oxidation nadnSIwil
{Ainnn3 oxidation ¥1 LDL wae HDL tisanndiy 4) nazdniey
Tugnanie yhlsfinswdsenlsst myeloperoxidase (MPO) 911
diadenvivilauualasriaiivinantivasndon §
amnsanszdu HDL Aifiqns antioxidant Tnaneidugy
pro-oxidant g finaviiliiAnnisdnaurssniavasaidon
uﬁﬂﬁu I%aj‘dﬁa finaln reverse cholesterol transport
fiinund vlwldanunsaviatonazindnnaeiaainesen
29n91n3NNLA

Triglyceride

seulnsndiweladludenazifsdudausidnganylndoss
syosusnuaztiunntudlodglanidesessosaning oy
saslasunsuitanaunule Teedinalnifnain 1) dnnsasne
VLDL uaz chylomicrons @sflduuszneudulnsndwelss
Us1auann FaRnn carbohydrate intolerance wazn1s

%19 VLDL Teesuiiinndu 2) msmidnlnsndwelsdanas
nnsfeuled Afiminfigeslnsndwelsd Suldun
lipoprotein lipase (LPL) wag hepatic triglyceride lipase
(HTGL) fn1svinsuanas 3) Usuna apolipoprotein C-li ol
wihfinsgAun1Tiaves LPL anasuag apolipoprotein C-Ii
Feunduihiidudanisvaures LPL uinaniiadu

Lipoprotein(a)

Usznaulusae apolipoprotein A (Apo(a)) waz apolipo-
protein B-100 & dnweugAats LDL (LDL-like lipoprotein)
Fanuin lipoprotein(a) fanuduiusiuanudedunisin
Tsawlawagnasaidenageunn Ananadiutszneuiiiy
Apo(a) filassasieaanelusiu plasminogen vinlw
A131150k899UAU plasminogen receptor kagTAYIg
n15\Aa fibrinolysis e

Free fatty acid

armsadwunldidu 3 edaldun nsalofududs
v3e saturated fatty acid (SFA) uaznsalusiulidudidn
2 9il@ A® monounsaturated fatty acid (MUFA),
polyunsaturated fatty acid (PUFA) Tuanmgun@insalugdu
dasvaviduunaandsnundnvedle lnslanizwaaneln
dmu (proximal tubular cell) Fafuvinniidlalnaeunie
USunauwnn Tnensaladudasyasidndwadiiuninisiu
fiu CD36-fatty acid binding protein mnﬁ?mﬁmmumi
endocytosis Wrldngluwad wavgnirluldasrandenu
TululvmAounie WauaUIUNTS B-oxidation vinlwiAn
ANSESNANU ATP 910 citric acid cycle wag oxidative
phosphorylation #1u1

wuhithelsaladedsdseiuvomnsnluiudasludongs
niUssrnsaly dlesuunanuaiianuindisedu SFA wax
MUFA Tuiiengendn usilsezau PUFA Tudendninund
FamsiinslusiudaszgeasiliiAnnisazanveensnlusiu
Tuwad Tntanizlululnaowadiouiniy dewaald
laaunsaifin fatty acid p-oxidation 39inn1g oxidative
stress NSEAUNITBNEULALNIAALULAALIN
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A15197 2 ¥iaves lipoprotein ludunazlusAudulsznau

siinvasluiu Nephrotic CKD stage 5 ‘ Hemodialysis Per.iton.eal Kidney .
syndrome dialysis transplantation
Cholesterol 11 A A Tt t
Triglyceride Tt t t ttt Tt
IDL t 1 t t t
LDL tt /1 /1 t t
Small dense LDL t t 1 t _
HDL ! | | | o

IDL= Intermediate density lipoprotein, LDL= Low density lipoprotein, HDL= High density lipoprotein, CKD= Chronic

kidney disease

LDL Triglyceride
« 1 Small dense LDL « Carbohydrate intolerance
« MPO=» 1 Oxidized LDL « | LPL& HTGL=» | TG clearance
+ Urea/MPO—=> % Carbamelated LDL « $ ApoC-lI/ApoC-ll=» } TG
« AGEs—> 1 AGE-LDL clearance
« PD: loss protein in effluent « HD: Heparin—= § LPL
— 1 HMG-CoA reductase « Hyperparathyroidism=»  LPL
L LDL receptor « PD: tGlucose uptake from PDF

Dyslipidemia in CKD
HDL Lipoprotein(a) Free fatty acid
« L ApoA-1 « } Renal excretion « 1 SFARMUFA
« } LCAT=> | Matured HDL « 1 Apo(a) & Apo(B)-100 « } PUFA
« | PON1=> | Antioxidant activity = 1 Lipoprotein(a) « tFFA
« MPO=» t Oxidized HDL = Lipid accumulation in mitochondria

« J Reverse cholesterol transport

sUit 2 ansfisundvedluduludesludvaslaioss

LPL= Lipoprotein lipase, FFA= Free fatty acid, VLDL= Very low density lipoprotein, IDL= Intermediate
density lipoprotein, LDL= Low density lipoprotein, HDL= High density lipoprotein, TG= Triglyceride, LCAT= Lecithin
cholesterol acyltransferase, CETP= Cholesteryl ester transfer protein, HTGL= Hepatic triglyceride lipase,
MPO= Myeloperoxidase, AGEs= Advanced glycation end products, PD=peritoneal dialysis, HD= Hemodialysis,
PDF= Peritoneal dialysis fluid, HMG-CoA= 3-hydroxy-3-methylglutaryl-CoA, Apo= Apolipoprotein, PON1= Paraoxonasel,
SFA= Saturated fatty acid, MUFA= Monounsaturated fatty acid, PUFA= Polyunsaturated fatty acid

https://he01.tci-thaijo.org/index.php/JNST/index J Nephrol Soc Thail 2023; 29(2): 79-94
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NAINVBLHBYISY (uremic toxin)
paszavlvsiuluiden

1. nsawanves Indoxyl sulfate fAnaNNIsLUNUEATY
yoslUsiuisulszmulneuuafiBeludld uwazainnisiin
Wunstulaglafianas aznszdunisaiaansoyyadasy
20NTLAU (reactive oxygen species) wagyinliAnn1ay
oxidative stress

2. Malondialdehyde fdnanms peroxidation Uaglusiu
PUFA v liiAnnsidsuntasdnuaelassadsves LOL Tidu
malondialdehyde-modified LDL %ﬂﬁﬂmauﬁaﬂizﬁu
NIONIEUTDIAANADALT DN

3. Cyanate s‘ﬁammmmaaawmaagﬁa 738 thiocyanate
ViliinnswAeuulas LOL Wu carbamylated LDL &vanunse
N3EAUNTTATNAITOULADATEORNTAIU UazlinAUHAUNG
Ypswaanasadonta

4. Advanced glycation end products (AGEs) ViLﬁuﬁﬁu
vl LDL waswdu AGE-modified LDL @vanunsanssdiu
N159nLaU W1un19 Toll-like receptord (TLR4), CD36,
AGE-product-specific receptor (RAGE)

anuRaunAvasluiuludenludUlswenla
feinsaslaiisy

finalnnmsiinnngluiuludengaduideiulugdaels
GoYuhily wasfinalniududeellil

1. anglnsndwelsdluifengioraiinaniainnisld
asiunsulsiveadensdaienisu v ynisweniden
FaflnaanUsinaneulusl lipoprotein lipase Taen1svildin
nmsngaaenues teulsiduiduiuwadvasnidon dasion
wgnvhanei

2. aamsadns lipoprotein lipase InMinduvosEAU
gosluuninsesn

3. Apolipoprotein(a) wag apolipoprotein B Faudu
d2uUsznauved lipoprotein(a) qqéﬁu 1NTRTINIFAIN
apolipoprotein flanasmunisnsaslafianas

auraunAvadluiuludenluguledndln
RN BN
nudgUrgdlanisesviasdszdunasiaainesea
Insndwelss uar LOL figandnguaslsalaFesailuuas
Fheeniden fauandluansned 2 Tagnalaifinain
1. msaqdelusiuainnisdnslanisdesyies vl
nsifiudunisuanioenesBuiinruaunisaiiseuled

3-hydroxy-3-methylglutaryl-CoA (HMG-CoA) reductase
uazanUTIMYes LDL receptor iy iyt LOL Tuidengs
LLazm’Jﬁ]‘wulmﬂaLsualsm“lmﬁamqa%ulﬁﬂﬁwﬂﬂaﬂﬁﬁiﬂiau
$imatlaane vizewunTnsindulasy

2. mMsgadslusiunianisdelanisgesiowinlysduy
@574 lipoprotein(a) ey

3. fmam%uﬁwmaﬂqiﬂamﬂﬁlﬂméﬁﬂm yiltnsase
lipoprotein 91nsfuiRy VLDL 1nniu Fanulnsndiwelsdas
anzunsndauainnizluduluideaiaund

Nafan15iNIuYadln

amzlusiiludengamnsasnsdoumshnuvedaan
vanenaln leun

1. nmspanaunsnluiudase Wealwafia (phospholipid)
war lipoprotein Ainsesrunnfiwadvielndiuduifiniu
shlnseunissnavrewisluanieodrafes

2. nvagauves lipoprotein Tuvinwu mesangium U84
Tnawogda Fsagnsedunisains matrix uaziia glomerulo-
sclerosis f11U

3. Oxidized lipoprotein Ingtany oxidized LDL @11130
NILAUNITATI matrix wagnszdun1sdnauinliinis
wdsanslalalatunnieniwadidndenvsiawualasriag
1nSAERULaLY LI

4. széu HDL Tuidens il doauanansalumsiio
reverse cholesterol transport @sualiilpaoladnsoa
avauluwaduiniu sudansuinduvesad

nsAneludnivaassaiensAneInuan nssulsenu
mmiﬁlmﬂuga dnaviliiianesanimmnelady glo-
merulosclerosis Wag tubulointerstitial fibrosis a2 @1m5U
Toyaluuywd 91nN3An1 Modification of Diet in Renal
Disease (MDRD) daidunsdinuilugitaslmesanuinsesu
HOL Tuidensduiusfunisanasnesdnsinisnsadle
g venanidadinmsdnuiamuludreiihnuin seiu
AOLAALMOT0a LDL Way apolipoprotein B fiA1nuduius
Aun1TanasvessnsIn1TnIedlnegeiidedidg’ nsfnw
199 Chen uazamrlufiaelsalndossvesd 3-5 S1uau
3,303 318 WuINszAUABlAAINDToaTINTIgY duiusiy
NMTanaeenIINIINTBdlaLazn1sReslasun s UANALTIY
InoeefliodAgy’

nasaliaialauazvaanidon
dUrelaFesullgifinsalnsiinlsaiilauaznasniden
wnnduseansiily Tngannmsfinenudn adRnisaives
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nsidedinanimlaveadudeundu (sudden cardiac death)
duiusiudasinisnseslafianas Taswugiinisalgegn
Tugftheildsunmstrdanaunle® uwiludszansylunui
gnsnsiinlsaiilanarnasadonduiusiusedu LDL
fige szdulnsndwelssluideniigs wazseau HOL Tuideniisn
wiinnsAnunluguaeildfunisrenidendisiaiosiaiiioy
ndunuinszfuasiaanesealuldendifduiusfusns

FeTinfigedu Bonusngmsaiiidn cholesterol paradox
FsoSurnnednanannsiissiunasiaainesealudons
namglasuintg werntssnaudesilusnenie egls
fAoumaiislsavilauasuaondenlugiielndosoatuiy
Hadudunavetauenmilennsyduluiuluidendtinvily
fauanduased 3

a15197 3 YadeidesrenisiialsaiillanasvaenionludUielsalaiGess

Traditional risk factors

Uremia-related risk factors

» Older age + Uremic milieu
» Male sex « Anemia

« Hypertension .

» Diabetes « Dialysis vintage
» Obesity « Fluid overload
» Smoking » Oxidative stress
« High LDL « Malnutrition

e Low HDL .

 Physical inactivity .

» Genetic

Abnormal mineral metabolism (elevated PTH, hyperphosphatemia, Calcium load)

Chronic inflammation (C-reactive protein, interleukin-6)
Increased asymmetric dimethylarginine (ADMA)

LDL= Low density lipoprotein, HDL= High density lipoprotein

nsfnwnnagluiufinunaludiaslaFess
Hagtiuenanszdvluiuludendififeyaiivansvia loun
Statins
Statins #58 HMG-CoA reductase inhibitors 8anguns

o

Tnefuduauley HMG-CoA reductase dadutoulasiddgy

o

Doy

o

YDIYUIUNTATARDLAALADTOAINAU A1U1T08A LATIITEAU

A1519% 4 %ﬁﬂ&]’]ﬂfj:ll statins MLNdvIAAARSIBIEN

LDL nsndwelsd waranunsoifiusedu HOL Tudeald
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Mineralocorticoid Receptor Antagonist in
Diabetic Kidney Disease

Nilobon Puntuwun, Kittrawee Kritmetapak
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Abstract

Angiotensin-converting enzyme inhibitors, angiotensin Il receptor blockers and sodium-glucose cotransporter
2 inhibitors have become the standard treatment of diabetic kidney disease (DKD). Despite the efficacy of newer
drugs, the risk of progression of kidney disease, and cardiovascular morbidity and mortality remain substantial.
Overactivation of mineralocorticoid receptor has been reported to play an important role in the progression of
DKD and cardiovascular dysfunction through inflammation and fibrosis. Finerenone, a nonsteroidal selective
mineralocorticoid receptor antagonist, may contribute to cardiorenal protection with decreased risk of
hyperkalemia. Combining with the standard treatment, mineralocorticoid receptor antagonist has emerged as
a promising strategy in slowing the progression of kidney disease and lowering the risk of cardiovascular disease
in patients with DKD.
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Oxalate Nephropathy

Sutatip Chinpraditsuk, Aphichat Chatkrailert

Renal division, Department of Internal Medlcine, Faculty of Medicine, Thammasat university

Abstract

The exact function of oxalate in the body is unknown. Eighty percent of blood oxalate is synthesized by enzymes
in the liver and the rest is derived from diet. Factors that influence oxalate absorption from the intestine include
dietary calcium and fat intake and intestinal microflora. The main route of oxalate excretion is through the kidney.
In the situation where oxalate metabolism is impaired such as hereditary disorder or disorders of the gastrointestinal
tract, urinary oxalate excretion increases to compensate for the increase in circulating oxalate. The increase in oxalate
concentration in renal parenchyma and tubules can result in many forms of kidney dysfunction including acute and
chronic oxalate nephropathy or calcium oxalate urolithiasis. Prolonged exposure to oxalate can cause permanent
kidney damage and chronic kidney disease. Further impairment in oxalate excretion leads to oxalate accumulation
in other organs such as eyes, bone and heart. Kidney biopsy can reveal the presence of oxalate crystals in renal
parenchyma and tubules accompanied by tubular injury and damage. Current evidence suggest that calcium oxalate
crystal may trigger interleukin-1f-dependent innate immunity via the NLRP3 in intrarenal mononuclear phagocytes
and directly damage tubular cells. Specific treatments including liver and/or kidney transplantation or pancreatic
enzyme supplementation can eliminate oxalate accumulation. Other supportive care include increased water intake,
calcium supplement and dietary fat and oxalate restriction. Among patients who receive hemodialysis, blood oxalate

should be kept at the lowest level in order to prevent oxalate accumulation in other organs.
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Prediction of Dialysate Volume to Achieve the
Adequacy Target of Small Solute Clearance in
Chronic Peritoneal Dialysis Patients

Waraporn Natikarn, Thatsaphan Srithongkul, Suchai Sritippayawan
Nephrology Division, Faculty of Medicine Siriraj Hospital, Mahidol University

Abstract

Background: Adequacy of peritoneal dialysis (PD) depends partly on small solute clearance which is the product
of daily total dialysate volume (dTV) and D/P of that solute. DTV depends largely on the body size. Studies on
the prescription of PD to achieve adequacy in small solute clearance are limited. The present study aimed to find
simplified equations that could predict individual dTV required to achieve the targets of small solute clearance in
patients receiving continuous ambulatory PD (CAPD) and nocturnal intermittent PD (NIPD).

Methods: We retrospectively analyzed 246 CAPD patients and 100 NIPD patients using the results of peritoneal
equilibration test (PET), and residual renal function. The average dialysate/plasma urea (D/P urea), dialysate/plasma
creatinine (D/Pcr) and urine/plasma urea (U/P urea) were used to calculate dTV to achieve small solute clearance
target of weekly total KT/V urea >1.7 and normalized creatinine clearance (nCCr) =45 L/week/body surface area
(BSA) of 1.73 m”,

Results: The average D/P urea and D/Pcr in CAPD patients were 0.94 + 0.10 and 0.73+0.10, respectively. The median
U/P urea among non-users of furosemide was 4.2. The median U/P urea for users of <250 mg of furosemide daily
and =250 mg daily were 3.76 and 2.93, respectively. To achieve the target KT/V, the predicted dTV was 0.26 x total
body water (TBW) - 3 x urine volume (UV) for those using furosemide >250 mg daily and 0.26 x TBW - 4 x UV for
those using furosemide <250 mg daily. To achieve the nCCr target, the predicted dTV was 5 x BSA — 2 x GFR (ml/min).
In NIPD, the average D/P urea was 0.68 + 0.12 and the median U/P urea for furosemide users and non-users
were 3.35 and 4.2, respectively. To achieve the target KT/V >1.7, the predicted dTV was 0.36 x TBW - 5 x UV and
0.36 x TBW - 6 x UV for furosemide users and non-users, respectively. The predicted dTV to achieve the nCCr goal
depended on the category of PET and residual renal function.

Conclusions: The adequate dTV in CAPD patients was one-fourth of TBW. APD patients required 40% higher dTV
than CAPD patients. Residual renal function significantly reduced dTV.

Keywords: PD; adequacy; small solute clearance
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Introduction

Peritoneal and renal weekly total KT/V urea and
normalized creatinine clearance (nCCr) are commonly
used to determine adequacy of peritoneal dialysis (PD).
However, these parameters do not always represent the
clearance of all solutes.' Two large randomized controlled
trials have shown the associations between KT/V and
nCCr with clinical outcomes.”” Peritoneal solute clearance
depends on daily total dialysate volume (dTV) and
dialysate to plasma ratio of solutes (D/P). DTV is associated
with body size, whereas D/P ratio is affected by the type
of membrane transport and peritoneal contact time
(dwell time). Therefore, PD prescription should be
individualized according to the body size, the
characteristic of membrane transport and residual
renal function.*” Initial prescription of PD is mostly
prescribed from the experience of the physician.
Although the 2000 KDOQI guidelines suggested that the
initial PD prescription should be based on the patient’s
residual renal function and body surface area (BSA).
However, this suggestion is impractical in clinical setting.®
The present study aimed to find simplified equations
that could predict individual dTV required to achieve
the targets of small solute clearance in patients receiving

continuous PD.

Methods

Study Design and Population

This retrospective study included all adult (age >18
years) PD patients who were regularly followed at PD
unit of Siriraj Hospital and had peritoneal adequacy test
between January 2007 to December 2020. All continuous
ambulatory PD (CAPD) patients that received the PD
schedule of 2L/cycle with 2, 3, 4 and 5 exchanges per
days and all nocturnal intermittent PD (NIPD) patients
that received 9 to 10 liters of total dialysate volume in 10
hours with varying cycles per session. Data of PD adequacy
and standard peritoneal equilibration test (PET) were
collected. If there were several tests in the same patient,
the most complete and the earliest test of each mode
were selected for analysis. The mean of dialysate-to-
plasma ratio of urea (D/P urea), creatinine (D/Pcr), urine-to-
plasma ratio of urea (U/P urea), daily renal urea and
creatinine clearance (rCurea and rCCr, L/day) were
computed and used to calculate dTV to achieve
adequate small solute clearance targets (weekly total
KT/Vurea = 1.7 and nCCr = 45 L/week/1.73 m®) according
to the mode of dialysis, the number of exchanges per
day and the results of PET. Exclusion criteria were
patients who had adequacy and standard PET test
within 1 month of the episode of peritonitis. The formula

used for adequacy test in our study are as follows:

Total weekly KT/V urea = {{ [(D/Purea) xDV] + [(U/Pwea) xUV] } x7} / V urea----------—-—----— (1)

Equation (1) can be rearranged to predict the dialysate volume requiring for achieving the KT/Vurea = 1.7 as

follows (V urea = TBW, total body water) :

DV = [(1.7xTBW/7) - (UV x U/Purea)]/ (D/Purea) (1.1)
dTV = [(1.7xTBW/7) - (UV x U/Purea)]/ (D/Purea) ; DV = dTV (1.2)
Total weekly nCCr = {{ [(D/Pcr) xDV)] + GFR (L/day) } x7 x1.73} / BSA. ~--------——-------——- (2)
Equation (2) can be rearranged for predict dialysate volume requiring for achieve nCCr = 45
as follows:
DV = {45 (BSA)/(7x1.73) - [(U/PCr 4 U/Pwea) uv /21y [(D/PO) (2.1)
dTV = {45 (BSA(7x1.73) - [(U/P_ + U/P ) UV/21/ [(D/P_) ; DV & dTV ---memrommmemeev (2.2)
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Adequacy tests were performed using standard
method, where D/P urea and D/Pcr were the dialysate-to-
plasma concentration ratio of urea and creatinine,
respectively. U/P urea and U/Pcr were the urine-to-plasma

concentration ratios of urea and creatinine, respectively.

For Male:

DV was total dialysate drain volume (L/day). UV was urine
volume (L/day). dTV was total dialysate volume per day.
TBW, total body water was calculated by using Watson

formula,” as follow:

TBW = 2.447 - (0.09156 x age (yr.)) + (0.1074 x height(cm.)) + (0.3362 x weight(kg.))

For Female: TBW = -2.097 + (0.1069 x height (cm.)) + (0.2466 x weight(kg.))

BSA, body surface area was calculated by using Dubois & Dubois formula,” as follow:

BSA = 0.20247 x height (m.)*"* x body weight (kg.)***

The study was approved by the Ethics committee on Human studies at the Siriraj Institutional Review Board (SIRB).

Informed consent was not required.

Sample size calculation

In CAPD group, the sample size was calculated based
on the previous unpublished study of Siriraj Hospital by
Kongtal N. et al in 2015. The estimating mean coefficient
of BSA for nCCr = 45 was 4.9+0.8, 5.3+0.8 and 5.4+0.4, for
CAPD 2L/cycle 3,4, and 5 exchanges per day, respectively.’
These are higher than the estimating mean coefficient of
TBW for KT/V=1.7. The highest standard deviation variable
was chosen to calculate for the largest sample size. In
the 3 exchanges per day group, the sample size was 40
patients which was derived from the estimating mean
of one group to achieve a 95% confidence interval and
a marein of 5% error. For 4 groups of number exchanges
per day (CAPD 2L/cycle 2, 3, 4, and 5 exchanges per day),
the estimate of adequate sample size was 160 patients.

In NIPD group, the previous study showed that the
estimating mean coefficient of BSA for nCCr = 45 L/
week/1.73 m” was higher than the estimating mean
coefficient of TBW for KT/V=1.7. The estimating mean
coefficient of BSA of NIPD 10 L and 10 hr/day with 5
and 6 exchanges per day were 9.5+2.41 and 10.7+ 2.19,
respectively.” The highest standard deviation variable
was chosen to calculate for the largest sample size. In
the 5 exchanges per day group, the sample size was 25
patients which was derived from the estimating mean of

one group to achieve a 95% confidence interval and a

margin of 5% error. For 3 groups of number exchanges per
day (NIPD 10 L, 10 hr/day 5, 6 and 10 exchanges per day),
the estimate of adequate sample size was 75 patients.

Statistical methods

PASW Statistic (SPSS) 18.0 (SPSS, Inc., Chicago, IL, USA)
program was used in statistical analysis. For continuous
variables, the meanz+ SD were used for normally distributed
variables and the median and interquartile range (IQR)
were used for data with skewed distributions. We used
the two- tailed Student t-test to compare the continuous
data with normal distribution, and Mann-Whitney U test
for the non-normal distribution data. Spearman rank
correlation coefficient test (r) was used to quantify the
degree of association between continuous variables with
skewed distributions. Linear regression was used to study
the relationship between different factors. P-value of

<0.05 was considered to be statistically significant.

Results

Baseline demographic data are presented in Table 1.
The average age was 65.35+13.15 years. Fifty percents
were male. The average BSA was 1.61+0.19 m” The
median GFR [IQR] was 3.25 [1.74, 4.79] ml/min.
Twenty-four percent of the patients were anuric. The
mean PET value was 0.69+0.12. Seventy-four percent

of CAPD and seventy-one percent of NIPD patients took
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furosemide during the adequacy test. Total body water  was defined by the ratio of Watson formula TBW to the
(TBW) was calculated using Watson formula. To simplify  corresponding true body weight. The results of the

the TBW calculation, the coefficient of true body weight  coefficient value were 0.57 for male and 0.52 for female.

Table 1 Demographic data

Characteristics Total (N 346) CAPD (N 246) NIPD (N 100)

Age (yrs.) 65.35+13.15 63.98+13.29 63.72+12.25
Sex; Male (%) 173 (50) 124 (50.4) 49 (49)
Body weight (kg.) 59.35+12.58 60.87+12.58 55.59+11.82
Height (m.) 159.7+£9.13 160+9.43 159+8.37
Body surface area (m?) 1.61+0.19 1.63+0.19 1.56+0.18
Body mass index (kg/m?) 23.21+4.16 23.74+4.13 21.89+3.94
Urine volume (L; IQR) 0.65[0.12,1.10] 0.60 [0.09,1.12] 0.66 [0.26,1.10]

« Residual urine < 100 ml/day 84 (24.3) 65 (26.4) 19 (19.0)
Diuretics

« Furosemide 252 (72.8) 181 (73.6) 71 (71.0)

+ Spironolactone 25 (7.2) 15 (6.1) 10 (10.0)

Dose of diuretics
o Furosemide
 Spironolactone

500 [250,1000]
25 [25,50]

500 [250,1000]
50 [25,50]

500 [125,750]
25 [25,50]

Residual kidney function (ml/min)

3.25[1.74,4.79]

3.31[1.61,4.98]

2.83[1.82,4.48]

Ultrafiltration (L/day)

0.56 [0.09,0.92]

0.52[0.04,0.92]

0.64 [0.20,0.94]

Peritoneal equilibration test 0.69+0.12 0.70+0.12 0.65+0.12
D/P urea 0.85+£0.17 0.94+0.10 0.66+0.10
D/P cr 0.64+0.21 0.76+0.12 0.40+0.13
U/P urea 3.26 [2.53,4.68] 3.12[2.32,4.31] 3.78 [2.77,5.24]
U/P cr 6.48 [4.23,10.55] 6.33 [3.95,9.88] 6.62 [4.33,12.6]

Total weekly KT/V

2.18+0.60

2.15+0.60

2.26+0.60

D/P urea, 24 hour-dialysate urea concentration and BUN ratio; D/Pcr; 24 hour-dialysate creatinine concentration and

plasma creatinine ratio; U/P urea, 24 hour-urine urea concentration and BUN ratio; U/P creatinine, 24 hour-dialysate

creatinine concentration to plasma creatinine ratio

The equations used for dTV calculation to achieve the
adequacy targetsin CAPD group are shown in Tables 2 and 3.
The average D/P urea and D/Pcr in 2LX4 exchanges/day
were 0.93+0.10 and 0.73+0.10, respectively. The average
D/P urea and D/Pcr for other number of exchanges are
shown in Table 4. Neither average D/P urea nor D/Pcr
was significantly different between different category of
PET. In anuric patients, dTV required for weekly total KT/V
urea = 1.7 and nCCr = 45 L/week/1.73 m*were 0.26XTBW

and 5xBSA. In patients with daily urine volume =100 ml,
linear regression showed significant negative correlations
between furosemide use and dosage with urine-to-plasma
urea ratio (U/P urea). In contrast, urine volume did not
show any correlation with U/P urea (Table 5 and Figure 1).
Multivariate analysis confirmed the negative correlation
between furosemide use and dosage with U/P urea after
adjustment for urine volume (Coefficient-§ = -1.24,
p-value < 0.001 and Coefficient-f§ =-0.001, p-value = 0.008,
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respectively). The equations of dTV required to achieve
the targets of solute clearance according to the use and
the dose of furosemide are shown in Tables 2 and 3.
The median [IQR] of U/P urea in non-users and users
of furosemide <250 mg/day, and =250mg/day were
4.2 [2.66,6.42], 3.76 [2.95,5.07] and 2.93 [2.20,3.86],
respectively. To achieve nCCr target in patients with >100
ml of residual urine, the calculation of dTV followed the
same aspect of KT/V urea. Thus, dTV used to achieve the
adequacy targets had to be subtracted with urine volume
or GFR as the equation shown in Table 3.

In NIPD, analysis was performed in patients who
received 10 hours of 9-10 L of dialysate volume per
session. The average D/P urea in patients who received
5, 6 and 10 cycles per day were 0.68+0.09, 0.67+0.10
and 0.62+0.10, respectively. The average D/Pcr was
0.40+0.14, 0.40+0.11 and 0.37+0.12, respectively. In
anuric patients who received 5 or 6 cycles per day, dTV
required to achieve the solute clearance targets were
(0.36+0.10) x TBW or (9.3+0.14) x BSA. The average D/P

Table 2 The daily dialysate volume for adequate small

solute clearance, KT/V urea >1.7

0.24TBW - 4UV | 0.24TBW - 3UV

0.26TBW - 4UV | 0.26TBW - 3UV

0.28TBW - 4UV

0.28TBW - 3UV

urea was not different between the two categories of
PET. However, D/Pcr was significantly higher in the
faster transport type as shown in Table 6. This resulted
in higher transportere requiring less dTV to achieve the
creatinine clearance target (10 x BSA in PET<0.7 and 8.26 x
BSAin PET> 0.7). In patients with residual kidney function,
multivariate analysis showed a negative correlation between
furosemide use and U/P urea. The coefficient-f} value was
-1.54; 95%Cl [-2.56, -0.52]; p=0.004 (Table 7). The median
U/P urea was 3.35; IQR [2.69,4.83], and 4.2; IQR [2.66,6.42]
in furosemide users and non-users, respectively (Figure 2).
Therefore, the predicteddTV was 0.36 x TBW - 5 x urine
volume for furosemideusers and 0.36 x TBW — 6 x urine
volume in non-users (Table 2). Total dialysate volume
needed to achieve the creatinine clearance target in
subjects that received 5 or 6 cycles, 10 L and 9 - 10 hours
per session was 9.3BSA - 3.6GFR (ml/min). The slower
transport group required higher dTV compared to the
faster group (10.04+0.09 — 3.9GFR (ml/min) for PET <0.7
and 8.26+0.09 — 3.2GFR (ml/min) for PET >0.7).

Table 3 The daily dialysate volume for adequate small

solute clearance, nCCr =45

3.2BSA - 1.7GFR

3 4.5BSA - 1.7GFR

5.0BSA - 2.0GFR

9.3BSA - 3.6GFR

0.36TBW - 6UV

0.36TBW - 5UV

0.39TBW - 6UV

0.39TBW - 5UV

10.0BSA - 3.9GFR

TBW, total body water calculated by Watson formula
or in our study formula, male = 0.57xactual BW(ke.) and

female = 0.52xactual BW (kg.); UV, urine volume in liter.

BSA, body surface area calculated by Dubois and
Dubois formula; GFR, glomerular filtration rate calculated
by the mean value of 24 hour - urine creatinine and

urea clearance in m{/min.
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Table 4 Mean D/P urea and mean D/Pcr categorized by membrane transport type in CAPD group

Cycle/day

D/P urea (mean%SD)

CAPD (N = 131)

CAPD (N = 246)

D/Pcr (mean + SD)

PET < 0.7 N PET = 0.7 N p- value Total
2 0.97+0.09 7 0.98+0.04 7 0.65 1.02+0.08
3 0.94+0.08 9 0.94+0.09 18 0.75 0.95+0.08
4 0.92+0.10 42 0.93+0.12 42 0.20 0.93+0.10
5 0.94+0.04 6 - - - 0.86+0.12
Total 0.94+0.10

Cycle/day CAPD (N = 131) CAPD (N = 246)
PET < 0.7 PET = 0.7 Total
2 0.83+0.10 7 0.91+0.10 7 0.05 0.87+0.10
3 0.78+0.08 9 0.85+0.10 18 0.89 0.83+0.10
4 0.71+0.10 42 0.75+0.12 42 0.13 0.73+0.11
5 0.72+0.04 6 - - - 0.72+0.04
Total 0.76+0.12

Abbreviations: PET, peritoneal equilibrated test

Table 5 Correlation among diuretics, urine volume and U/P urea in CAPD group

Variables

Univariate analysis

Coefficient-f§ [95%Cl]

Multivariate analysis

Coefficient-§ [95%Cl]

Furosemide use 184 -1.30 [-1.93,-0.67] <0.001 - -
Furosemide dose 152 -0.001 [-0.001,-0.001] 0.01 -0.001 [-0.001,-0.001] 0.008
Spironolactone use 184 -1.60 [-1.13,0.81] 0.75 - -
Urine volume (L) 152 -0.26 [-0.58,0.06] 0.11 -0.29 [-0.60,-0.02] 0.07

This table shows the multiple linear regression of furosemide dose, normalized by urine volume on U/P urea in

CAPD group.
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Table 6 Mean D/P urea and mean D/Pcr categorized by membrane transport types in NIPD group

D/P urea (mean+SD
e/da PD 16 PD 00
PET < 0.7 N(32) PET = 0.7 N(14) p- value Total
5 0.67+0.09 13 0.70+0.06 8 0.32 0.68+0.09
6 0.70+0.14 12 0.71+0.03 3 0.86 0.67+0.10
10 0.66+0.12 7 0.71+0.10 3 0.56 0.62+0.10
Total 0.66+0.10
D/P ea D
e/da PD 46 PD 00
PET < 0.7 N(32) PET > 0.7 N(14) p- value Total
5 0.34+0.05 13 0.43+0.09 8 0.01 0.40+0.14
6 0.40+0.11 12 0.48+0.11 3 0.30 0.40+0.11
10 0.38+0.08 7 0.53+0.10 3 0.04 0.37+0.12
Total 0.40+0.13

Table 7 Correlation among diuretics, urine volume and U/P urea in NIPD group

Variables Univariate analysis Multivariate analysis

Coefficient-§ [95%Cl]

Coefficient-f [95%Cl]

Furosemide use 81 -1.69 [-2.69,-0.69] 0.001 -1.54[-2.56,-0.52] 0.004
Furosemide dose 60 -0.001 [-0.002,<0.001] 0.11 - -
Spironolactone use 81 -0.011[-0.064,0.043] 0.66 - -
Urine volume (L) 60 -0.31 [-1.14,0.52] 0.46 -0.44[-1.27,0.39] 0.29
104
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Figure 1 Correlations between furosemide doses and U/P urea in CAPD group

U/P urea, 24 hour-urine urea concentration and BUN ratio; CAPD, continuous ambulatory PD.
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12.50+ p=0.014

10.00

7.50

U/P urea

5.004

2.504

.00

T T
No Yes

Furosemide use

Figure 2 U/P urea between in furosemide users and
non-users in NIPD group U/P urea, 24 hour-urine urea
concentration and BUN ratio; NIPD, nocturnal intermittent
PD.

Discussion

The current ISPD 2020 guideline recommends the
assessments of patient report outcome measures,
fluid status, nutritional status and toxin removal (urea
and creatinine clearance) to provide the high quality
PD care.”” Although there are no specific small solute
clearance targets, the data from two large RCTs showed
that increasing KT/V urea to >1.7 could improve uremia
related symptoms, hyperkalemic, metabolic acidosis
and anemic status.”’ There is no high quality evidence
regarding other measurements that can predict patient
outcome and survival. This may justify using small solute
clearance targets with clinical assessment to guide the
treatment adequacy. Small solute clearance depends on
dTV and D/P ratio of that solute. Our study attempted
to simplify the estimation of dTV required to achieve
the weekly total KT/V »1.7 and nCCr >45 L/week/1.73 m”
in stable chronic PD patients. DTV depends on the body
size (volume distribution of urea = total body water,
body surface area) and D/P ratio of urea and creatinine.
The D/P ratio is affected by dwell time and the type of
peritoneal solute transport which can be tested by PET.
Dwell time directly relates to total duration and the

number of cycles per PD session, whereas transport

depends on several individual factors. Residual kidney
function also affects patient outcomes and is more
efficient for solute clearance compared to peritoneal
clearance. Residual kidney function also helps reduce
dialysis dose and supports incremental PD prescription.
Knowing the KT/V or nCCr targets, D/P urea, D/Pcr and
residual renal function, we can estimate dTV according
to TBW or BSA and their coefficient factors subtracted
by the residual urine volume with its coefficient factors.
To achieve the same KT/V target, dTV is approximately
one-fourth of TBW in CAPD group which was less than dTV
in NIPD (one-third of TBW) because of the longer dwell
time in CAPD. The longest dwell time in NIPD is only 2
hours, whereas the dwell time in CAPD can be extended
up to 6 hours.

In CAPD, the number of PD cycles per day affected
dTV requirement due to decreased peritoneal contact
time. Dialysate volume requirement needed to be
decreased and increased about 8% to achieve adequate
urea clearance when changing PD schedule from 3 or 4
cycles per day to 2 and 5 cycles per day, respectively.
To achieve adequate creatinine clearance, dTV needs
to be decreased by approximately 11% and 23% when
changing PD schedule from 4 cycles per day to 2 and 3
cycles per day, respectively. These will have an effect
only when the calculated dTV is suitable for 2 or 5
exchanges, for example, 4 L or 10 L. But it will have
a small effect if the cycle of CAPD must be changed
because increasing or decreasing 1 cycle of CAPD will
change 20 - 30% of dTV which can overcome the
changes in D/P ratio. The average D/P urea and D/Pcr
in CAPD patients were similar in both groups of PET
which could be explained by the long dwell contact
time resulting in the equilibrium of both urea and
creatinine in the blood and peritoneal fluid. Our
study showed that the category of PET had less effect on
D/P urea and D/Pcr in CAPD compared to the number of
PD exchanges which was related to peritoneal contact
time.

In NIPD, increasing the number of cycles per day
from 5 or 6 to 10 reduced both D/P urea and D/Pcr

by approximately 8%. The mean D/P urea was similar
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between different peritoneal transport types (PET <0.7
and PET >0.7), which is in contrast to 24% higher D/Pcr
in the faster group. Peritoneal transport type affected
creatinine clearance but not urea clearance in NIPD
patients. This is due to the lower molecular weight of
urea compared to creatinine. The lower transport group
needed 20% more dTV compared to the higher transport
group. Due to the small number of enrolled patients,
there were insufficient data to form the equation that
would be able to predict dTV for each PET category.
To achieve the same KT/V urea and nCCr targets, NIPD
patients (10L/10hour 5 cycles/session) required 40%
and 80% higher dTV.

In patients who had residual kidney function, dTV
was significantly reduced especially in NIPD group. Every
250-350 ml of residual urine volume in CAPD and 150-200
mLlin NIPD could reduce 1 liter of dTV requirement. Lower
dTV can minimize metabolic complications of glucose
such as hyperglycemia, peritoneal membrane dysfunction,
peritonitis and can improve patient compliance. Our
analysis showed that furosemide use was correlated
with the decrease in U/P urea ratio which could be
related to the effect of urinary dilution or increasing
urea reabsorption in distal tubes. Rudolf et al dem-
onstrated in 7 stable CAPD patients that furosemide
increased urinary excretion of water without affecting

the urea clearance."

Limitations

The present study is a retrospective study and the
association between furosemide and U/P urea could be
affected by other confounders such as protein and water
intake or volume status. CAPD patients in our study used
only 2 liters of fill volume and NIPD patients used 9-10
liters of fill volume for 10 hours per session, therefore,
the results may not be generalized to other types of
prescription. Due to the small number of PD patients that
received PET, the data might be insufficient for analysis
among different types of peritoneal solute transport.
These simplified formulae requires validation in other
populations. Adequacy study should be performed again

after changing the prescription.

Conclusions
This study demonstrated the possibility of calculating
dTV to achieve the adequacy targets of small solute

clearance in chronic PD patients.
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Abstract

Background: Currently, there are no recommendations in terms of timing for discontinuation of intermittent kidney
replacement therapy (IKRT) in acute kidney injury (AKI). Cell cycle arrest biomarkers including urine tissue inhibitor of
metalloproteinase-2 (TIMP2) and urine insulin-like growth factor binding protein-7 (IGFBP7) have been shown to have
good performance in predicting AKl in different groups of patients. Recent evidence also suggests the ability of urine
cell cycle arrest biomarkers in predicting renal recovery. The present study evaluated the association between urine
TIMP2*IGFBP7 levels and successful discontinuation of intermittent hemodialysis in patients with AKI.

Methods: We prospectively enrolled medical and surgical patients who were diagnosed with AKI based on KDIGO
2012 criteria and required intermittent hemodialysis from July 2021 to January 2022. Urine volume, serum creatinine,
and urine TIMP2*IGFBP7 were measured before every session of hemodialysis that was likely to be the last session.
The primary outcome was the successful discontinuation of IKRT for 14 days.

Results: Thirty-nine sessions of hemodialysis from 17 patients were included. Successful termination of IKRT for
14 days followed 8 (20.51%) of the 39 sessions. There was no association between urine TIMP2*IGFBP7 and
the outcome with the area under the receiver operating characteristic curve (AUC) of 0.55 [95% confidential
interval (Cl) 0.32-0.77, P=0.66]. On the other hand, 24-hour urine volume prior to hemodialysis session had a
fair performance in predicting successful discontinuation of IKRT with the AUC of 0.76 [95% Cl 0.56-0.96, P=0.023].
The optimal cut-point of urine volume was >1,478 ml/day (Youden’s index 0.49)

Conclusion: There was no association between urine TIMP2*IGFBP7 levels and successful discontinuation of IKRT
in patients with AKI. 24-hour urine volume prior to hemodialysis session showed a fair predictive performance

of renal recovery.
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Introduction of chronic kidney disease (CKD). Approximately 10-30%
Acute kidney injury (AKI) is common in critically ill  of patients with AKI who require KRT remain on dialysis
patients. Patients who require kidney replacement therapy ~ at discharge from the hospital.”” The Kidney Disease

(KRT) showed increased risk of mortality and development  Improving Global Outcomes (KDIGO) Clinical Practice
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Guideline 2012 for AKI suggests discontinuing KRT when
it is no longer required or not consistent with the goals of
care. However, there are no data on timing or parameters
that may predict successful discontinuation of intermittent
kidney replacement therapy (IKRT) in AKI.“ The decision
to discontinue KRT largely depends on the perspective
and experience of primary nephrologist. Tissue inhibitor
metalloprotease 2 (TIMP2) and Insulin-like growth factor
binding protein 7 (IGFBP7) produced and secreted from
renal tubular cells during early stress exposure, are
involved in the G1 phase of cell cycle arrest and play role
in cell recovery. TIMP2*IGFBP7 have good performance
in predicting the risk for AKI in many populations. Recent
evidence also suggests TIMP2*IGFBP7 may be able
to predict renal recovery. This study evaluated the
association between pre-IKRT urinary TIMP2*IGFBP7
level and successful discontinuation of IKRT in critically

ill patients.

Methods

This is a prospective observational study that was
conducted at Bhumibol Adulyadej Hospital, Bangkok,
Thailand. This study was approved by the Human Ethics
Committee of Bhumibol Adulyadej Hospital, Royal Thai
Air Force (Bangkok, Thailand) with the institutional
board review number 67/64. Due to COVID-19 pandemic,
informed consents were obtained by signature or

verbally from all patients.

Study population

We prospectively enrolled medical and surgical
patients who were admitted between July 2021 to
January 2022. Sessions of IKRT from the enrolled
patients were included in the analysis. The inclusion
criteria were as follows: (1) age =18 years; (2) diagnosed
with AKI according to KDIGO guidelines 2012; (3) required
at least 2 sessions of IKRT (including those who were
switched from continuous kidney replacement therapy
(CKRT); (4) had the potential last IKRT session (causes
of AKI were managed, urine output > 200 ml/day, had
none of the following metabolic abnormalities including

serum potassium >6 mEg/L, ECG abnormalities, serum

magnesium >3 mEag/L, arterial pH <7.15 or venous pH
<7.12), had no signs or symptoms of volume overload
and received any vasopressors at a dosage <0.1 mcg/keg/
min. We excluded patients with chronic kidney disease
stage G5 (CKD G5), kidney transplantation, glomerular
diseases, thrombotic microangiopathy (TMA), obstructive
uropathy, and the decision to forgo life-sustaining
treatment.

Data collection

Baseline parameters including age, gender, weight,
height, cause of AKI, underlying diseases, and 24-hour urine
output before IKRT sessions were recorded. Sequential
organ failure assessment (SOFA) score, acute physiology
and chronic health evaluation (APACHE) Il score and
blood parameters including complete blood count,
blood urea nitrogen, creatinine, albumin and electrolyte
levels were measured before each IKRT session. Urine
volume, 24-hour urine creatinine and serum creatinine
were collected until the next IKRT session or for a
maximum of 3 days post-IKRT session. Urinary TIMP2*IGFBP7
levels were measured before IKRT session. The primary
outcome was the successful discontinuation of IKRT for
14 days. The secondary outcome was the successful

discontinuation of IKRT for 28 days.

Biomarker measurements

Urine samples were collected prior to the IKRT session.
Immediately after collection, 5 milliliters of urine were
centrifuged at 3000 RPM for 10 minutes and stored
at - 20 degrees Celsius. TIMP-2 and IGFBP7 were
measured with the VITROS 5600 Integrated System
(Astute Medical, San Diego, CA, USA). The VITROS 5600
Integrated System reports the product value of the two
protein concentrations ([TIMP-2]*[IGFBP7]) in units of
(ng/mL)2/1000.

Statistical analysis

Stata MP 13.0 (StataCorp LP, TX, USA) was used for
statistical analyses. The Shapiro-Wilk normality test
was used to identify the distribution of the data.

Categorical data were reported as numbers and
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percentages. Continuous data were reported as mean +
standard deviation (SD) or median (25th and 75th
percentiles). Continuous data were compared using
Mann-Whitney U and Student’s T-test. Categorical data
were compared using the Chi-square test. The causative
association was tested by Poisson regression. The
predictive ability was tested with the receiver operating
characteristic (ROC) curve and the optimal cut-off
value was determined by the Youden index. Statistical
significance was indicated by a two-sided p < 0.05 for

all analyses.

Results

During the study period, 17 patients with 51 sessions
of IKRT were enrolled in the study. Twelve sessions were
excluded because 7 sessions were from the patients who
had CKD G5, and 5 sessions had protocol violation. Of 39
sessions included in the analysis, 8 sessions were followed
by successful discontinuation of IKRT. The study diagram
is shown in Figure 1. The mean age for all patients was
68.35 + 17.60 years. Seven out of 8 successful IKRT
discontinuation were sustained for 28 days. Most patients
were female. The common underlying diseases were
diabetes mellitus, hypertension and dyslipidemia. There
was no significant difference in baseline characteristics
between the two groups except for urine output. The
level of pre-IKRT urine TIMP2*IGFBP7 was lower in the

successful IKRT discontinuation group but the difference
did not reach statistical significance [0.58 (0.20,1.26)
and 0.88 (0.18,0.64); p=0.67] (Table 1 and Figure 2a).
The group with successful IKRT discontinuation showed
significantly higher 24-hour urine output prior to IKRT
compared to unsuccessful discontinuation group
(1,755 (683) milliliters vs. 1131.35 (566) milliliters, p= 0.04)
(Table 1 and Figure 2b). The causative association
analyzed by Poisson regression model showed no
association between pre-IKRT urine TIMP2¥IGFBP7 level
and successful IKRT discontinuation at 14 days. (Table 1)
On the other hand, we found that 24-hour pre-IKRT
urine output 21,500 ml/day was associated with a higher
rate of successful discontinuation of IKRT at 14 days.
(estimated incidence rate ration (IRR) 5.36; 95% Cl
1.24-23.08, P=0.01). From ROC curve analysis, we found
an association between 24-hour pre-IKRT urine output
and successful discontinuation of IKRT [AUC 0.76 (95%
Cl 0.56-0.96, P=0.023)]. The AUC of pre-IKRT urine
TIMP2*IGFBP7 level for successful discontinuation of
IKRT was 0.55 (95% Cl1 0.32-0.77, P=0.66). The combination
of pre-IKRT urine output and urine TIMP2¥IGFBP7 level
did not improve the AUC (data not shown). However,
the cutoff of 24-hour pre-IKRT urine output at 1,478 ml/
day yielded good sensitivity and specificity in predicting
successful discontinuation of IKRT (Youden’s index 0.49).
(Figure 3)

51 IKRT

Exclude
« CKD G5 (4)
« Protocol violation (5)

Urine TIMP2¥IGFBP7 prior to 42 IKRT

Excluded new evidence of CKD G5 (3)

Successful IKRT discontinuation cohort (8) ——

<

—— Unsuccessful IKRT discontinuation cohort (31)

'

39 IKRT sessions for ROC analysis

Figure 1 Study flow diagram

130 U Nephrol Soc Thail 2023; 29(2): 127-134

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



Original Article JNST

Table 1 Baseline characteristics of successful and unsuccessful discontinuation of kidney replacement therapy

Successful discontinuation Unsuccessful discontinuation

Parameters

(n=8) (n=30)
Age, years 62.87 (20.60) 69.77 (16.83) 0.55
Male, n (%) 3 (37.50) 11 (35.48) 0.92
Comorbidity, n (%)
Diabetes mellitus 4 (50.00) 19 (61.29) 0.56
Hypertension 3(37.50) 10 (32.26) 0.77
Dyslipidemia 2 (25.00) 11 (35.48) 0.57
Coronary artery disease 1(12.5) 4(12.9) 0.97
Cerebrovascular disease 1(12.5) 4(12.9) 0.97
CKD G3b 1(12.5) 1(3.23) 0.28
CKD G4 0(0) 5(16.13) 0.22
BMI, median in |<g/m2 22.42 (21.47,23.87) 24.52 (20.44,26.29) 0.43
Admission type, n (%)
Medical 6 (83.87) 26 (65.00) 0.56
Surgical 2 (25.00) 5(16.13) 0.56
KRT initiation, n (%)
Intermittent KRT 5 (62.50) 24 (77.42) 0.38
Continuous KRT 3 (37.50) 7 (22.58) 0.38
Cause of AKI
Septic 4 (50.00) 14 (45.16) 0.80
Ischemic 4 (50.00) 21 (61.74) 0.35
Covid-19 infection 1(12.5) 5(16.3) 0.80
SOFA score, Median 7.5(6.5,8) 8 (6,9) 0.96
APACHE Il score, Median 23 (20,28.5) 23 (18,28) 0.97
MAP, mmHg 101.12(12.8) 94.36 (22.26) 0.79
Vasopressor usage, n (%) 1(12.5) 1(3.23) 0.28
Glasgow coma score 12.50 (1.97) 11.51(1.92) 0.37
Urine output, ml/day 1,755 (68) 1131.35 (566) 0.04*
Laboratory data
BUN, me/dL 88.62 (48.02) 90.38 (26.70) 0.37
Creatinine, meg/dL 5.68 (3.67,8.21) 6.76 (4.92,6.76) 0.51
Hemoglobin, g/dL 9 (8.35,9.55) 9.3 (8.7,10.5) 0.76
Platelet, /m’ 310,375 (212,078) 210,774 (105,080) 0.42
Total bilirubin, mg/dL 1.20(1.29) 3.24 (6.34) 0.33
pH 7.38 (7.36,7.42) 7.34(7.32,7.4) 0.34
Sodium, mEg/L 136.5 (134.5,141.5) 137 (134,141) 0.64
Potassium, mEg/L 4 (3.9,4.7) 4.4 (3.9,4.8) 0.87
HCOBy mEag/L 19 (17,22) 19 (16,23) 0.70
Urine TIMP2*IGFBP7 0.58 (0.20,1.26) 0.88 (0.18,0.64) 0.67

CKD, chronic kidney disease; BMI, body mass index; IKRT, intermittent kidney replacement therapy; AKI, acute kidney

injury; MAP, mean arterial pressure
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Table 2 Poisson regression models for factors associated with successful disontinuation of kidney replacement therapy

Parameters | IRR* | 95% Confidence Interval | P-value
Urine TIMP2*IGFBP7 <0.21" 1.28 0.19-8.569 0.80
Urine TIMP2*IGFBP7 <0.3" 1.07 0.30-3.83 0.92
Urine TIMP2*IGFBP7 <0.975" 2.32 0.53-10.09 0.23
Urine TIMP2*IGFBP7 <2* 1.53 0.22-10.54 0.65
Pre- IKRT urine output >1,000 ml/day 1.68 0.39-7.24 0.47
Pre- IKRT urine output >1,500 ml/day 5.36 1.24-23.08 0.01
Pre- IKRT urine output >2,000 ml/day 4.08 1.38-12.02 0.02
APACHE Il score <19 0.85 0.20-3.58 0.82
Lactate > 2 mmol/L 0.79 0.122-5.29 0.80
BUN <50 mg/dL 1.71 0.30-9.92 0.55
Creatinine <4 mg/dL 1.52 0.39-6.14 0.55

*Estimated incidence rate ratio; +In unit of (ng/mL)2/1000; IKRT, intermittent kidney replacement therapy
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Figure 2 Differences in parameters associated with successful and unsucessful discontinuation of intermittent kidney
replacement therapy. a) urine TIMP2*IGFBP7 and b) 24-hour pre-IKRT urine output
IKRT, intermittent kidney replacement therapy
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Figure. 3. Receiver Operating characteristic curve for successful discontinuation of intermittent kidney replacement
therapy. a) 24-hour pre-IKRT urine output and b) pre-IKRT urine TIMP2*IGFBP7

IKRT, intermittent kidney replacement therapy; AUC, area under the curve
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Discussion

Despite the suggestion by KDIGO guidelines 2012 to
discontinue KRT when it is no longer required, there are
no clear recommendations in terms of useful parameters
or optimal timing for IKRT discontinuation in AKI. Most
studies were conducted in CKRT population, and the
parameter values varied depending on the timing (before
or after IKRT) of data collection.® According to the
systematic review, several variables have been identified
as predictors for successful discontinuation of KRT but
there was heterogenicity in the timing of measurement
and threshold values, the pooled analysis was not
possible. Despite this limitation, urine output before
discontinuation of KRT was the most studied variable and
seemed to be the most robust variable for prediction
of IKRT discontinuation. However, the reported optimal
cut-offs for pre-IKRT urine output varied between 191 ml/
day to 2,330 ml/day.”” Due to this wide range of pre-IKRT
urine output, using urine output as the only parameter to
predict KRT discontinuation may be unreliable.

Cell cycle arrest biomarkers, urinary TIMP2*IGFBP7
has been approved by FDA in 2014 for risk prediction
of moderate to severe AKI in critically ill patients. These
biomarkers are expressed and secreted from renal
tubular cells after early renal stress. Urinary TIMP2*IGFBP7
are involved in G1 cell cycle arrest during the early phase
of cellular stress and play a role in cell recovery. In theory,
KRT may be discontinued when intrinsic renal function
recovers. Unfortunately, there is no reliable parameter
to predict the recovery of renal function. The ability of
urinary TIMP2*IGFBP7 in predicting AKl is helpful in risk
assessment.”? The decline in urinary TIMP2*IGFBP7 after
recovery of AKI has also been suggested in patients
receiving cardiac surgery.””™

In this study, we did not find a causative association
between pre-IKRT urinary TIMP2*IGFBP7 level and
successful discontinuation of IKRT at 14 days. On the
other hand, 24-hour pre-IKRT urine output was associated
with a higher rate of successful discontinuation of IKRT
at 14 days. With the cut-off value of >1,478 ml/day,
24-hour pre-IKRT urine output showed a fair predictive

ability. Our data agrees with the previous systematic

review on the importance of urine output as a clinical
marker to help guiding IKRT discontinuation.” To our
knowledge, the present study was the first prospective
study that evaluated the ability of urinary TIMP-2*IGFBP7
level in predicting successful discontinuation of IKRT.
Limitations of this study include small number patients
and the criteria for the last potential IKRT session were
subjective. A larger study will be necessary to confirm the
usefulness of urine TIMP-2*IGFBP7 in predicting successful
discontinuation of IKRT.

In conclusion, pre-IKRT urinary TIMP2*IGFBP7 level
did not show predictive performance for successful
discontinuation of IKRT in AKI. Pre-IKRT urine output had
a fair predictive ability for successful discontinuation of
IKRT at 14 days.
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Cholesterol Embolism after Cardiac
Catheterization: A Case Report and
Literature Review
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Abstract

Aging is the major risk factor for atherosclerosis and cardiovascular disease. As aging population increases, more
patients develop coronary artery disease requiring diagnostic and therapeutic interventions such as coronary artery
angiogram and angioplasty. One of the complications of such procedure is the rupture of cholesterol plaque. The
cholesterol emboli can travel to more distal part of the arteries causing obstruction leading to organ ischemia as
well as inflammation. If the emboli occludes renal arterial system, acute kidney injury or acute kidney disease may
be the results. Patients typically present with progressive decline in renal function in association with ischemia of the
skin and/or other organs. Making a diagnosis of cholesterol embolism requires high clinical suspicion in susceptible

patients who undergo major cardiovascular procedure.
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vasaideniila Fanuinflfuaslsailanaznasniden
fsndudealdiunisindvasndeniila wienisuidn
waaadondudiuiuuin mevihinan1siangs eniliie
AMAvlANeTEATgARAraaniden (cholesterol emboli)
masnld Tnetladedosdo fuaogeeny fMaalnFesaundey
wariinzanuiuladingandusseznaiunu finussenu
fuaendgaeny 95 T Aldunisidadeiduilanedivion
Uoavasads Idfunisinduasaideniilafioussidy
vaeaidorlalsund vdsniuaesdua Budfiutumudh

Sufuinmelanedsundy nan1snsIatuLaus MR
Wrldnunnzraladneseanangavasniion (cholesterol
emboli) SIUNITILNUNUNIUITIUNTTUTLNEIVBIR I

Y
3189UK U8
Hrendtlneg 91y 95 U gdwwsinedminiilsalsedndi

U
'

Wuuminu #5139 HbALC a18n 6.3%, fasting blood sugar
104 mg/dl Asiuladings Tadesn 13 U & systolic blood
pressure 160-180 mmHg ag diastolic blood pressure
90-110 mmHg lusiuluengs lsalaidosiszesd 3 baseline
Creatinine (Cr) 0.9-1.2 mg/dl gaaulUanes w15
nsmngilaany 18funsidndound 2553 Aanudian

Taifinsndusdugn

JuUseriususIaIne: aaanne iielvensyga
= g . . .
aua: mymildminddd@gmail.com

0929

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

license unless otherwise stated.

136 J Nephrol Soc Thail 2023; 29(2): 135-143

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



Clinical Pathology JNST

5 deu fvuaw 2 4 wiesueusuldldidug weq
inmumsiesnauldunmsitatiameiilaneiviaen
naenda lnesnsiudulvgiiunnzanudilaiingdings
FasldSuenanmnuiumaaoniden Taenduilaany andu
YFugmvanauduaunautula

3 ou Wunmsitasunnsilanadonuaziilanei
Wuen asaanaulniinilonu T wave inversion lu lead II,
V1-V5, 71599 troponin-T I 50 wae 55.9 ne/l vsiuanudalus
ARy 1ASUNISMI9 transthoracic echocardiography
\RsAuny LVEF 77%, no regional wall motion abnormality,
dilated left atrium and right atrium, preserved right
ventricular contraction, moderate to severe tricuspid
regurgitation with pulmonary hypertension (mean
pulmonary arterial pressure 31.5 mmHg)

2 ou daflvrvay 2 419 wilesususulily Hiuan
wilesnansiu 1d3unisifdadunnedilareiviuten
lasuendutlaanziazlasunisvin coronary angiography
WU insignificant coronary artery disease, Cr AgU¥1 coronary

angiography 1# 0.84 mg/dl (Glomerular filtration rate, GFR

aniilasuagUaglu

59.68 mL/min/1.73 m?) vdea1ntiu Cr Yugean 1.53 mg/dl
Jui 5 naslasuaisiiunas (contrast media) wazA9ye

ANAININANAU UGS 1.25 mg/dl Aoundutu
1 1fou THULAITUNIT SUTRUANUSUNTNDNWAZ NS

nduaulunen wazkuuw il ivedes ldduwaluuin

Taiflausae TafiRuwinas ladwediuiuuiuiney 11599

WHUNRIYTN UtUn31939N8WyY multiple ill-defined

erythematous patches on trunk and extremities Uz

Andla widespread eczema lalin13snwse prednisolone
10 mg/day 5 Ju, wazlé topical steroid Tuy Jutiulilasu

ASL1LLaDN

2 §UANYinau U1Ms9RAAINANTUNINTY ASITNU

multiple discrete erythematous papules, patches and

plagues at trunk and extremities M19ULNNERINTS

AnsralursuudinsAntin1Ie widespread eczema

WB9nsensearsrernaaulUlasuen SIuMeaneae

voaRudliiiniudnuagreinisuie sauivvaueduilias

PUNMAU aedeRndamanutaanzwazdnizinlanguviny

Jondslasunisuaulsanguna

Start duration Start duration

Drugs and dose

Drugs and dose

Amlodipine 10 mg/day Mé’qﬁ'wﬁuué’a Clopidogrel 75 mg/day 4 \piou
Ferrous sulfate 600 mg/day 2 1oy Bisoprolol 2.5 mg/day 19
Isosorbide dinitrate 30 mg/day 3 U Sitagliptin/metformin (50/500) 1 tab/day 13
Hydralazine 200 me/day 3 19U Simvastatin 20 mg/day 6

A1529319NBUINTU
Vital signs : Temperature 36.6° C, BP 138/57 mmHg,

Pulse 68/min, Respiratory rate 24/min

General appearance : Alert and cooperative, not pale,

HEENT :
Skin:

no jaundice, no parotid gland enlargement
no oral ulcer, no alopecia

multiple scaly non-blanchable erythematous
plaques and patches at trunk and extremities,
no mucosal involvement, generalized dry
skin (gﬂﬁ 1)

Cardiovascular system: regular, equal all peripheral

pulse, PMI at 6™ intercostal space, lateral

to midclavicular line, normal S1, loud P2,
no murmur

Respiratory system : equal breath sound, fine crepitation
both lower lungs

Abdomen : normal bowel sound, soft, not tender, liver
and spleen not palpable

Extremities : pittingedema 1+, swelling of right extremities,
no livedo reticularis (31]17; 1)

Lymph nodes : no superficial lymphadenopathy

Neurological system : good consciousness, motor grossly

intact
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JUT 1 AUUThne v9e s Lag Wy

HAN1IATIAINHRIUFURNTNLILAN

Blood chemistry CBC Urinalysis
BUN 26.2 mg/dl Hemoglobin 10.9 g/dl pH 5.0
Cr 1.73 mg/dl Hematocrit 35.3% Specific gravity 1.015
eGFR 24.74 m/min/1.73 m? WBC 7790/ul Protein negative
Sodium 135 mmol/L « Neutrophil 67.1% Glucose negative
Potassium 4.6 mmol/l » Lymphocyte 11.6% Ketone negative
Chloride 103 mmol/L » Monocyte 4.5% Blood 1+
Bicarbonate 24 mmol/l « Eosinophil 16.4% Bilirubin negative
« Basophil 0.4% Leukocyte 3+
Platelet 362,000/ul Nitrite positive

WBC > 200/high power field

RBC 1-2/high power field
Squamous epithelium 10-20/high
power field

Crystal negative

Bacteria 3+

No cast

Urine protein creatinine ratio 0.2

ANA positive 1:320 fine-speckled pattern (ngliifionismessuuduiidnlétu SLE), ANCA profile negative
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n135319dY

1. Congestive heart failure precipitated by urinary
tract infection

2. Acute kidney injury on top CKD stage 3

3. Widespread eczema

N133nW1

Mg congestive heart failure losuendulaany o1ns
wilositu guuaNas eondauluiendiay daw urinary tract
infection §Uel@suenufusidu ceftriaxone sewinadnw
Tadfiasaudtunn ndsldeufTaue 4 5u lWanasd mamede
Yaawlu E.col, K.pneumoniae, hemoculture no growth
asraRanudaany (urinalysis) nddlasuenuiue 2 Ju
WU pH 5.0, Sp.er 1.009, protein negative, glucose negative,

ketone negative, occult blood negative, bilirubin negative,

leukocyte negative, nitrite negative, WBC 1-2 cells/high
power field, RBC 0-1 cells/high power field (no
dysmorphic RBC), squamous epithelium 0-1 cells/high
power field, crystal negative nadusulssneIuIa 9 Ju
auldldTulmiasdonnvindelulsimeiua (hospital
acquired infection) lansuiumisadedaau 1By
g1UfTuzidu Piperacillin/tazobactam uAndsanidy
Piperacillin/tazobactam 2 Tu Sufifuwnstusumislnl
il eosinophilia 1ntu vrasdouienTaudsusufiue
191 meropenem uagle meropenem auasu 7 Tu lasd
nawzdelaanzuavinzideludonlinude

15U widespread eczema USnwILNWNE A1
vty AndduRaniliannnasnidendniauainen
hydralazine 33ld3unsiatuilousinafianaminies
TUns19 (5U 2)

JUR 2 A) wag B) M59anUY0931 UL (needle shape)
yuanansieglutuluiuresiiavils (HREx20, x40 aua1div)

I ]

& v & 1% . I &
viogUTnidlAmsansiu (biconvex) aglunasniden

Y

O uinvesmaiaaimesenagluvaenidenvuianatsuiuiuiion (H&Ex100)

D) wursdaadnyulu (internal elastic lamina) Tunilavesaaniden (Elastic stainx100)
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NANIIATIININTING1YBIR NS

PIMULD9INe JUda (needle shape) w3pgUsneid
dnldsiaanadiu (biconvex) dadldfudnumsninaes
naLaamosennylunasnidonsuianasiiogluduluiy
vosRmils 1esnasiaamesoaiduluiusinniailety
doshunszsuiunislumawdesiudodionisnsamanens
Wwenazililudugndseentuiaiulugesing wenainwdn
voanslaainosealunasnidenudfiaudenduogdae
(U 20) M3ffens Elastic stain ileBuduinudnuesraiaainosea
oglunasniden Taewursdaaindulu (internal elastic
lamina) luntsvevasaiiandingnd (3U 2D) laenns
eawUNgBam TN amadldtun s Aoiaasesoa
ngaganasaiden uenanin1nsaduylugesisaisud
Ingnsvasimildlinudnuarvenduiondniau vse A
AnUnAvesaelnduyu

1172 AKl on top CKD stage 3 IuﬁﬂaaiﬂaﬁﬁﬁaﬁaLLaﬂ
15A¥1I9NNE acute interstitial nephritis 1A hydralazine
fiun17% cholesterol emboli %msﬁ?u?jalﬁwqﬂm hydralazine

M15199 1 HARSIAFBALALNITIANITSNY

Fausuoulsimeiuia wagAnn1ugA1Cr wuldn Cr il
LLuﬂﬁmqaﬂﬁuﬁaa 9 Az eosinophilia wualtufindudes |
(asnadi 1) TeelaifmBudnau (uasiudvasldsuedy
f]aa’nsﬁmqumuLLasm&Jmﬁa&JLLé”; meendaludonitu
warldsun1svi ultrasound KUB wisfiunyu mild renal
parenchymal disease, right kidney 9.5 cm, left kidney 9.7
cm., no mass, no hydronephrosis) %msﬁ’;uwmﬁmmwé
fauasnwAninnisi renal biopsy Lileusna1ae acute
interstitial nephritis AUn12% cholesterol emboli Tu
Qﬂ’mi’laﬁﬁmmL?%&N;J'mﬂ’hﬂiziwﬁ AUaelasun1svia skin
biopsy WuWia s¥wIneena skin biopsy Mal#n1sshw
28 prednisolone 0.5 mg/kg/day Mé’ﬂf\nﬂﬂwﬂm’ﬁamﬁﬂﬁ
vdntudn Cr uunldhianamudduaumde 2.49 me/dl,
eosinophilia a%i!u absolute eosinophil wde 212/ul uag
Auguasieunduthy wimniugiismanafiamuaaiin
A1 Cr 89189 1.41 mg/dl wazdmaiinmzilanedvhuden
Snvaneads sudaaeuldideinannneilanedwiuden
(7 WPUNAI coronary artery angiography)

DO Admission | g o 10 107 | 10" 11 11.5 13
Date D5 | D7 | (9 weeks
(CAG) weeks | weeks | weeks | weeks | weeks | weeks | weeks
post-CAG)
BUN (mg/dl) 12.5 19 17.3 26.2 33.8 34.4 as5.4 51.6 58.1 72.5 60.5
Cr (mg/dl) 084 | 1.53 | 1.25 1.73 1.93 2.43 3.26 3.03 3.5% 2.49 2.4
H il O
(E:bs'sgcl’fgl %156 | 11 16.4 19 165 | 167 | 323 | 23
(539) |(763) (1,278) (1,220) | (1,523) | (1,533) | (6,234) (212)
count/pl)
UA : WBC/HP - >200 1-2 5-10 -
UA : RBC/HP - 1-2 0-1 0-1 -
Treatment Ceftriaxone & days ndwniy | 4aulmi asdennsinelulsmena Tinsiu

1Hasm

grunusfa@otaau Taldue1uidiusidu
piperacillin tazobactam

Piperacillin
tazobactam

Meropenem

2 Jundadu piperacillin tazobactam fifluuna
Pueiuvddlvg § eosinophilia unTu asdeu
g13aUAsus1UiTruzdu meropenem a5y
meropenem AUASU 7 U 1A

Start Steroid 0.5 mg/kg/day
184 control infection ¢
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NUNIUITIUNTIIU

A2 atheroembolism iunmzdfinuties widwmalian
ANUANITUALBNTINNEEY LNRAN atherosclerotic plague
feguinamdmaonidenviieusnunimasndondilvames
vagluganuvaendondiulaneiluidoe Torzdiag wu
vaondonauss vliAAN1IE stroke mnlugausian
vaemdenla ArldiAnnaglanneld Tneneilidesuen
AunmMeg thromboembolism TaaA1g thromboembolism
fnpiliiAnnisgaduvemasnienundlvgdiudu lag
Wlune atheroembolism inld 2 naln fo intues
(Spontanous atheroembolism) Wutioy dniain1suas
videlaiflen1s amyniisneauisléainns autopsy lae
WU 0.7-3.4%" uwdusnisdnu Jeduidesdediingeeny
waznsilnnznasaidionuds (advanced atherosclerosis)
p1n1sdulnginuiniy blue toe syndrome, livedo
reticularis, progressive renal failure LLag stroke Uay Aendos
fun199nani1s (Procedure-related atheroembolism)
Wurnds 76-77%° aenuiieatestiu cardiac catheter-
ization’ mﬂ‘ﬁ?jﬂ 38984911AD cardiovascular surgery lag
post-cardiac catheterization WuAMnYNUTZUIU 0.06-1.9%"
\inann catheter luviliAnn1svgaaenves atheromatous
plaque Fsazaselununszuaidonllganiunasniion
drudangiinn1izaoladnasoaaagaasnlion Ml
WansuaEenn1NNile dau post-cardiovascular surgery
wuldmunda vascular intervention InglanzegneBinis
1 aortic canulation, cardiopulmonary bypass Tu CABG
(incidence 26.1%) and valve surgery (incidence 8.9%),
anastomosis of bypass graft to ascending aorta L aortic

aneurysmal repair

INILLERNY

Livedo reticularis and skin atheroembolism

\Jueinsuansfinutosgn 1ne livedo reticularis
anwauztdu reddish-blue lacy 138 netlike color pattern
of skin dinflo1n1sUansaunqe wuls 35-96%°" lawy
wutpsaaUInaIN Az Taaiudagaluindy Uinadug
Aannsonuldiduiuiuiusumisiiunes atheroembolism
wonanifmuiuindidnvasdudly uinulesunn wu
Auyuunsadle® nadu Fefesidadousnlsanniuiiomis
NNVADALADASNLEY

Atheroembolic renal disease

WUUBEI8IAINIAINDINITHARINIIRINTS Tnenule

st 50%° Jadoidesiio finogeens, flsalndetunrou
wagiinmzanuduladingaunduszeznatun 1esanla
Juetoeiildsudonnnvaendonundlngludnaiuiineu
190 ansnsaianiseaduldiaus proximal renal artery
lUauils glomerular capillary wsgulvgjuaisiniinuine
naeAdanvUIALaN YRR mechanical vessel obstruction
A1UAI8A15LAA endothelial inflammatory reaction i
136A71 microcrystalline angiitis 81n15LaRIEUl g LN
frelane ialdislanaideundy fudsundy wavsess
Tngagnulanowvuiadeunduvesiian® dsAnisvinau
yodlmazidonaideslurianan 2-8 §Uanvi IneindeUsvana
5.3 &aii® Toe 30-50%° vesauliaziinnizlanedeslaiu
nsrlenidon Tneazdiiies 20-30% whthufilaaziunduan
visduauansavganisenladonld uenainiauld
vdnenafiensuantlddune de 319 vindlosnnush
ihaiinanld e1afianudulafingssaudaeainnisnsedu
renin angiotensin system lagaiu1saidadsusnlsa
9nA13% thromboermbolic induced renal infarct léiilos
Mnnmendainionstinunutiednsguuse uenani
Mg atheroembolic renal disease Ssaansanulalunuld
fldsunsugndrgla Taewu 0.39-0.47% " 1Anlddau
ndagnanelagausn lnedinasduiusiuvaeniienln
filegsuun A primary allograft failure 16 wsivan
Aatuluszoznandulndgnaisle Jadeidsedin
nnaeadenressulaiesinliiia chronic allograft
dysfunction a1uula®
Gastrointestinal tract atheroemboli
nutostduduiuau s899InINshanIMsRavaLay
gnsuanasln wagsinnuINAUINITUARIISEUUBLY
91158 lng Ll 1wIza1z93 @msaninielinies
woude wieldld lunsdiinaeaideniilyidosdildgnsiu
qualdiinnisuaden onaiadunna viiedensonanald
aannle Tagagnutesfigauinudildng meiteduendy
mimw%wﬁawu cholesterol cleft Tu small arterioles
Lower extremities and blue toe syndrome
Thandeermstiaiiinideunduediales 1 7 Tag
anzmnifntuedaglifivsy g Rvevionsenunszunn
hanneu Wnddnwududing naans Tnsamglussezusn
¥83l35A LAAIINNTTVIAFBAIINNTOAGUYDINABALTDALAS
udssanewin mamssuiulsaidunnniu ssinnisua
nlvinaoadennluainnsassuisidondoeanta i
Feaidnseguinudnaiduidoaiivineondiau il
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WARNISEUUIAAINNT WaXN1TVIALEEAB1TUNINIULAR
NNSANEVIRNIMITIUTIUFINET LazuanduwRasuaele

n159199e

MstadeTiuueuenfnsastusumduie venand
auldunsduitinguenmsdnle (triad) leuA imgnsalnsedu
Faau wu Jusyialasunsldaneaiuidadvasndeniila
wieolgsunisnisianaiilanasnaenden Snamzladounuy
Boundurionadoundy wazdiufndafidale Aanunse
Tns3dadeld Tnsanizegsdaniinnig eosinophilia
s lesanmsdatudiolalunsaenavildsialugiog
ﬂejmﬁl,ﬁmmﬂﬁﬂﬁmiL%UﬂaaéuLLia nsfnTudouina
Rivtaluasiaunufanunsadielunisidadelane 92%°
Tnaamzegebanninseulsauinaniuazan dwilaie
uazARULIUAEANY EIUNITATIINIDIANUANEME Hollen-
horst plaques 984 cholesterol emboli 10-25% 1Uun1s
veniilnne cholesterol emboli HinTuase wslsannse
vonldinfindunuuwinlug iesenniisiesuinaunsa
wuldhiumiled”

N139593N199 U UANTS

A1SHSINADA : WUSEAU serum Cr qasﬁu, eosinophilia"*
(wuldlu 14-80% lnsianizegredalugiadoundu lne
WU absolute eosinophil aglugia 540-2000 cell/mm?),
anemia, leukocytosis, thrombocytopenia, inflammatory
markers WU erythrocyte sedimentation rate (ESR) Wag
C-reactive protein (CRP)QJ%UVL@T uazil hypocomplementemia
1991) Asnsalaanig : ﬁﬂiﬂWUﬂ’]’]ﬂJaﬂUﬂa LAFINITONY
subnephrotic range proteinuria, eosinophiluria 1@
ﬂﬂi@i?%%ﬂlﬁ@ 9N cholesterol crystal Tu arcuate and
interlobular arteries lawil sensitivity 75% wag 94% @11y

113 biopsy NilalazanIATINILEAY"

n1sIdaRBULEnlsA

Ag atheroembolic renal disease fafitadauanlsa
nnnefidtadedes wiesinisuanndioadaiy Teun
contrast-induced nephropathy qjﬂiﬂad’msmqjlﬁ?ﬁﬂ%ﬁﬂ
aglaneideunaunaslasu contrast media lagAn Cr
fnavgeanlu 3 Juusn uazAtulussezinet 2 &and
Tnesfnlieinisuandlussuudug druginduced interstitial
nephritis anunsauseiu 14 uae eosinophilia lemuieniu
Lwimmiﬁﬂ%é’mﬁuﬁ‘ﬁ’mmnmﬁlﬁ%’umﬁuma lagiang

agnsBeendinuldivos 1wy snannsalunszmiza1ms (proton
pump inhibitors Wu omeprazole), srunonauvialily
afiusees (NSIADs), WasenUfjdauy subacute bacterial
endocarditis fnfo1N15UaAIDINITANTD NULAD
Tunszualdon wazn15mI29 echocardiography @11150
Yrelunsitadouenlsals systemic vasculitis sindlenns
LARIMN9SEULALY audnuaiznsaiulsavetudazlsa
wazdnnuaNuiaUn@lunisnsalaany wu nudadenuns
wiolstiuslulaans sause

nswensallsa

Qﬂwﬁﬁmwlmwmﬂmw cholesterol emboli
lonnadeglasunisintanaunulaszereniseeay 30-40
SnvtsdalidoyanansinfUaedldfunistianaunule
MnavgiisnnadeTingaistosay 81 lurasssesim
1 9 Jsaunndrulugiinainanigiladuman waznis
Urdfaunuladadusavaddnisnensalsaiilad wavd
das1megeis 81%° 9 1 T uazdrulugindedinan
amzladuma’

155NN
f51891un15W steroid Tun1sSA¥INIE cholesterol

122022 | qudiAnn

emboli usnansanwiislanauaylalldna
goUNal (retrospective review) wuaild LDL apheresis®
freannisvenidendiszazinan 6 would usegslsfng
Fagmansmsanwiisiiusely wasmnnie cholesterol
emboli 1intuud? ns¥nevildifieenisusedulszaos
auens Yidanuunuladieideust wasuanidansuse

pggenarilinisyinauveslaugas

msilesiulailsiAngh

wiRwnlefinnnes emboli waglinissheismag
nmsldmellalud v angiography nislasinsesuiim
naAldealAsdIuUay NsldanuaiuiasnlionuIuNg
waendonuns brachial unu femoral dswunsiialaing
deundutiesnin nandesanisviinanisnimasaden
winlidndu auauazanudulaings aruaulsaludy
Tuidengslnglionngu statin Fs228l9 plaque Tlogaany
waendon iunnde Wewinendivanlufuuazannissniau
vinamaendenninanla’® nslien aspirin Gelddinnsdnw
fuanssstlovidenneitanu egrlsfinudiaenisld
$u aspirin 10U secondary prophylaxis auteUstve
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Tsailauagviaenidendun '’ MsUsungAnTsy W nenauyums
98niaIN1Y antmin

unasy

A7 atheroembolism wuldlugUisnguidesmds
nskesunisiiimanisinglunasaidenuns n153dade
$ududesdlefisnneiegiaualuguisnguidesdiinig
anasvaINIsinuedlandinsvivinants Jaguudalud
ns¥nwiidumzianzaaglined Tudifieansinuinuy
Uspduuszaoavity
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