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Fiu uazln
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1. asazaredianinslasuuulaisaga leun ssazane
0.9% lmsenmaalsn Usznausie leden 154 wa.lua/Ans
uwazmaalsn 154 wa.lna/Ans depnwidnsuzasmaslsennnin
Twdantis 1.5 w1 vhlddernaldaunazanznsnsiuas
USannuraalss Iaeadungannnged strong ion difference (SID)

Wissnansazane 0.9% leAenmaslsss SID Wiy
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wazlaannalunssnungiie sepsis® mafnwildsunudays
Foundoluguaeingd 60,734 518 Alasunisitededn
severe sepsis i@ septic shock LLUGL‘TJ%H@JN“?VLGT%’U 0.9%
laienmanlss, 0.9% ladennanlss sanduaIsazaie
dudnlnslasuvuanga, 0.9%labenAsalss 38U colloid,
wazldsusaasmeviosnaedia IneSsufisudnamaiedin
Tulsswenurailiugauszaomnan Anwinarlwniswoulseneua
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wazAldg1e1dugauszaorsaonudn nguiiladsu 0.9%
laiienmaslsasannuansazanedianinslasuuuangaiionsn
n\fedinsasas 17.7 desninlungails 0.9% tndenasolsd
\ieaenafien (Saeaz 20.2) wasnguile 0.9% ledennaelss
SINAU colloid (5888 24.16) na‘juﬁ"l,ﬂ”%'ua’ﬁazmﬂﬁy’ﬁﬂwﬂﬁﬂ
fansinsifedinlasreiunguils 0.9% lafenaaslss
sanfuasazatedianinslasiuuuanna (Souaz 19.23)
msAnwilanuanauansasaa lunauewlsmenuiaus
Aldselunguils 0.9% Tedennsslsmifisuiungsdls
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Aiawassnsazateon l8lunmasneun sepsis Soin
fanfesandeagn 1esandolafinisAnu lnulvua
AFman litandnansazasuaayiiunie crystalioid 1w
nrUfiRdomefients 0.9%lmfanaaalsslunisddn nsinwn
Tnaig SuuanslvifinUszleniaasmsldansazaedidninglas
wuuasga aenalsfinw disen1sfnuuuu RCT awalngiie
Suduma (719197 2)

Human 0.9% Hartmann’s Ringer’'s Ringer's Plasma-Lyte Plasma-Lyte Sterofundin/
plasma NaCl Solution lactate acetate 148 ApH 7.4 Ringerfundin
Osmolarity 275-295 308 278 273 276 295 295 309
(mOsm/L)
pH 7.35-7.45 4.5-7.0 5.0-7.0 6.0-7.5 6.0-8.0 4.0-8.0 7.4 5.1-5.9
Sodium 135-145 154 131 130 130 140 140 145
(mmol/L)
Chloride 94-111 154 111 109 112 98 98 127
(mmol/L)
Potassium 3.5-5.3 0 5 4 5 5 5 4
(mmol/L)
Calcium 2.2-2.6 0 2 1.4 1 0 0 2.5
(mmol/L)
Magnesium 0.8-1.0 0 0 0 1 1.5 1.5 1
(mmol/L)
Bicarbonate 24-32 0 0 0 0 0 0 0
(mmol/L)
Acetate 1 0 0 0 27 27 27 24
(mmol/L)
Lactate 1-2 0 29 28 0 0 0 0
(mmol/L)
Gluconate 0 0 0 0 0 23 23 0
(mmol/L)
Maleate 0 0 0 0 0 0 0 5
(mmol/L)
Na:Cl ratio 1.21:1 to 11 1.18:1 1.19:1 1.16:1 1.43:1 1.43:1 1.14:1

1.54:1
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Efficacy of 0.9% sodium chloride for acute
kidney injury in severe sepsis patients

Sasithorn Kunupakan, Nattachai Srisawat
Division of Nephrology, Department of Medicine, Faculty of Medicine, Chulalongkorn University

Abstract

The high chloride content of 0.9% sodium chloride (0.9%NaCl) leads to adverse pathophysiological effects in both
animals and healthy human volunteers. Small randomized trials showed that the hyperchloremic acidosis induced by
0.9%NaCl also occured in patients with high risk for acute kidney injury (AKI) . A strong evidence was emerging from
the recent large propensity-matched and cohort which showed the effects of 0.9%NaCl on adverse clinical outcome in
surgical and critically ill patients when compared with balanced crystalloids. Major disadvantages included of development
of AKI and needed for renal replacement therapy, and increased postoperative mortality. From the current evidences,
fluid resuscitation with 0.9% NaCl in sepsis patients may result in hyperchloremic metabolic acidosis, worsened AKI, and
increased mortality when compared with resuscitation with a balanced crystalloid solution.

Keywords: balanced solution, sepsis, acute kidney injury
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Aadafiasfignsinisldenssdwanasmion nslaang
ponioe wazmsiewedasdiemelageninlaneanmadnds
1.66, 1.52 LAz 2.49 L1 AINEIAU’
ashindalunszuadonrinliifindnainisdedis
dnsn1suanlssneuiasniansinisasaaieslunagiae
NG wATARIINITPYLTENTYNIUZDITEIZEII T BENININ
Tuilaguunisdnwinisfndaguussusznaudaenislvansmn
fiReane nsldefFmzsniinsmidaunasainsinde
mssnwuuulszAuUszraswusiazatens Wu nsldiaTasdie
wigla nslenszguAnawEen msm‘umwmmulm
nadfnaslanadeundn usdnasuInnsinianand
felaiieanalunsdreandnsinmsidedinaslonan Ineawz
Tuguaeffinzdadosuusesanduiinisgydanisriies
gomangaien: JoduinesmsAnuiasdanaiiazinnsss
Tnai g Twn1asneinigi nitdlwindanissnvuuugady

d15N58nLEUAINLAeR (adsorption therapy) sdazlananitialu
Neazdensialy

wensidayaima:aaido (Pathogenesis of sepsis)

amiziadelunszusdenrh ldifianssuawnisdniay
domalifnanszduszuugiduiu voawisfuazisnonie
Wndunseuwns Systemic Inflammatory Response Syndrome
(SIRS) MINH LLa:m'J:Lmsnﬁa%ﬁﬁ']ﬁcy 12 N2 Disseminated
Intravascular Coagulation (DIC) duw1llg Multi-organ
dysfunction syndrome (MODs)® 21nA15ANSINUITHAY
NUUATISENAY endotoxin panxTaznIzdwlrsIeNENd
Talnlaisingg msan TeuA TNF-alpha, IL-1, IL-6 uag IL-8
FoszAUzad cytokines FINA1T ANNUSHUSRTINSEeTinag
theagnadinedAyneats’

awalaanazes endotoxin uazlalalaisngs fawe
WANRI9A NANIFAB endotoxin HAWIAUTZHNIM 100 kDa W6
TNF-alpha fawiasous 17-51 kD dawlalalaimssnisuin
W IL-10 Hawadszanm 40 kDa daumlngiluaslaana
gwnUwnanlasansazdnlalaeisnsenidensaendas
Tonfieavinly Telnlaisuunoaniduw

- Interferons YMINTIATUANTEUURANAWLUU innate
nazAmNIsLUIsuaswIBdmRenzILazsasnk 5
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- Interleukins ¥wsnfAgafuiEmEanz1alwnns
maturation, differentiation, chemotaxis, recruitment Lmz‘ﬂé.'\‘i
Tolnlmsidn

- Colony-stimulating factors (CSF) ﬂi:ﬁjumi
wiiulauazulsiintona

- Tumor necrotic factor (TNF) N3$E1N13¥191%
289 cytotoxic T cell lymphocytes

Waszsuzaslalalaknisdniauainunsafidendn
A1z cytokines storms® azvIWiARSRIINTTF T aNNTY
T 1.2 whannsnwmevdomadeiianluithefndagmss
wuaraasn I lnnedaundwinginn1iz acute tubular
necrosis Lieo3oeas 7.8 ivmin wanviudi linsusmafidaem
msfnwniisiasaswuinalnnmaia lanedeundwlumas
Andaifinannaneaing Lo

- A3TUIRNNSALEERINNNTS 20981 HI88N9N
waosdandaednalirnasululnawegiaanas nszguszuy
renin angiotensin aldosterone (RAAS)

- ATTUIBASENLEUAINEITaYNABATTaaNTIAn
N3BUITUUNISUIIAIZ8E0e vil¥LAA microthrombi ¥38
\fim cast gasulunasnladagmnm N1anad nitric oxide 1w
asiadarnlvdennaeslnanas wenanit afanaz
apoptosis 2091as wlpaniedelsa endotoxin nndauas
1NN cytokines storms

nafalaneidsunanlunziadoguusiaiaio
Tnemsfinnizindaguusimdolanedeuniuoeolnagomits
Wnannewnsalinzunson g Muaususnila® wanaind Az
Tamedeundudodonaienitonhlmiandussesaaieizdn
wissanwendamwiiinanlalalasisng g senanadnesusnanse
inlalunnadeaz vilwiAin multi-organ failure mamnTuiige’
sorueflumannadazasnssnwnlaedudonszuannissniay
#n9 usngalalauafmiiiag wwAatagiu Seoinlluug
ga9nszdnanIMIsniausananifenlaenss Inesaniofiaan
sz5iulalmlAY annaz cytokines storm waz endotoxins sa
311178 sepsis

Hénmsu'igmsmso‘mauoomwéoofaaGSJ
Tumazdiaidosuns)

FEINSZUIBNNTN NG LF9 ) 289N52IAEITNTONLEU
Tsiun

1. yufaes Ronco Wag Bellomo 1#Manns cytokine
genesis model nanafa N3z cytokines storms Y THRNNSHAS
Talalaviaonadndsanaminsaniunisglanzsciiaianand
\flon1z sepsis Tiawnsnmuanld azfinniie immune
confusion ¥ilwdiedananisalrsifieananlaisansariien
Tndad Taanansadwnelumumisasnisindalsadois
112991 Liim multi-organ failure MANT s cytokine genesis model
\Jundnnisiezadnlalalaieanlvinderesfign vilvinge
LaNzAuLreaInsAndaase ) helhifimdenanafiadns
pananlndanansnysluoangniniavaiedalsafisunsie

Aadolslnense wqwﬁﬁﬁagqLﬁuwé’ﬂmiﬂ{l’miﬂmiﬂﬁmsé’ﬂLa*u
wnNdadninAe seavzedlalnlaklufonataas lduwus
fuszaulwitedod s muﬁf: Jodenann1sza9n1einam
TalnlaKsa835 hemofitration Usniman wazeramaug
Tuiunsgeadulusaet™

2. ‘ﬂqwﬁ Threshold immunomodulation %38 “Honoré
concept” An Lilan1szinlalnlaifsgaannanse threshold
point vidsaninlelalaiezlsianaedn iosenfinis rebound
280526 cytokines LaZumnanagssaias agslsfianu
nauiiliaansnesuelsihnsanaseslalalmiudogaanna
9199AUE9UN1IZ hemodynamic TIRZWHL L8389 %
Twdeindnwiala"

3. 7fi] Medical delivery ¥#58 “Alexander concept”
ofenannisindleldsnsinlunassden 3-5 sassadalug
d13150ufin lymphatic flow TaEa 20-40 i1 wazaIN1a
ﬂﬁ’miﬁfmiﬂﬁﬁaﬂm:uuﬁﬂmﬁm”l,ﬁ 138131 lymphatic flow
drag ‘nqu{j‘f’fa%maﬁﬁﬁaﬁﬁmaamiﬁﬂ high permeability
high filtration 7l lealunsandasinismelaase wissan

' | & 4 o o ¥ a
Tdanansadreanlalalaluiaidasauasniassuurnnang
g2

NSSNYIA8ISQaIU™> ™

wwIARZEIN1T3NYNEIEIsRATuRsusgAT A.A.1980
saEnsulinann1saasansgaduNGendt sobent luiAdiou
auniuinlaianauasldvanmauaniUden diaysate snindu
ssfiwlwden doxluga 1990 Wusun FnswawIsgATy
AfnnanTRGnussRuAfuszAngnmannau sauduldnan
N19289 ultrafiltrate regeneration L@ plasma regeneration
WawLdw hemodiafiltration Uszgnadniuniswaniienuuuy
ReLiosmuaGy

AgngIn13snwsae3gadu Re 35n155nwnlee
wenansluianausagsaananwananniaidonlaeldnuio
TaanafiSenin adsorbent melugunsalifiusduusnasnan
Senluananiaansnaesmsridain adsorbate laendeAa
810190 1N159UM AuENTRANLANG199zHI9UfATeN
Fng il (electrostatic interaction) @mﬂﬂﬁﬁiumﬂﬂﬁauﬁﬂ
(hydrophobic property) LAZUSIUIWABIAT (Van De Waals
Force) 52Wing adsorbate Waz adsorbent \51S8ARANMTHIN
hemoperfusion #38 hemoadsorption ﬁﬂﬁmﬂ@mﬁﬂﬁﬁ
gasuifsendng iy IwfinisuanTaanauisedseanty
38NNITUIRATIAIN desorption FITHNTZUIRMITINKAZE
hemoadsorption UszNauURAI8AIZUIBATT adsorption W&
desorption

3§n'1'if:|,|,mnﬁi'1\1mnn'ﬁ@mﬁu (absorption) Tmefin1g
gadaazgaanadnluluda absorbent Laslmeldnisdusiing
flaguwiuiingas absorbent Tnenss Tuanusfintagadias ToNu
FauSsnasnnuiuilimzaeesi adsorbate UAENFHEATNANHNITA
Tunsduiwssnanidnosin uanslugud 1 waeismagadnas s
NSNANLEIANTEBNAINFIEE
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52NI967 adsorbent WAz adsorbate HH FINDIIANTNTH

v da a o & EY [V
Uadendnariinnisgaduanngu laud anadaiuaas
uww nszuann1sgaguatntsaninidalulunszuan

ssngngeduann (IuntAelalnlainie endotoxin) gamgi

1 USNNauNuningag adsorbent 810 ANEINITO LwnNSTUK

mathianaunulanuusieg lewa1e3s wanslugun 2

Step 1: Diffusion to
Adsorbent Surface

Step 2: Migration into
Pores of Adsorbent

Contaminant Molecules

!

Step 3: Monolayer
Bulidup of Adsorbate

BRI Y LA N AN TRt DL Ar M Do DAY LI
SIS e R
l" \ ‘I .:: . ]
% = :. %
’.I .I.
!' : .H‘ % - " L] . ..
-‘ LR Zalt n‘i- .:.
p: ,: "h_ o
S 2 - Ry ¥

sUN 1 uamsflsnanmszasnisinusieise

AAWUAIATN Ronco C, et al.™

Sorbent

Application of sorbents

Blood out

Blood in
—

Sorbent

—

0 ) — 0 —
Sorbent , ,
- dialysate dialysate
out in

Hemodiafilter

Blood in Blood out
— e E—

dialysate dialysate
out in

Hemoperfusion

Hemoperfusion-hemodialysis

. Hemofilter Hemodiafilter
Blood in Blood out . . L
— —_— —_— Paired filtration - dialysis with sorbent
Sorbent ) '
- dialysate dialysate
out n
. Plasma filter Hemodiafilter
Blood in Blood out

Coupled plasma filtration — adsorption

gﬂﬁ 2 LLﬂﬂx‘lﬁ\‘iﬂ’]iﬂi:qnﬁﬂﬁﬂm‘ﬂﬁﬂﬂ’]i Adsorption technique siRLUa¥9IN Rimmele T, et al.™
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A15199 1 agUSeuLiisunazinsalfisnanniseasnssnwisaeis

ARFUL RGN

Comparison between major blood purification techniques

Therapy Mode of action Comment
Polymyxin B-immobilized fibre Endotoxin e Potential mortality benefit based on RCTs
column (Toraymyxin; Toray Hemoadsorption o Well-studied treatment modality

Industires, Tokyo, Japan)

MATISSE-Fresenius system (Fresenius  Endotoxin

SE, Bad Homburg, Germany) Hemoadsorption

Alteco LPS Adsorber (Alteco Endotoxin

Medical AB, Lund, Sweden) Hemoadsorption

Cytokines Hemoadsorptive device Cytokines
Hemoadsorption

oXiris Hemofilter (Gambro Hospal, Endotoxin and

Stockholm, Sweden) Hemoadsorption plus

renal support

PMMA Hemofilter Cytokines
Hemoadsorption plus
renal support

e Not available locally

e Multicenter RCT showed no significant clinical benefit

e Limited clinical experience
e Ex-vivo study showed unacceptable LPS clearance

e Good cytokines clearance
e Limited clinical experience

e Simple and familiar technique
e Limited clinical experience

e Simple and familiar technique
e No RCT available
e | ow cost

mssnudaeasqasulumaziaidosuis
saeng sorbent Mlalwilagiine
1. Nonselective sorbent Al
1.1 Charcoal
1.1.1 Coated 1#lundnnns hemoperfusion
\iazdnansfiunsoen 1w barbiturate, phenobarbitol
1.1.2 Uncoated 1 1undnn1s hemodiafiltration
Tugthelsneigase
charcoal TiaasgULUUTFaIds Fo Lfin particle
embolization, platelet 738 fibrinogen depletion 1o fAnsuw

'
o a

Nuus uazianisazanzaslalasasuonls

1.2 Uncharged resin lsiufi Amberlite XAD-7°

2. Selective resin ﬂ’lmiﬂ@ﬂﬁ’umiﬁiﬁﬁﬂixﬂﬁ

FumzzasNngw wazldnmseanuuuneimnssaly resin
flawimzasgnsasuaziuiifiafilng ninawinzasiangas high
flux T8 91nnsAnEITikIuNINUINERNg e aRUS N9
Talmlmsl @ IL-8, IL-1 alpha, IL-10, IL-6 & TNF-alpha
Iraeefivedeny Taun

2.1 Hydrophobic resins 1#%ann13 coupled plasma
filtration adsorption (CPFA) lugUag1 rhabdomyolysis, hepatic
failure

2.2 Powdered sorbent 13nannns hemoadsorption
ez regenerative push-pull pheresis 1%;3"1]181 HIV, drug overdose,
hepatic failure
2.3 Polymyxin-B Wag Polyethyleneimine \T9asi9

FayAINNIIANYINUIT hydrophobic resin #18150% 78
247 TNF-alpha lassussalususn wazainndn uncoated
charcoal

nanlmesz naNN13eee hemoadsorption FavANTsd
ATNEINTIA IN198ATUENS AuENURMAan resin UfA5en
mslaigausin Uffsenrndlnin uazussuamwmanad wananih
foasaanuuuiiiniuwiinlun1sgadu wazganadiwlang
fanmwaesiagild

Tunmefindoguuse sagnemas adsorptive device 7
Bunsnvnaznau juR Taud

1. pnsaefild membrane wuudaased laun

1.1 Polysulphane (PS)

1.2 Polyacrylonitrile (PAN)

1.3 Polymethylmethacrylate (PMMA)

PS fimsdiiulaniedininzosiange §ld
peIUNIHANE AUANWNZIaIAINIas ARnanTeuazlAs S
daenfiniiuiifn inanaaansnlumsednasewaluananans
vialvgisanlufisansiisuiuueayin Ww B-2 microglobulin
(@wialaana 11,800 kDa) ull A.A.1986 An1ssinanUszens
ffumsvi hemofittration wuusaifiasluszmedgln uazldlums
Wanidensiaifiasis continuous veno-venous hemodiafittration
a1 wuh snsnsadierh s densaw Tasazeaniia
T Mzndegwiseitn mavywiewienite Sefimsse
duuguieniundnnisedaasnissnisufionsazfiunuimse
KAMTSNETANIN IR0
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PMMA fn51esivuinelsndn dialyzer andous

U A.A.1997 Tulamari BK series® iflaldisiaifias 24 aa.
azflnnuanti lun13gatuanndl membrane #ita PAN lag
Matsuda uazAmiz® lauamalwifinisnnuaaisalunisedn
lalnlmvians PMMA adainlatanieaian wui1dmsn
nMsendiniinzwilafisuiumsenidenuuunaindldsnses
PAN @iwifeniu n1sdnun2ee Yamaguchi LasAme’ wunis
AARIYISZAU plasminogen activator inhibitor-1 (PAI-1),
protein C, IL-6 W&z N-arachidonoylethylethanola lwdan
\Ausvsdniawensallsad lidluguaefifnnsfndagwues
Wewieuiiu PAN 98919 Hirayama uazAge” wuil PMMA
san30249 1L-6 9ninludesviasliRnideifieuiu membrane
%90 cellulose triacetate (CTA) uaz PS lag PMMA &d130
230 1L-6 Mnvinludasviaslssesas 100 d1u CTA 24 laiies
3awaz 20 Tagiin AnsAnwimashwlszmreesasieuas
firduauslngld membrane #iin PMMA luniswaniiansaiias
WUU CVVH mode 10wt 24-48 o, Tugihelanneideunai
MNNsAndaTLES

2. Tobramyxin #n1sAnwiuasldluuszinadwan
Uszanas 20 T fiusnnsesiivdiauen Polymyxin B (PMX B) 1iun
fzaslnives Tne PMX B (Juenufimefiainsnanuunafise
S8 Bacillus polymyxa fnsaeit i lwmszdn endotoxin fae’s
aRdUTURY lipid A Tduduniiias endotoxin laglaiAnfuse
Tn91nen PMX B iflafin152dm endotoxin aanyi msasnelals
Tasimasnanas® fansasitanasaseshiuiesanidenlaie
Tael blood pump eswites e blood flow 80-100 wa./
w1 1 unfractionated heparin ¥58 LMWH 1duansividanuds
shnseslilangeas 2-72 aa. anngm 4 ASedagtae 1 T1eweg
funsRauarasianissne JunAesAAawinegs

PnMsfnwuuuiiRTziaiswAeunsidnses
PMX B 53U338910 28 n1sinw LaedinsAnwimuasuwuugs
W 9 MIANWI 83UT169N509 PMX B §aN3nziganass
naee s Ingdheanawimennszdunaanifon LnANAFDR
LﬁN PaOZ/FiO2 ratio WAZARMSZAU endotoxin Lwidanadls
ad1efivedAyn1eata’ adnalsfimn n1sAnundInlng
dnwuudenanisaiuazdaunds SevildnisAnuiliions
ABWIIININ WazEIdNITIEaNNG NFAI8E1991NT2AVLBY
endotoxin HNMNARALALATHTHWIIIIBINTSARRaY AN
quusernlsn i

nsfnwniefid1AtyAan1sfnun EUPHAS 1891w
1T m.71.2009 [ HumsAnwAIUANLUUEN U8 1I% 64 AR
fiUsznABend nawuinfnsas PMX B sansndievhlszuulna
Gewdennsiiuazannsgardenisiouzase i ldeadniie
dAuNeaER uazanansnandaTINeEeTian 28 Tuldeenadie
dAmeafRdeifisuiunssneuuuis (Saeas 53 Wisuiu
Savne 28)° mafnwilagfinisideasiewimuaiasnans
dideasAnaAnagUI1 PMX B fiussleavidmaw agslstas
Fosimeasntsinwitaeld s iRsziuges endotoxin luiden
FodnamantindAgaes PMX B Telaianansaagulsn

mansifedinfianndniusiuszsuzes endotoxin luidan
anansela

Rannfinisinwide ABDOMIX Ine Payen uasmmus
vnsdnwimuanuuugnlnguie 19 AwiilssimedSoiaa
ffazAndegussaminnmedon Tnefgae 81 Tu 119 Aw
165U PMX B Asu wamsdnu lainuanauansneinlugmne,
nMaWdedind 28 Tuideifisuszninengaiilisu PMX B 1fisuii
ngsAuAn adalsfinnn §ideduach Swnthengadlasy
PMX B fidnsinisdniauzasdoydasiassinninsous s
nsAn lidnsnensnilsaiugnin Seanavilwlaidin
Uszleaizas PMX B 7idmian”

Usiosninsdnwn EUPHAS-2 daiflumsAnuaifiusin
sdayadounasann 57 santulwlszmauavglsuuaziade
Tnefiguaednwin 357 aw uuain 297 Anluglsuuas 60 AR
Twauds wuifnsas PMX B &nansnandasinmasmed 28 u
Tuguaefifinzindagwussamfinniizfonlafedasas
64.5 agolsfions nsfAnwfdedialwiasisnisdnu
Al lFingarurNUUgs wazuwInmenssnuluusazan1t
uAnEeiw? iosnngrinmsAnuidafiuiesslonindnan
209 PMX B \flaifisuiunissnuiisiarinnisginisdnu
Aewrvue v ldldansnsassyfonaluszezeiaas polymyxin B
Tumssnwamsindeguusels

FONIANITANWILUUTIATISH BANTWLATNUNI
233N Inae9duszuUaEIngas PMX B nawl A.f.2015
Fwaw 3 msdnw laun

1. Mitaka uazaniz 5189wl A.A.2011 Taesausan
msAnvionae 17 Madne Saugite 975 A

2. Cruz uazAm 1891wnd A.A.2007 aBsausanns
Anwnvionam 28 n1sfnun Swangthae 1425 AW®

719889 15ANIITIUTINMIANYINILUUATUANLUUEN
waswuussinansainudl PMX B anansadieldszuulnaiien
Tafinviauite annisldenszgunaanfenls aansnan
32UZBY endotoxin SN Pa0 /FiO, ratio Fa wazaanInam
dnsInsanen 28 TulseeefisedAyniesis

3. Zou whzmmz 89 winl A.A. 2013 Tnesausan
M3SANWIAIUANKUUEH 8 N3N wangiae 232 A Anwd
nsld PMx B Tugthedldsunsiftedennzideydesvinsdniau
wudnsinsenedl 28 Tu lafAnauansnsaeefivedity
meaBiRafieuiumssnuin (Sasas 27.7 Weudusaea:
19.5; p=0.14) Lwiwuwa?”mLﬁm?mmﬁﬁmwﬁﬁﬁymaﬂﬁﬁn
W% N199ARWIDIAINTBY, NISUWHAINTDIINNTSLE PMX B
WisannAu denRdasfunanIainwIaes lwagami wazAmE
Adnugaundslugureidoydasinsdnisuatug lufunis
w6 wuhdnmeelungailasu Pmx B laianas (Sesaz 17
Weuiusaeas 16.3)°

waNIINHEANISANEIAIUANLULES phase NIl 1fiEn
fumsld Pvx B Tumssnwngthedifnizindeswsanin
nzdan Aa EUPHRATES lag Kiein uazmmz #ellagiin
fegseninedde®

o
'

)
7l
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3. Acrylnitrite 69 (AN69 membrane) 1T% membrane
Foums1¥uuU polymeric Fuusnlulandifiniswa polyethyl-
eneimine ¥ WAMZAIRT (OXiris®) 7 membrane RN
udszgau Twannisgadulalalmilagarfemsduiusering
U529aU2a9ngau sulfonate group UREIZEY ANB9 membrane
fiutszquanaasngs amino 2a9lalelas

Tutuzas AN69 membrane Usznaumialasessng
W hydrogel fianuanananlunisaadulalala anmsdnw
Tuadeusnaas Rogiers wazAnz WaRIIALATIANEINITD
Tunsgedulalalei ANGY membrane mufnfiniionin PS
membrane” RO De vriese WAZAME LAWIAINTDI ANGY
anldiunsvlanlametfanuuuseiosdae3s cvvH lugie

da s & a Y &
15 FlW/lNﬂ’l’JzMMLﬁaiuLLiﬂﬂ%Lﬂﬂﬂﬂlzﬁaﬂ WUITRINTDIN

sasadieanszauzaclalalmilaifiesiinsimdaintuin
6-8 F.sonnazaTIanumMsinduzaclalalel wafideheudia
cardiac output, pulmonary artery wedge pressure (PAWP) L&
systemic vascular resistance (SVR)®

#ad1inaes AN 69 membrane fo Lilaldlugiae
'VI"[,EIiUEHﬂaN angiotensin converting enzyme inhibitor (ACEI)
¥inlWszsiuaas bradykinin Tuidemiasinguainnisdude
\Bulaal kininase Il WawD9 bradykinin Nigeasyinld AN6Y
membrane gaytden1sduszgaunazinmantfidnyszquan
unw doraliuseansnmlunisednlalalrinanlu mendeded
n1sAnAuldans polyethyleneimine Zuiduduusznavzad
membrane Bnageniiaiiadiaudgmisenans usfinuii
aH13auA AR aU9E

angavine lawnmndn Oxiis® Zeh AN69 membrane
NWAGBU polyethyleneimine 13 3 wi'u,ﬁa‘lﬁﬁﬂ'swmmmé]"u
U endotoxin fiiwlszgauldd uaziAfou heparin Lwa
SlﬁNﬂmﬁN‘UMﬂﬂ%ﬂﬂiLLﬂﬂm’]ﬂﬂﬂLaaﬂ 38N membrane AT
1% ANG9 surface treated membrane (ANBG9ST) Iﬂ&l
Tndamingzasiinsasdeianadnlszgavatiiodisduiu
Uszquanaaslalalai®

Shiga uazAmz vinnsAnwraean1twld ANGIST
membrane SanfunIsWaNEaALUUABIHEIAI835 CVVHDF
Tugdae 34 auwuinaansafingasinissanding 28
dusosaz 73,5 lunguguasfndaguusefifissiunsin
APACHE Il a8® 32.7 uazsziuwamanluidansinni
36 #N./A8.% NUANTISANWYIAINE1IT98N 150N R LA 1
ANB9ST membrane luszinpdiwifa?dmans endotoxin uaz
Talmlasnonnitonndavsdluwsaasmsiidamaunle

N15AN®I289 Rimmele WATAME WU OXiris®
fimnanasaluwnisgadu cytokines lsimaq iy AN69
ANWANINATT PS membrane® fnsnwdSeufisunslyd
OXiris® fiu PS membrane lun1sWanidaauuusaiiias
slug?ﬂaﬂ"[mﬂ&u,ﬁﬂuwé’%mnﬂ'mxﬁm%a WU OXiris® &1N190
asdmsInwewlunagUaedngaieioes: 38 euiuioaa:
3 Gluﬂa;wﬁ'v[ﬁ PS membrane® ANSENWILUU case control
Tns shum wazanzdivinluguae 6 snefifnisfinde

wuATISELNSNAUNUIINITEEINTBS OXiris® aMN15a7 88
msgiieniaiewaasaieizane 1 lddniuflefisudu
mawanifenuuusiaiiasild PS membrane®

Tagin AdefnsAnwvimuaNLUUgNAEIALTEbNT
Feagfa n13fnw) ENDOX viiussimpainizasuansd lugae
ffanzBnidaguussamAnnasian WisuifisuUszAnsan
52119 membrane OXiris® fiu PMX-B iflaldlunswaniden
wuusaLias® uazBnmafnunlae Homre uazAnz WiaUIfiEU
membrane ARAEIY) 5TNI19 OXiris®
Tughelanedeunduanaizindedsrsassananisine
pio (U™

4. Coupled plasma filtration adsorption (CPFA) Twan
nsgatunazniswilwnisedalalala Inensasuenwaiasn
panaNfewsae plasma filter 27ia polyethersulfone 2w IANWAE?
0.45 m5.4. Aea1unsansasansifawialaifiv 800 kDa la
wdoniwimanaan I wnssuIsmsEdaLenssn1senLEu
shenszumn1sgadulagls activated charcoal W5 hydrophobic
resin fifienadiuldiudangauazinuifioawa 700 asa./
wmin 1 nsu ndntuSeunsEUINNTG hemofiltration
Snasanitesenanmanuazldensasdedin polyethersulfone
PANWTRY 1.4 53.8. wazfinsdaiinguludam postdilution
FednsT 4 Bas/w. TonamdtdnaUssanm 10 Ya.Aansrn
1 Ade anmsAnusindasludiae 10 Teffinsdon wui
dreanuSaimenseiwansiwlaileld lussnm 10 o,
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Adsorption therapy in Septic AKI

Ronakrit Limvarapuss, M.D., Sqn.Ldr.Anan Chuasuwan, M.D.
Division of Nephrology, Department of Medicine, Bhumibol Adulyadej Hospital, Bangkok, Thailand

Abstract

The pathophysiology of sepsis offers a highly complicated scenario. In sepsis, endotoxin or other gram-positive—
derived products induce a complex and dynamic cellular response, giving increase of several mediators known to
be relevant in the pathogenesis of septic shock such as specific mediators, substances responsible for up- or
down-regulation of cytokine receptors and cytokines antagonists, inactivators of pro-inflammatory mediators and
anti-inflammatory mediators. Excessive amounts of them are released into the systemic circulation as systemic
inflammatory response syndrome (SIRS), leading to a generalized and uncontrolled host response that overwhelms the
natural inhibitors of inflammation that called “cytokines storm” that causes immune confusion and then ends up with
multi-organ dysfunction and increases the mortality rate in sepsis. One of them is acute kidney injury (AKI). AKI is
a common complication of sepsis in critically ill patients. Both AKI and sepsis are independently associated with high
morbidity and mortality rate. In recent years, several new therapies have been designed to block the synthesis or toxicity
of a particular component or the SIRS cascade including anti-tumor necrosis factor alpha (TNF-alpha) monoclonal
antibodies, interleukin-1 (IL-1) receptor antagonists and platelet activating factor (PAF) antagonists. From several preliminary
studies, the removal of these inflammatory mediators was associated with a significant improvement in hemodynamic
status, oxygenation indices, and organ dysfunction but many large multi-center trials were failed to show clear benefits,
thus the concept of cytokines removal with CRRT is still the subject of controversy. This review article aims to address
the mechanisms of extracorporeal removal and physicochemical characteristics of membranes affecting the elimination of
inflammatory mediators. The potential strategy of improving CRRT techniques focused on the use of adsorptive devices
are narratively reviewed.

Keywords: sepsis, AKI, adsorption therapy, cytokine
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Introduction

Rhabdomyolysis is a common condition in clinical
practice caused by the leakage of skeletal muscle cell
contents. After skeletal muscle cells are injured, they
released their substances in the circulation system including
myoglobin, potassium, phosphates and other proteins such
as creatinine kinase (CK), lactate dehydrogenase (LDH),
aldolase, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT).' The first report of this syndrome
was in 1908 during the Sicilian earthquake; the victims had
crush syndrome with renal failure.? During the World War
I, British Medical Journal also reported cases wherein the
necropsy showed muscle necrosis and renal tubules containing
brown pigment casts.

Clinical manifestation of rhabdomyolysis ranges
from asymptomatic with abnormal CK level to a life-threatening
condition including acute kidney injury (AKI), hyperkalemia
and disseminated intravascular coagulation (DIC). Among

patients who develop AKI, the prognosis is substantially
worse. While in cases of chronic myopathy or muscle injury,
patients may have few symptoms and no complications
from rhabdomyolysis. Several causes contributing to
rhabdomyolysis by the different mechanisms including direct
myotoxicity, impaired production or use of ATP by myocytes
and increased energy requirements leading to upregulated
increase in intracellular calcium.® In resting condition,
intracellular calcium is maintained at the low level by many
kinds of channels and pumps, most of which are energy
dependent. Muscle depolarization results in an influx of
ionized calcium from the sarcoplasmic reticulum in the
cytoplasm causing muscle contraction by the actin-myosin
cross-link. The muscle injury induces free ionized calcium to
enter the intracellular space. Excessive intracellular calcium
stimulates a sustained muscle contraction, further depleting
ATP and activating protease enzymes such as phospholipase
A2 leading to mitochondrial damage and cell apoptosis.*
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Following myocyte necrosis, they release cytotoxic components
in the circulation system and local inflammation also causes
capillary leakage and third space fluid loss.

Etiology of rhabdomyolysis
The multiple causes of rhabdomyolysis can be classified
as physical or nonphysical causes as presented in Table 1.
1. Physical causes
1.1 Trauma and muscle compression

- Crush syndrome is associated with multiple
trauma after a disaster or accident, and usually involves the
compartment syndrome.

- Immobilization can cause rhabdomyolysis
due to unrelieved pressure on the gravity dependent
body parts. After pressure is relieved, reperfusion of
damaged tissue will occur.

- High-voltage electrical injury causes direct
muscle injury with extensive third degree burns

1.2 Excessive muscular activity such as over-
stretching muscles can increase sarcoplasmic influx of
sodium, chloride and water resulting in cell swelling. Then
intracellular sodium exchanges with calcium triggering
persistent muscle contraction.

- Strenuous exercise can elevate serum
CK up to 10 times the normal upper limit. This condition is
potentiated with extreme heat and humidity may play a role in
developing rhabdomyolysis.

- Seizure

- Alcohol withdrawal syndrome

1.3 Muscle hypoxia is caused by major arterial
occlusion either thrombosis or emboli.

1.4 Body temperature change

- Malignant hyperthermia usually occurs
after the use of inhalation anesthesia with genetic susceptibility
of an abnormal ryanodine receptor, and causes an increased
influx of calcium from the sarcoplasmic reticulum in the
intracellular compartment.

- Neuroleptic malignant syndrome is char-
acterized by hyperthermia, severe muscle rigidity, autonomic
instability, altered mental status and rhabdomyolysis; it develops
after exposure to neuroleptic drugs such as antipsychotics,
antidepressants and narcotic drugs.

- Heat stroke syndrome accompanies
hyperthermia (core temperature > 40.5 °C), hypotension,
lactic acidosis, rhabdomyolysis, disseminated intravascular
coagulation and multi-organ failure.

- Hypothermia leads to reduced muscle
perfusion and ischemia.

2. Infection: The proposed mechanisms of infection

include tissue hypoxia from sepsis, direct bacterial invasion,
activation of lysosomal enzymes and endotoxin-related
mechanisms. Numerous organisms can cause rhabdomyolysis
such as bacteria, viruses and protozoa.

2.1 Bacteria causing infection include Pyomyositis
from Staphylococcus aureus, Streptococcus pyogenes,
Mycoplasma pneumoniae, Escherichia coli, Legionella
species, Salmonella species, Clostridium species, and
Leptospira species

2.2 Viruses causing infection include Coxsackievirus,
Influenza A, B virus, Parainfluenza virus, Ebstein-Barr
virus, Herpes simplex virus, HIV, Adenovirus, Echovirus and
Cytomegalovirus

2.3 Other organisms causing infection include
Plasmodium falciparum.

3. Electrolyte and metabolic disorders

3.1 Hypokalemia: Potassium can potentiate
vasodilatation. When potassium is depleted, rhabdomyolysis
will be occurred by decreasing local blood flow to myocytes.®

3.2 Hypophosphatemia

3.3 Hypocalcemia

3.4 Hyponatremia and hypernatremia®

3.5 Diabetic ketoacidosis and nonketotic
hyperosmolar hyperglycemia leading to rhabdomyolysis
is associated with electrolyte abnormalities.

3.6 Hypothyroidism and hyperthyroidism

4. Medications and toxins: Various drugs can
contribute to rhabdomyolysis by the different mechanisms
including direct myotoxicity, impaired production or use
of ATP by the skeletal muscles and increased energy
requirements, indirect muscle damage or immunologically
induced inflammatory myopathy.”

4.1 Drug induced direct muscle injury can be caused
by statins,” colchicine, ethanol, glucocorticoids and antimalarial
drugs (chloroquine, hydroxychloroquine), antiretroviral drugs
(zidovudine) and chemotherapeutic agents (gemcitabine).

4.2 Drug induced CNS depression® can cause
an altered level of consciousness leading to prolonged
immobilization and muscle compression involving exnarcotics,
benzodiazepines, tricyclic antidepressants, ethanol,
antihistamines and barbiturates

4.3 Drug induced hypokalemia can be caused by
diuretics, mineralocorticoids, licorice and amphotericin B

4.4 Drug induced agitation and seizures are
associated with cocaine, heroin, amphetamines, ketamine
and antipsychotic drugs (neuroleptic malignant syndrome).

4.5 Drug interaction may interfere with statin
clearance resulting in increasing the levels of macrolide
(erythromycin, clarithromycin), protease inhibitors, gemfibrozil



Journal of the Nephrology Society of Thailand | 23

and cyclosporine.

4.6 Drug induced inflammatory myopathy is
related to D-penicillamine, statins, and interferon alpha.

4.7 Toxins induced rhabdomyolysis involves
snake and insect venoms and mushroom poisoning.

5. Genetic defects: Rhabdomyolysis usually starts

during childhood with a history of recurrent attacks, family
history of attacks and episodes precipitated by exertion.’

fructokinase, phosphorylase kinase, phosphoglycerate kinase,
phosphoglycerate mutase and lactate dehydrogenase

5.2 Disorders of lipid metabolism include carnitine
deficiency, carnitine palmitoyl transferase I

5.3 Mitochondrial disorders constitute succinate
dehydrogenase, cytochrome c oxidase

5.4 Other causes comprise pentose phosphate
pathway (glucose-6-phospahte dehydrogenase), purine

5.1 Disorders of glycolysis or glycogenolysis

nucleotide cycle (myoadenylate deaminase)

comprise myophosphorylase (McArdle’s disease), phospho- 6. ldiopathic

Table 1 Major causes of rhabdomyolysis

Causes

Physical causes

Infection

Electrolyte and
metabolic disorders

Medication and toxins

Genetic defects

Idiopathic

Trauma and muscle compression: crush syndrome, immobilization, high-voltage electrical injury
Excessive muscle activity: strenuous exercise, seizure, alcohol withdrawal syndrome
Muscle hypoxia: major arterial occlusion

Body temperature change: malignant hyperthermia, neuroleptic malignant syndrome, heat
stroke, hypothermia

Bacteria: Pyomyositis from Staphylococcus aureus, Streptococcus pyogenes, Mycoplasma
pneumoniae, Escherichia coli, Legionella species, Salmonella species, Clostridium species,
and Leptospira species

Virus: Coxsackievirus, Influenza A, B virus, Parainfluenza virus, Ebstein-Barr virus, Herpes
simplex virus, HIV, Adenovirus, Echovirus and Cytomegalovirus

Others: Plasmodium falciparum

Hypokalemia, hypophosphatemia, hypocalcemia, hyponatremia, hypernatremia, diabetic
ketoacidosis, non-ketotic hyperosmolar hyperglycemia, hypothyroidism, hyperthyroidism

Drug induced direct muscle injury: statins, colchicine, ethanol, glucocorticoids, chloroquine,
hydroxychloroquine, zidovudine, gemcitabine
Drug induced CNS depression: narcotics, benzodiazepines, tricyclic antidepressants, ethanol,

antihistamines and barbiturates
Drug induced hypokalemia: diuretics, mineralocorticoids, licorice, amphotericin B
Drug induced agitation, seizures: cocaine, heroin, amphetamines, ketamine, antipsychotic

drugs
Drug-drug interaction: macrolide (erythromycin, clarithromycin), protease inhibitors,
gemfibrozil, cyclosporine

Drug induced inflammatory myopathy: D-penicillamine, statins, interferon alpha

Toxins: snake venoms, insect venoms and mushroom poisoning

nolysis: myophosphorylase (McArdle’s disease),
phosphofructokinase, phosphorylase kinase, phosphoglycerate kinase, phosphoglycerate
mutase, lactate dehydrogenase

Disorders of lipid metabolism: carnitine deficiency, carnitine palmitoyl transferase |l
Mitochondrial disorders: succinate dehydrogenase, cytochrome ¢ oxidase

Others: glucose-6-phospahte dehydrogenase, myoadenylate deaminase
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Clinical manifestation

Rhabdomyolysis presents a wide variation of clinical
signs and symptoms. The classic symptoms are muscle pain,
muscle weakness and dark urine; however, these symptoms
account for only 10% of cases.® The proximal muscle group
is more often involved including the shoulders, thighs and the
lower back. The injured muscles can be swollen, tender or
cramping. Skin discoloration or signs of ischemia can also be
seen but less than 10% of cases. Additional symptoms include
fever, tachycardia, nausea, vomiting and altering mental status
(from drugs, toxins, uremia or trauma). Signs of hypovolemia
usually present due to the fluid loss in the injured muscles
and potentiate the risk of acute kidney injury. Compartment
syndrome is a potential complication from severe
rhabdomyolysis resulting from the increased pressure in
the closed space of edematous muscle which provides
insufficient blood supply to the muscles and nerves.
Disseminated intravascular coagulation may infrequently
develop from the release of thromboplastin and
prothrombotic substances from the injured muscles.

AKI1 in rhabdomyolysis

In the US, acute kidney injury from rhabdomyolysis
accounted for 7 to 10% of all cases.’ The true incidence and
the mortality rates are difficult to estimate due to varying the
study populations. Available data showed that approximately
10 to 50% of patients with rhabdomyolysis had acute
kidney injury.® Among the patients in ICU, mortality rate from
rhabdomyolysis was greater among those who had acute
kidney injury compared with those without (59 vs. 22%)."° Renal
manifestation in rhabdomyolysis is associated with acute kidney
injury with electrolyte abnormalities. This syndrome usually
causes oliguria, anuria, and dark urine. Other characteristics
of acute kidney injury from rhabdomyolysis are rapid increase
of serum creatinine and the low ratio of serum urea nitrogen
to creatinine due to the release of creatinine from the injured
muscles. A fractional excretion of sodium, less than 1%, reflects
the renal vasoconstriction rather than acute tubular necrosis.
The urinary dipstick test shows a positive blood result without
red cells in urine, which needs to be distinguished from
hemoglobinuria. Proteinuria may be seen due to the release
of myoglobin and other proteins from the injured muscles.

Release of organic acids from the necrotic tissues
provokes high anion gap metabolic acidosis, especially
lactic acidosis. In early stages of rhabdomyolysis, calcium
accumulates in the muscles leading to hypocalcemia. Severe
hypocalcemia can occur and contribute to cardiac arrhythmia,
tetany or seizure. After the rhabdomyolysis is resolved, the
accumulated calcium would be released from storage sites.

Hypercalcemia may present when patients have renal
recovery which increases calcitriol levels and have previously
supplemented with intravenous calcium.

Hyperkalemia, hyperphosphatemia and hyperuricemia
develop from the release of intracellular contents of myocytes.
Approximately 150 g of skeletal muscle can release more than
15 mmol of potassium. As a result, hyperkalemia may lead to
cardiac arrhythmia and complicate any existing renal
failure. Phosphate can precipitate with calcium to form
calcium-phosphate complexes which deposit in the necrotic
muscles.

Serum creatinine phosphokinase (CK) is an enzyme
expressed mainly in the skeletal muscles, brain and heart.
CK level is the most sensitive indicator of rhabdomyolysis,
which rises within 12 hours after muscle injury, peaks within
1 to 3 days, decreases in 3 to 5 days without further muscle
damage and the half-life is 1.5 days.'"" When the CK
level does not decline as expected, the development of
compartment syndrome or continuation of injury should be
suspected. No cut-off CK level defines the diagnosis of
rhabdomyolysis but usually constitutes at least five times the
upper limit of normal. The risk of acute kidney injury is quite
low when CK level is less than 15,000 U/L."” Serum myoglobin
is rarely measured in clinical circumstances of rhabdomyolysis
due to its low sensitivity. The level of serum myoglobin may
return to normal within 6 to 8 hours after muscle injury and also
has a short half-life about 2 to 3 hours. Serum myoglobin is
rapidly cleared from the circulation system by renal excretion
and liver metabolism. Therefore, the test of serum myoglobin
is only measured in a clinical study to calculate myoglobin
clearance in renal replacement therapy.

Pathophysiology of rhabdomyolysis and acute
kidney injury

Myoglobin is a 17.8 kDa hemeprotein, expressed
in cardiac and skeletal muscles. It binds oxygen by heme
residue and porphyrin-iron complex.'® Myoglobin is freely filtered
by the glomerulus and presents in the urine when the serum
myoglobin is more than 1.5 mg/dL. When the urinary myoglobin
exceeds 100 mg/dL, red-brown color urine would appear. Three
main mechanisms contribute to acute kidney injury including
renal vasoconstriction, direct renal toxicities and tubular
obstruction from pigmented cast. Renal vasoconstriction results
from the various mechanisms including volume depletion that
promotes the activation of the Renin-Angiotensin-Aldosterone
system and sympathetic nervous system. Upregulation of
vasoconstriction factors (endothelin-1, tumor necrotic factor (t,
thromboxane AZ, and F;isoprostanes)9 and downregulation
of vasodilation factors (nitric oxide) are postulated. Myoglobin
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exhibits a peroxidase-like enzyme activity leading to oxidation
of biomolecules, lipid peroxidation and production of bioactive
molecules such as isoprostanes.™ The high oxidative state of
heme can generate a reactive oxygen species causing direct
cellular damage. Myoglobin dissociates into ferrihemate and
globulin in an acidic environment. Ferrihemate is a direct renal
toxic substance by impaired renal tubule transport mechanisms
and cell death in animal models.”® Tamm-Horsfall protein
interacts with myoglobin precipitating a formation of pigmented
casts which obstruct the renal tubules mainly in the distal

Table 2 Summary management of AKI in rhabdomyolysis

tubules. The precipitation is potentiated by volume depletion
and acidic urine.

Management of AKI in rhabdomyolysis

The primary goal of treatment is to prevent acute kidney
injury by correcting volume depletion from fluid sequestration
to the injured muscle and reducing the further kidney damage
from tubular obstruction and free oxygen radicals. A summary
of the management of AKI in rhabdomyolysis is shown in
Table 2.

Summary management of AKI in rhabdomyolysis
Assess volume status and urine output

Investigation

Blood for serum CPK, blood urea nitrogen, creatinine, potassium, phosphorus, calcium, sodium, bicarbonate, uric acid,

complete blood count, coagulogram
Urinalysis and examine urine sediment
Electrocardiogram

Fluid administration

Isotonic saline to correct volume depletion with target urine output 2-3 ml/kg/hr or 200 ml/hr

Correct electrolyte abnormality

Hyperkalemia: To shift potassium into intracellular space; administer insulin plus dextrose, sodium bicarbonate,

betaz—adrenergio agonist nebulizer

To remove potassium from Gl tract; administer sodium polystyrene sulfonate

If cardiac arrhythmia from hyperkalemia; administer calcium gluconate

Hyperphosphatemia: Do not use calcium-based phosphate binders

Hypocalcemia: Correct in case of symptomatic hypocalcemia (tetany, seizure, cardiac arrhythmia)

Check for the cause of rhabdomyolysis and correct

Monitor serum potassium, phosphorus, and calcium level frequently

Monitor other complications such as compartment syndrome, DIC

Administer loop diuretic in case of volume overload

Renal replacement therapy: Intractable hyperkalemia, acidosis and volume overload

Maybe consider high cut-off membrane dialysis to increase myoglobin clearance

CPK, creatinine phosphokinase; Gl, gastrointestinal; DIC, disseminated intravascular coagulation

1. Fluid management

Early and aggressive fluid replacement with isotonic
saline is recommended. Volume status and urine output are
determined, for which the target urine output is about 2 to 3
ml/kg/hr or 200 ml/hr. A systematic review showed that the

delay of fluid resuscitation might increase risk of acute kidney
injury especially in the first six hours after muscle injury."®
However, fluid replacement may lead to pulmonary edema
and volume overload among patients with oliguria or anuria.

Intensive volume assessment is required among the patients
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with severe rhabdomyolysis. Fluid replacement should be
continued until serum CK levels decrease to < 5,000 U/L and
the urine dipstick is negative for blood.

2. Urine alkalinization

The purpose of intravenous sodium bicarbonate use is
to reduce precipitation of myoglobin with Tamm-Horsfall protein,
occurring in acidic urine and to inhibit oxidation of myoglobin
and lipid peroxidation. In rhabdomyolysis, the fluid of choice
is normal saline to replenish intravascular fluid. Normal saline
administration alone can also contribute normal anion gap
metabolic acidosis. However, the role of urine alkalinization
is controversial due to the lack of evidence from controlled
studies. One retrospective study by Brown CVR, et al.” in the
ICU trauma, they compared 2,083 patients with rhabdomyolysis
(CPK > 5,000 U/L) receiving bicarbonate plus mannitol and
those who did not. Concerning mortality, the rate of AKI and
dialysis did not differ between groups. The potential side
effects of a forced alkaline diuresis can aggravate symptomatic
hypocalcemia due to the increased binding capacity of free
calcium to albumin. Despite these limitations, patients being
monitored may have benefitted from bicarbonate administration.
After urine alkalinization, urine pH, serum potassium, calcium
and bicarbonate should be evaluated. When symptomatic
hypocalcemia or alkalemia (arterial pH >7.5) develop,
bicarbonate should be discontinued.

3. Diuretics

Mannitol is a polyalcohol osmotic diuretic agent,
which is filtered by the glomerulus and not absorbed by renal
tubules. Mannitol, a free-radical scavenger, may have benefit
on the basis of extracting fluid from injured muscles in
intravascular space, minimizing pigmented cast deposition
from the diuretic effect and renal vasodilatation effect.”?
Although the experimental studies suggested that mannitol
might have a renal protective effect, the clinical evidence to
support any benefits was lacking. Additionally, the high dose
of mannitol may increase the risk of acute kidney injury due
to osmotic nephrosis.'®

Loop diuretics act by inhibiting the Na-K-2Cl cotransporter
in the thick ascending limb of the Henle’s loop causing the
increase of urinary flow and decreasing the pigmented cast
precipitation. No controlled-trial has been conducted to show
the benefits of loop diuretics in rhabdomyolysis induced acute
kidney injury. KDIGO clinical practice guidelines to manage AKI
suggest not using loop diuretics to prevent AKI (1B) except to
manage volume overload (2C)."

4. Correct electrolyte abnormalities

- Hyperkalemia is a life-threatening condition in
rhabdomyolysis. Early detection and close monitoring are
essential for treatment outcomes. Conventional therapy of

insulin plus dextrose, sodium bicarbonate and beta;adrenergic
agonist nebulizer is recommended by shifting potassium into
the intracellular space producing a temporary effect.
lon-exchange resin (sodium polystyrene sulfonate) is also
effective by removing potassium from the Gl tract. Patiromer™
and sodium zirconium cyclosilicate” are novel therapies and
may provide the optional treatment for hyperkalemia.

- Asymptomatic or mild hypocalcemia should not
be treated because the calcium supplement combined with
pre-existing hyperphosphatemia could induce precipitation of
calcium-phosphate complexes. EKG and clinical monitoring
(tetany or seizure) are necessary for the patients with
hypocalcemia. Allopurinol may be useful among the patients
who develop hyperuricemia by preventing uric acid formation.

5. Free radical scavengers and antioxidants

Based on the pathophysiology in rhabdomyolysis—
induced AKI, the antioxidant therapy may have benefit by
inhibiting lipid peroxidation and oxidation of myoglobin. Vitamins C
and E have the antioxidant activity. Pentoxifylline is a xanthine
derivative and acts as a nonselective phosphodiesterase
inhibitor and is used to improve microvascular blood flow.
Evidence from the controlled studies to evaluate the efficacy
of antioxidants is still lacking.

6. Renal replacement therapy

When the patients present severe rhabdomyolysis
causing the intractable hyperkalemia, metabolic acidosis and
volume overload, renal replacement therapy is indicated.
Intermittent hemodialysis can correct metabolic disorders
more effectively and rapidly than the continuous mode.
Continuous renal replacement therapy (CRRT) including
continuous venovenous hemofiltration and continuous
venovenous hemodialysis allows the solutes to be removed
gradually by the convection and diffusion, respectively.

In rhabdomyolysis with AKI, the kidney cannot remove
the toxin; therefore, renal replacement therapy may have the
benefit in removing those substances particularly myoglobin.
Myoglobin, a middle molecular toxin, cannot be removed
efficiently by the conventional hemodialysis. Dialysis membranes
are designed to remove uremic toxins, which are determined
by the pore size, membrane surface area and the ability to
drag the solutes through the membrane using fluid flow
(sieving coefficient). The sieving coefficient could be described
as the ratio between the solutes concentration in the filtrate and
plasma. The molecular weight cut-off (MWCO) is defined as the
molecular weight for which the sieving coefficient is 0.1. High
cut-off membrane (HCO) is characterized by MWCO 170-320
kDa and 8 to 12 nm pore radius allowing the effective removal
of solutes ranging from 20 to 50 kDa.* From a case series of
11 patients with severe rhabdomyolysis with AKI, myoglobin
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clearance was enhanced by HCO when compared with high
flux membrane from 2.0-2.2 ml/min/m” to 19.7-36.8 ml/min/m”*
In this study, hemodialysis and sustained low efficiency daily
dialysis technique were performed. The HCO hemodiafiltration
technique can remove 5 g of myoglobin in the dialysate per
one session.” The disadvantage of HCO includes albumin
loss overtime requiring albumin substitution. Albumin molecular
weight is 67 kDa, and membranes with a cut-off less than 67
kDa may reduce the cost of albumin substitution. However,
myoglobin clearance is improved by HCO dialysis; as yet, no
prospective controlled-trial has been conducted regarding the
improving renal outcome in rhabdomyolysis. The use of HCO
is still limited in the preventive dialysis. Plasmapheresis was
a process to filter the plasma proteins and antibodies allowing
the removal of myoglobin and shown to have no effect on the

renal outcomes.”

Conclusion

Rhabdomyolysis is characterized by muscle necrosis
triggered by many different etiologies. Acute kidney injury is a
common complication in rhabdomyolysis which carries morbidity
and mortality risk. Early assessment and appropriate therapy
especially fluid management can improve the outcomes. Finally,
renal replacement therapy is a supportive treatment. The causes
of rhabdomyolysis should be eliminated to prevent and reduce
further kidney damage.
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Acute Kidney Injury in Rhabdomyolysis
and Management
Supanat Worawitchawong, M.D., Assoc. Prof. Atiporn Ingsathit, M.D.
Division of Nephrology, Department of Medicine, Ramathibodi Hospital, Mahidol University
Abstract

Rhabdomyolysis is a common condition caused by the leakage of skeletal muscle cell contents in the
circulation system including myoglobin, potassium and phosphates. This syndrome ranges from asymptomatic with
abnormal creatinine kinase level to a life-threatening condition including acute kidney injury (AKI), hyperkalemia and
disseminated intravascular coagulation (DIC). Several causes contribute to rhabdomyolysis using different mechanisms
including direct myotoxicity, impaired production or use of ATP by myocytes and increased energy requirements which
can be classified as physical or nonphysical causes. Among patients with rhabdomyolysis, the prevalence of AKI ranges
from 10 to 50% of cases. Three main mechanisms contribute to AKI including renal vasoconstriction from RAAS and
sympathetic activation, volume depletion, direct renal toxicities from free oxygen radicals and tubular obstruction from
myoglobin cast. The primary goal of treatment is to prevent AKI by correcting volume depletion from fluid sequestration
in the injured muscle and reducing further kidney damage from myoglobin cast. Early and aggressive fluid replacement
with isotonic saline is recommended. In addition, IV sodium bicarbonate is an optional treatment to reduce precipitation
of myoglobin with Tamm-Horsfall protein. However, evidence is lacking to show the benefit of alkalinization of urine on
renal outcome. Renal replacement therapy (RRT) is considered among patients with refractory hyperkalemia, metabolic
acidosis and volume overload. Conventional hemodialysis cannot remove myoglobin effectively. High cut-off
membrane (HCO) allows the effective removal of middle molecules including myoglobin, but improving the clinical
outcome is controversial. Prospective study of HCO-RRT in rhabdomyolysis may need to provide additional benefit.

Keywords: rhabdomyolysis, acute kidney injury, management
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Introduction

Renal failure is a common complication of multiple
myeloma (MM). It occurred in nearly one half of the patients
during the course of the disease. Approximately, 20 to 40% of
patients had evidence of renal failure, and 10% of those required
dialysis support." Kidney failure often occurs among patients
with an advanced tumor burden and can present either acute
kidney injury (AKI) or chronic kidney disease.” AKI in patients
with MM results from various mechanisms. However, the most
common cause of AKI in patients with MM is the light chain
cast nephropathy (LCCN) resulting from the precipitation of free
light chains (FLCs) in the renal tubules. The study by Montseny
JJ, et al.® showed 118 patients with monoclonal gammopathies
undergoing renal biopsy presented LCCN in 48 cases (41%),
AL amyloidosis in 35 cases (30%), LC deposition disease in 22
cases (19%) and chronic tubulointerstitial nephritis in 12 cases
(10%). Other contributing factors for AKI in MM include volume
depletion, hypercalcemia, hyperuricemia, intravenous contrast
media, nephrotoxic medications and toxic effects of FLCs on

distal tubular epithelium.* The outcome of patients with MM
with renal involvement is unfavorable with increased morbidity
and mortality. Properly managed renal insufficiency combined
with intensive anti-myeloma therapy may improve patient
survival. The combination of new chemotherapy drugs and
extracorporeal FLC removal to treat LCCN in MM is thought to
be associated with the improved likelihood of kidney function
recovery. This topic review aimed to summarize and focus on
the current therapeutic strategies to manage LCCN.

Light chain cast nephropathy (LCCN)

LCCN is the tubulointerstitial disorder resulting from
the precipitation of monoclonal LC in conjunction with the
Tamm-Horsfall Protein (THP) to form the casts and occlude
the distal renal tubular lumens."' LC are freely filtered through
the glomerulus and physiologically reabsorbed in the proximal
tubular cells by endocytosis which is mediated by a tandem
of receptors (cubilin and megalin) and then degraded in the
lysosomal compartment of the proximal tubular cells.® Thus,
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LCCN is almost always observed among the patients with
advanced MM, when the degree of LC excretion may exceed
the capacity for reabsorption in the proximal tubule.

Pathophysiology of LCCN

FLCs were firstly isolated from the urine of a patient with
MM and later identified as polypeptide chains associated with
immunoglobulins (Bence Jones proteins; BJP).® The primary
mechanism of FLC-mediated tubular damage is the
intratubular obstruction due to an aggregation of FLCs in
the tubular lumen of the distal nephron, leading to interstitial
inflammation and fibrosis.” In a healthy population,
approximately 500 mg of polyclonal FLCs were produced
by the lymphoid system daily and were catabolized by
lysosomes in the proximal tubule. This process is greatly

efficient, and only about 1 to 10 mg of polyclonal FLCs appear
in the urine daily.” The amounts of urinary FLCs >1 g/day are
particularly prone to cause renal failure, and both kappa (K)
and lambda (\) LC may be involved.® LCCN occurs due to the
interaction and aggregation of filtered FLCs and THP (also called
uromodulin), which is secreted from the thick ascending limb
of Henle’s loop. It reflects the variability in the complementarity
determining region-3 (CDRS3) of the LC interacting with nine
amino acid binding regions of THP. The obstructing casts in
the renal tubules result in the increased intratubular pressure
and cause the tubular rupture, extravasation of FLCs in the
interstitium and promote the interstitial inflammatory process.
In addition, LCCN is also triggered by several factors such as
hypercalcemia, diuretics, nonsteroidal anti-inflammatory drugs,
and radiocontrast media.’
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Figure 1 Pathophysiology of light chain cast nephropathy (LCCN) adapted from Hutchison CA, et al’

In the distal tubules, CDR-3 of FLCs can bind directly to 9 amino acid binding regions of THP to promote cast formation. Cast formation

increases intratubular pressure, cause damage to the tubular basement membrane and leakage of contents (THP, FLCs). Also, the cast

formation causes interstitial inflammatory cell infiltration and invasion of macrophage-derived giant cell reaction around the casts. These

casts cause to tubular atrophy proximal to the cast and lead to progressive interstitial inflammation and fibrosis. Precipitating factors for cast

formation are dehydration, hypercalcemia, diuretics use, non-steroidal anti-inflammatory agents use, and intravenous radiocontrast

media use.

CDR-3, complementarity determining region 3; FLCs, free light chains; THP, Tamm-Horsfall Protein; TBM, tubular basement membrane.

Current therapies and novel therapies

The key for treating LCCN is early reducing serum
FLC concentration, which is related to renal recovery, and is
associated with a significant survival advantage.’ The treatment

of LCCN consists of general measures, chemotherapy,
autologous stem cell transplant (ASCT) and extracorporeal
removal of FLC, such as therapeutic plasma exchange (TPE) and
high cut-off hemodialysis (HCO-HD) as an adjunctive therapy.
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General Measures

General measures are based on correcting the
precipitating factors and requiring active rehydration, with
the goal of attaining a daily urine output of approximately 3
liters, unless contra-indicated, e.g., heart failure or persistent
oliguric AKI. These modalities decrease the LC concentration
within the renal tubular lumen and increase urine flow rate
to minimize LC precipitation. Discontinuing all potentially
nephrotoxic agents, including nonsteroidal anti-inflammatory
drugs (NSAIDs), angiotensin converting enzyme inhibitors
(ACEls), and angiotensin receptor blockers (ARBs), avoiding
loop diuretics, correcting hypercalcemia and treating
infections with antibiotics are also necessary. Although urinary
alkalinization reduces the net positive charge of FLCs and
decreases interaction with THP, no clinical data is available
to recommend this approach.® Animal studies suggested
that colchicine, the anti-inflammatory agent, reduced urinary
THP excretion and prevented LC cast formation. However,
colchicine therapy had no effect on the urinary excretion of
THP in human studies. Consequently, colchicine will not be a
useful therapeutic adjunct to treat LCCN."

Chemotherapy and ASCT

Combining chemotherapy and ASCT is useful in
treating MM patients with LCCN. It offers a chance for the
durable remission of disease. FLCs are the cause of LCCN,
so recovery of the renal function in LCCN depends on rapidly
reducing serum FLCs. One small study of 39 patients with
biopsy-proven LCCN showed that most patients had severe
renal failure at the first presentation (median estimated
glomerular filtration rate, eGFR 9 ml/min/1.73 m?). The recovery of
renal function in LCCN has been reported to depend on rapidly
reducing serum FLCs. A 60% reduction of FLCs by day 21 was
associated with renal function recovery for 80% of the population
and was associated with a significant survival advantage.’ One
study of 401 patients with untreated MM who were younger
than 65 years of age compared the patients receiviing either
high dose chemotherapy plus ASCT or standard conventional
dose combination chemotherapy showed that the response rate
was higher in the former than in the latter group, 86 versus
48 percent, respectively. The intensive treatment increased
median survival by approximately 12 months as compared
with the standard therapy. Thus, high dose chemotherapy
with ASCT is an effective first-line treatment in MM patients
with younger than 65 years of age." Currently, introducing the
novel agents that rapidly reduce FLCs concentrations, such
as bortezomib, proteasome inhibitor and thalidomide aims to
treat the patients with newly diagnosed MM as well as those
with relapse or refractory disease. The phase Il VISTA study,

a cohort analysis, aimed to assess the activity, tolerability and
effect of renal impairment reversal by treating with bortezomib,
melphalan and prednisone (VMP) versus melphalan plus
prednisone (MP) in previously untreated patients with MM and
moderate renal impairment. The efficacy of VMP was superior
to MP across all renal cohorts regarding the response rates,
time to response, duration of response, time to progression and
overall survival and this population well tolerated to this regimen.
One study evaluating the efficacy of thalidomide, bortezomib
and lenalidomide in treating patients with MM presenting renal
impairment showed significantly improved renal function in 77,
55 and 43% of patients treated with bortezomib, thalidomide
and lenalidomide, respectively (p=0.011). Using multivariate
analysis, bortezomib-based therapies were independently
associated with a higher rate of renal recovery. Nevertheless,
thalidomide and lenalidomide were also related to the significant
likelihood of improved renal function.”

ASCT

ASCT s the curative therapy for MM and considered
the standard of care for patients aged less than 65 years. In a
single center study of 59 patients requiring dialysis, ASCT was
associated with the independence of dialysis. A dialysis duration
six months or less, achievement of a complete response (CR)
or near CR and creatinine clearance (CrCl) more than 10 ml/min
were associated with recovery of independent kidney function. "
A retrospective cohort study was conducted of 30 patients with
MM patients undergoing ASCT complicated by advanced renal
failure (serum creatinine, SCr > 3 mg/dL or dialysis dependent
at the time of ASCT). Fourteen of 15 patients who were dialysis
dependent before ASCT needed long term dialysis in spite of
hematologic response (HR). However, the remaining 15 patients
with SCr > 3 mg/dL exhibited improved eGFR from 15 to
19.4 mL/min/1.73m’ after ASCT. In this study, ASCT was
disassociated with independence from dialysis among the
patients with renal failure due to MM." The current guidelines
recommend ASCT for patients with MM at the initial response
should only be considered for the recommended group because
it increases the risk of transplant-related morbidity and mortality
(Grade C recommendation, level IV evidence).”

Extracorporeal Removal of FLCs
1. TPE

Removing circulating FLCs using TPE rapidly decreases
the delivery of FLCs to the renal glomeruli for filtration because
early reduced FLC levels have been proven to be associated
with better renal outcomes and overall survival. TPE was
classified to category Il indication (second-line therapy based
on moderate quality research evidence) by the American
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Society for Apheresis (ASFA) 2016, as evidence-based
recommendation guidelines to treat MM patients with LCCN.*
A randomized trial aimed to determine the efficacy of TPE in
treating LCCN. Zucchelli P, et al. randomized 29 MM patients
with AKI, urine BJP >1 g/day and receiving corticosteroids with
a cytotoxic drug to receive TPE (TPE group) and hemodialysis
when indicated versus peritoneal dialysis (control group). In
the TPE group, urinary BJP excretion significantly declined and
urine output increased compared with the control group. The
13 of 15 patients receiving TPE showed sufficiently improved
kidney function to discontinue dialysis. However, only 2 of 14
patients in the control group became dialysis independent.
The one-year survival rate was significantly higher in the
TPE group (66%) than in the control group (28%). The small
sample size, the fact that not all patients had LCCN and the
use of different dialysis modalities were significant limitations
of this study.'® Conversely, one small randomized trial aimed
to determine the efficacy of TPE in preventing irreversible renal
failure. In a study of 21 patients with biopsy-proven LCCN and
randomly assigned either chemotherapy and forced diuresis or
chemotherapy, forced diuresis, and TPE, the result showed no
difference regarding the patient survival or recovery of renal
function. The mortality rate at six months was 20% in each
group, increasing to 60 to 80% at 12 months.” A larger
randomized control trial among 104 patients with MM and
severe AKI recruited between 1998 and 2004, aimed to evaluate
the effect of 5 to 7 TPE plus conventional therapy or conventional
therapy alone. The results failed to show any beneficial effect
of TPE among the patient and renal outcomes. The limitations
of this trial included a lack of a renal biopsy confirming the
diagnosis of LCCN, the absence of serum or urinary FLCs
measurement and the unavailability of bortezomib-containing
regimens at the time of the study.' One small clinical trial to
determine the efficacy of TPE among 40 patients with MM
and renal failure included 9 (22.5%) patients requiring dialysis
at the presentation. Eighteen (45%) patients achieved a renal
response after TPE, including 14 patients with LCCN, who
had their serum FLC levels measured pre- and post-TPE.
Of these 14 patients, one half reported the reduced serum
FLC levels at 64.3%; 7 of these patients showed a significant
renal response and 2 patients (22%) subsequently became
dialysis-independent. According to this study, using the TPE
for extracorporeal removal of FLCs played a role only among
patients presenting biopsy-proven LCCN and reduced serum
FLC levels 50% from baseline.” Subsequently, Leung et al.”’
reported 12 of 14 patients with biopsy-proven or a high
probability of LCCN (defined as > 200 mg/dL using the FLC
assay) treated with bortezomib-based therapy and TPE had
complete or partial renal response by six months. However, the

study had no control group and could not assess the additional
benefit of TPE when combined with the effective chemotherapy.

Most data suggested that TPE temporarily reduced
serum FLC levels. In the case where TPE is considered, a
renal biopsy to prove whether the patient had LCCN may
be required. In all cases, ultimate patient survival and renal
recovery depends on a satisfactory response to chemotherapy,
but in some small trials treatment with TPE showed some
beneficial effects. Nevertheless, the International Myeloma
Foundation endorses TPE to treat LCCN.”

2. HCO-HD

Currently, HCO-HD allows extended treatment, with
subsequent redistribution of extra-vascular serum FLCs in
the intravascular compartment because recent studies on
the efficacy of TPE to remove serum FLCs showed little
benefit. As TPE constitutes a short treatment, it removes only
intravascular serum FLCs. After stopping TPE, serum FLCs are
rapidly redistributed from the extravascular to the intravascular
compartment and serum FLC levels rapidly rebound to their
pretreatment baseline.

Hutchison CA, et al.?* conducted a series of studies
to assess the efficacy of several protein-leaking dialyzers
in vitro and in vivo and developed a theoretical model and
clinical strategy to remove extracorporeal FLCs among
patients with MM presenting severe renal failure. The dialyzer
tested, the Gambro TM HCO 1100 with a molecular weight
cut-off in vivo of around 65 kilodaltons (kDa) was found to
be highly efficient in removing FLCs. The model found that
extended (8 to 12 h) daily dialysis would accelerate the
reduction in serum FLC levels provided that the involved
serum FLCs would be chemo-responsive.”

An open-label, single arm study was conducted
involving 19 biopsy-proven patients with LCCN with
dialysis-dependent AKI treated with standard chemotherapy
regimens (cyclophosphamide, thalidomide, doxorubicin, and
dexamethasone) and HCO-HD. The results showed the 13
patients experiencing uninterrupted courses of chemotherapy
along with extended HCO-HD therapy had a sustained FLC
reduction. The K-FLC and A-FLC levels reduced 69 and
71%, respectively after each single session of HCO-HD.
Approximately 86% of patients, who became dialysis-
independent, also had an early and sustained reduction in
serum FLC levels. Patient survival was significantly better
among patients who had uninterrupted chemotherapy than
among the patients in whom chemotherapy was interrupted.
These findings again suggested that removing extracorporeal
FLCs had the unclear, additional effect of highly active
chemotherapy on renal outcomes™.

A multicenter study assessed the relationship between
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serum FLC levels and renal function among dialysis-dependent
patients treated with HCO-HD and chemotherapy. A 50% or
more reduction in serum FLC levels was found among 68%
of patients by day 12 and among 83% of patients by day 21.
Seventy-one percent of patients achieving early reduced serum
FLC levels became dialysis-independent. Patients who did
not achieve independence from dialysis were more likely to
have a sustained delay in initiating HCO-HD treatment. In a
multivariable model, the factors associated with independence
from dialysis were reduced serum FLC levels at days 12 and
21 and time to initiating HCO-HD*.

In the case of the series, a retrospective study
reviewed six patients receiving HCO-HD for biopsy-proven
LCCN. Dialysis time totaled 344 hours along with concurrent
chemotherapy. After treatment, only 50% of patients became
dialysis-independent and only one patient achieving sustained
remission remained dialysis-dependent. The additional benefit
of HCO-HD to the novel anti-myeloma therapies requires
further evaluation®.

In one observational study, 21 patients with MM,
severe renal failure and 71% biopsy-proven LCCN were
treated with combined bortezomib and HCO-HD resulting in
rapidly decreased serum FLC levels. In all, 76% of patients
became dialysis-independent within a median of 32 days. The
three-year overall survival was 67%. The result revealed
incorporating bortezomib in induction therapy combined with
HCO-HD proved highly effective in improving both renal function
and outcomes in MM patients and renal failure™.

A case report of 13 patients treated with HCO-HD,
six-hour sessions for a total of six consecutive treatments and
then further 6-h sessions every other day proved the effec-
tive in removing both serum kappa (K) and lambda (A) FLC
levels resulting in a 93.7% fall in serum FLC levels at the end
of therapy. The average reduced FLC levels was 57.7% per
dialysis session and 77% of cases recovering adequate renal
function.”’

A retrospective case control study of 59 patients, treated
with HCO-HD or conventional HD, showed that a sustained
serum FLC response was detected in a significantly higher
proportion of the HCO-HD group (83.3%) compared with that
of the conventional HD group (29.4%; p=0.007). The rates of
renal recovery were higher in the HCO-HD group (64%) than
in the conventional HD group (29.4%). As a result, in addition
to novel agent-based chemotherapy, using HCO-HD to reduce
serum FLC levels had a beneficial effect on renal outcomes in
dialysis—dependent AKI secondary to MM.*

A multicenter retrospective analysis of 19 patients
with kidney failure from FLC-associated LCCN, were treated
with chemotherapy (bortezomib/dexamethasone) plus either

HCO-HD or conventional dialyzers, showed no significant in
patient survival between the HCO-HD group (25%) compared
with controls (0%) over 12 months. However, the HCO-HD
group showed a tendency towards faster renal recovery and
better renal function after diagnosis of MM.*

Two large randomized trials of HCO-HD were conducted
in Europe. First, the European trial of FLC removal by extended
hemodialysis in cast nephropathy (EuLITE) aimed to investigate
the effects of FLC removal using HCO-HD among patients with
de novo MM, biopsy-proven LCCN and dialysis-dependent
acute renal failure. The 90 patients received bortezomib-based
chemotherapy and were randomized to receive extended
HCO-HD (eight sessions of up to eight h in the first ten days,
then eight hours of HD every other day), versus standard
high-flux HD (four-h sessions, three times weekly). Preliminary
results of the EULITE were presented at the 2016 Meeting of the
British Renal Society. The HCO-HD group was disassociated
with greater recovery of kidney function but was associated
with an increased rate of infectious complications. Second, the
Multiple Myeloma and Renal Failure Due to Cast Nephropathy
(MYRE) constituted a phase Ill multicenter controlled trial to
compare the HD independence rates among patients with
severe AKI| secondary to biopsy—proven LCCN. This study
aimed to determine the eficacy of using HCO versus
conventional high-flux dialyzer in intensive hemodialysis
(five hours of eight sessions in the first ten days, then three
times weekly). Patients in both groups were treated with
21-day courses of bortezomib and dexamethasone (BD). At six
months, hemodialysis independence was achieved in 37.5 and
60% (p=0.03) in the control and HCO-HD arm, respectively.
This study demonstrated that among patients with MM, LCCN
and severe AKI, treated with bortezomib-based chemotherapy,
the intensive HCO-HD increased renal response rate at six
months, compared with a similar HD dose with conventional
high-flux dialyzers.*® Thus, from the current evidence, the
efficacy of HCO-HD in addition to standard chemotherapy

treatment remains controversial, so further studies are required.

Conclusion

LCCN is one of the most common causes of renal
failure among patients with MM. Many studies have shown
that initially reduced serum FLC concentration was related
to renal recovery and patient survival. The introduction of
novel chemotherapeutic regimens using renoprotective agents
could reverse renal functions among patients with LCCN in a
significant number, including those requiring dialysis.
Although the extracorporeal removal of serum FLCs may be a
theoretically useful adjunct to chemotherapy, two randomized
controlled trials showed conflicting results. Thus, using
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extracorporeal removal of FLCs in addition to standard

chemotherapy and ASCT among patients with MM and LCCN

remains controversial.
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Current Treatment Strategies in
Light Chain Cast Nephropathy
Tipakorn Chuamuangphan, MD., Pattharawin Pattharanitima, MD.
Division of Nephology, Department of Medicine, Thammasart University
Abstract

Renal failure, a common complication of multiple myeloma (MM) involving nearly 50% of patients, is associated
with increased mortality rates among MM patients. Light chain cast nephropathy (LCCN) is the most common type and
sharply shortens patient survival. MM must be treated efficiently. The gold standard to treat LCCN is to rapidly lower the
serum free light chains (FLCs) as this correlates with renal recovery. Currently, treatment strategies focus on optimizing
the use of novel chemotherapies and evaluating extracorporeal therapies to remove serum FLCs. Newer chemotherapy
drugs, e.g., bortezomib (proteasome inhibitor), rapidly lower serum FLCs and have been referred to as “renoprotective”
treatment. Extracorporeal therapies, such as therapeutic plasma exchange (TPE) and high cut-off hemodialysis
(HCO-HD) can be used as the adjunctive therapy. HCO-HD uses a high molecular weight cut-off filter to remove serum
FLCs. In some small clinical trials, treatment with TPE and HCO-HD was shown to improve renal outcomes among patients
with LCCN. However, these benefits were controversial in large randomized trials. Recently, two randomized trials have
been presented in abstracts for the American Society of Nephrology (ASN) Kidney Week 2016. The first study, “Multiple
Myeloma and Renal Failure Due to Cast Nephropathy (MYRE)” demonstrated that intensive HCO-HD therapy increased
renal response rate at 6 months, compared with conventional high-flux hemodialysis. In contrast, the “European Trial of
Free Light Chain Removal by Extended Dialysis (EULITE)” study did not show improved renal recovery with HCO-HD
among patients requiring acute dialysis for LCCN.

Keywords: multiple myeloma, myeloma cast nephropathy, light chain cast nephropathy, renal failure, treatment
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Parameters HD (n = 59) PD (n = 52) P value
Male gender 30 (50.8%) 23 (44.2%) 0.514
Age (yr) 50.29 = 14.29 61.67 = 12.61 <0.001*
Duration RRT (months) 66.5 + 62 29.77 £ 22.03 <0.001*
BMI (kg/m®) 23.03 + 3.54 24.79 = 4.31 0.020*
Calcium (mg/dL) 8.91 + 1.91 9.22 + 0.93 0.271
Phosphate (mg/dL) 5.02 £ 1.5 428 + 1.22 0.006*
Fasting blood sugar (mg/dL) 123.56 + 67.85 120.44 + 40.03 0.779
Albumin (g/dL) 4.3 + 0.44 3.59 + 0.59 <0.001*
LDL (mg/dL) 108.64 + 36.59 123.68 + 48.53 0.090
HDL (mg/dL) 47.37 + 15.9 50.33 + 16.32 0.400
Triglyceride (mg/dL) 127.48 + 115.28 167.38 + 157.13 0.169
Ferritin (ng/mL) 598.67 £+ 910.13 890.06 + 702.84 0.083
PTH (pg/mL) 501.78 + 649.39 279.08 + 271.07 0.022*
Systolic BP (mmHg) 146.63 + 18.48 145.67 + 18.66 0.788
Diastolic BP (mmHg) 77.53 £ 10.42 80 = 10.62 0.218
Diabetes 50 (86.2%) 49 (94.2%) 0.161
Hypertension 16 (27.6%) 26 (50%) 0.016*
Dyslipidemia 3 (5.2%) 4 (7.7%) 0.705
Medication
e ACEI/ARB 12 (20.7%) 29 (55.8%) < 0.001*
e Beta blocker 24 (41.4%) 15 (28.8%) 0.170
e (Calcium channel blocker 40 (69%) 38 (73.1%) 0.635
e (Calcium (g/day) 2.41 + 3.27 1.58 + 2.31 0.128
e Vitamin D (mcg/wk) 1.36 = 3.15 0.55 + 1.29 0.076
RRF (ml/day) 151.69 + 252.4 505.77 + 416.88 <0.001*
KT/V urea 1.95 + 0.41 2.04 + 0.62 0.681
Weekly creatinine clearance 83.08 + 4.95 65.17 + 19.12 <0.001*

(LAwk/1.73m?)

HD, hemodialysis; PD, peritoneal dialysis; RRT, renal replacement therapy; BMI, body mass index; LDL, low density lipoprotein cholesterol;
HDL, high density lipoprotein cholesterol; PTH, parathyroid hormone; BP, blood pressure; ACEI, angiotensin converting enzyme inhibitor; ARB

angiotensin receptor blocker; RRF, residual renal function
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Adjust OR (95%Cl) p-value
Calcium >10 mg/dL 2.11 (0.46, 9.65) 0.336
Phospate >4.5 mg/dL) 1.59 (0.46, 5.5) 0.462
PTH 1(1,1.01) 0.128
Vitamin D 1 (0.61, 1.65) 0.996
Albumin > 3.5 g/dL 5.8 (0.93, 36.12) 0.059
RRF > 200 ml/day 0.09 (0.02, 0.35) <0.001*
ACEI/ARB 0.17 (0.04, 0.64) 0.009*

PTH, parathyroid hormone; RRF, residual renal function ACEI, angiotensin converting enzyme inhibitor; ARB angiotensin receptor blocker

a1519% 3 Tadendanudiinsiuanuudemsamasnieniioieuisnmsendeniunenlansdasissnnmsinszinmsauls

Beta coefficient (95% CI) p-value
HD vs PD 0.73 (0.03, 1.44) 0.040~
Duration of RRT (months) 0 (-0.01, 0.01) 0.780
Age (year) -0.02 (-0.04, 0.01) 0.169
Phosphate (mg/dL) -0.19 (-0.45, 0.07) 0.147
PTH (pg/mL ) 0.01 (0.01, 0.02) 0.009*
Vitamin D (mcg/wk) 0.16 (0.02, 0.31) 0.031*

HD, hemodialysis; PD, peritoneal dialysis; RRT, renal replacement therapy; PTH, parathyroid hormone

asu
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Comparison of Changes in Peripheral
Arterial Index between Peritoneal Dialysis
and Hemodialysis on End Stage
Renal Disease

Patamaporn Luesatja, Boonthum Jirajan, Udom Krairittichai, Kumtorn Lelamali,
Warangkana Pichaiwong,Wanniya Meenune, Sakarn Bunnag
Division of Nephrology, Department of Medicine, Rajavithi Hospital, Bangkok, Thailand

Abstract

chkground: Arterial damage is the major contributory factor for high cardiovascular morbidity and mortality in patients
with end-stage renal disease. Among the methods for assessment of arterial damage, measurement of ankle brachial
index (ABI) and cardio-ankle vascular index (CAVI) are noninvasive and considered to predict cardiovascular risk. This
study assessed and compared progression of arterial damage by ABI and CAVI in hemodialysis (HD) and peritoneal
dialysis (PD) patients.

Method: A prospective cohort study was conducted during January 2016 to January 2017 in dialysis unit Rajavithi
Hospital. Patients with end-stage renal disease receiving HD and PD were enrolled. Patients were assessed by history
taking, physical examination, laboratory analysis, ABI and CAVI. All data was assessed by the beginning of study and 12
months after study. Change of ABI and CAVI profiles in 12 months were compared between patients with HD and PD.
patients was analyzed with related factors of arterial damage.

Results: Total of 111 end-stage renal patients were included, 59 patients received HD while 52 patients treated
with PD. Both patients in HD and PD arm had progression of markers for arterial damage within 12 months of study
period. Changes of CAVI score from baseline to 12 months after treatment were 10.96 +1.4 and 0.37 + 1.65 in HD and
PD patients, respectively (P=0.068). No significant change of ABI score was observed in both HD and PD patients.
Multivariate analysis revealed that HD patients had more progression of arterial stiffness than PD patients. Protective
factors for arterial damage included of residual renal function (RRF) >200 ml/day and use of ACEI/ARB.
Conclusion: PD associated with slower progression of arterial damage than HD. Possible causes might be preservation
of RRF and more frequent use of ACEI/ARB.
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Introduction

Adequate peritoneal dialysis (PD) includes sufficient
solute clearance, fluid balance, preservation of residual kidney
function (RRF) and improved patient survival'™ From two large
randomized controlled trials conducted among patients with
CAPD, the recommended small solute target was not less
than 1.7 of total weekly Kt/Vurea®®

The randomized ADEMEX study® found no difference
in outcomes between patients receiving a higher versus a
standard dose of CAPD (Kt/Vurea 2.2 and 1.8, respectively).
A similar trial from Hong Kong’ also failed to discover
any benefit concerning survival for greater small-molecule
peritoneal clearance (Kt/V urea <1.7) among patients with
CAPD. Moreover, the disadvantage of larger PD dosage

included a strong independent predictor of a loss of RRF,
hyperglycemia,® increased risk of contamination and
peritonitis,® interfering with patient lifestyle and leading to
patient noncompliance due to exhaustion.

Currently, incident CAPD patients are usually prescribed
a typical daily 2L x 4 exchanges of dialysate volume.
However, the daily dialysate volume to achieve the small solute
clearance target at the initiation of CAPD remains unknown.
Furthermore, individual factors such as comorbidity, body size,
residual renal function and peritoneal transport characteristics
affect the small solute clearance and determine the dialysis

8,10,11

dosage requirement. This study was designed to identify
the minimal daily dialysate volume required to achieve adequate

small solute clearance at CAPD initiation.
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Objectives

The primary objective of the study was to identify the
lowest total dialysate volume needed to achieve the adequate
small solute clearance target at CAPD initiation. The secondary
aim included factors that impacted small solute clearances,
effect of CAPD dose on residual renal function, volume status
and metabolic disturbances.

Material and Methods
Study Design

A single-center, prospective, observational study
was conducted between November 2016 and March 2017.
The study was approved by the Ethics Committee of Siriraj
Hospital, Mahidol University. Written informed consent was
obtained from all patients before enrollment.
Participants

All incidence CAPD patients who had initiated CAPD
between November 2016 and March 2017 were included in
the study. The exclusion criteria comprised patients refusing
to provide informed consent, having a history of peritonitis,
catheter malfunction, significant heart failure, hemodynamic
instability and previous hemodialysis. Peritonitis was diagnosed
in accordance with the International Society for Peritoneal
Dialysis guidelines”.
CAPD Regimens

All patients were dialyzed over a 2-day period of
consecutive CAPD regimens consisting of 4, 6 and 8 L of
total daily dialysate volume. The filled volume was 2 L per
exchange of 1.36% glucose-based PD fluid. The small
solute clearance of each CAPD regimen was evaluated by the
24-hour peritoneal dialysate efluent and urine output. Finally,
patients were prescribed with the lowest total dialysate volume
regimen that could achieve the total weekly Kt/V urea of at
least 1.7 and were followed-up at 1 month periods for small
solute clearance evaluation.
Data collection

Demographic characteristics of patients including
age, sex, cause of ESRD, urine volume and comorbid condition
were collected at the time of enroliment. The 24-hour urine GFR
was determined within 2 weeks before initiating PD therapy.
Clinical data including blood pressure, body weight, urine
volume, ultrafiltration (UF) volume and laboratory parameters
including serum, urine and peritoneal urea, creatinine (Cr),
glucose, sodium (Na), potassium (K), phosphate (POA) and
total protein were collected at the end of each regimen and
30 days after the CAPD therapy. Adequacy of solute removal
was determined by total weekly Kt/V and normalized creatinine
clearance (nCCr) using standard methods. The peritoneal

membrane transport characteristics were evaluated using a

modified peritoneal equilibration test at 4 weeks after
initiating CAPD. Concomitant medications, including
angiotensin-converting enzyme inhibitors (ACEls), angiotensin
Il receptor blockers (ARBs), loop diuretics, aminoglycosides,
contrast, and nonsteroidal anti-inflammatory drugs, were
recorded based on medical records.
Adverse Events

Adverse events included emerging PD complications
such as peritonitis, congestive heart failure, abdominal
discomfort, hernia, leakage, hospitalization, mortality and
permanent switching to HD therapy, which were ascertained
based on medical records and self-report by participants or
their family members.
Statistical Analyses

Results were expressed as mean + standard
deviation for continuous normally distributed variables, median
and range for skewed variables, and frequency and percentage
for categorical variables. Differences in patient demographic
features, GFR, urine volume, clinical and laboratory
parameters between groups were evaluated by independent
t test for parametric data and Mann- Whitney test for
nonparametric data. Comparisons of parameter between 4, 6,
8 L regimens were made using repeated ANOVA. Statistical
analysis was performed using SPSS for Windows software,
version 18.0 (SPSS Inc). P <0.05 was considered statistically
significant.

RESULTS
Study Participants

From November 2016 to March 2017, a total of 22
patients initiated CAPD therapy in the Siriraj PD Center. Of
these patients, 8 were excluded due to E. coli peritonitis
(n=1), catheter malfunction (n=1), significant heart failure (n=1)
and receiving temporary hemodialysis (n=5), Fourteen patients
were recruited in the present study. Patient baseline character-
istics, urine volume, residual renal function, cause of ESRD, and
comorbid conditions were shown in Table 1. The mean age of the
participants was 65 years and body surface area was 1.62 m”.
At the time of enroliment, all patients had a mean residual
urine volume of 1489.86 ml/day with a mean furosemide dose
of 547.14 mgrsday. The initial mean GFR calculated from the
mean value of 24-hour urine CCr and urea clearance (Curea)
GFR was 5.10 ml/min/1.73 m® and the eGFR, calculated from
the CKD-EPI formula, was 5.52 mL/min/1.73 me.
Small solute clearance

A significantly increased total small solute clearance was
observed from dialysis doses of 4, 6 and 8 L including total
weekly Kt/Vurea (2.03 vs. 2.39 vs. 2.98, respectively P<0.001)
and total nCCr (72.48 vs. 81.24 vs. 93.72 L/wk/1.73 m?,
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respectively, P=0.001) resulting from the increasing
peritoneal Kt/Vurea (0.95 vs. 1.42 vs. 1.93, respectively,
P<0.001) and peritoneal nCCr (27.28 vs. 35.97 vs. 46.97 L/

Table 1 Baseline characteristics of all participants (N=14)

wk/1.73 m?, respectively, P<0.007). No significant change was
found concerning renal clearances after increasing the dialysate
doses, as listed in Table 2.

Baseline characteristics

Value (N=14)

Age (years)

Male sex, N (%)

Body surface area (m?)

Body weight (Kg)

Systolic blood pressure (mmHg)
Diastolic blood pressure (mmHg)
Volume of distribution of urea (L)
24-hour urine GFR (ml/min/1.73m%)
eGFR (mL/min/1.73m?)

Urine volume (mL/day)

Cause of ESRD, N (%)
e Diabetic nephropathy
e Hypertension
e Other
e Unknown

Comorbid disease, N (%)
e Diabetic mellitus
e Hypertension
e Cardiovascular disease

ACE inhibitors/ARBs, N (%)

Dose of furosemide (mg)

65 + 9.66 (50-83)
6 (42.90)

1.62 + 0.17 (1.38-2.00)
58.72 + 10.68 (43.90-79)
138.64 + 15.40 (104-158)

77.79 + 11.83 (56-98)
29.82 + 4.48 (21.30-38.50)

510 + 1.64 (2.55-7.61)
552 + 1.99 (2.28-10.00)

1489.86 + 571.32 (500-2613)

8 (57.1)
1(7.1)
2 (14.3)
3 (21.4)

8 (57.1)
11 (78.6)
3 (21.4)

4 (28.6)

54714 + 233.61 (160-1000)

eGFR, estimated glomerular filtration rate; ESRD, end stage renal disease; ACE, angiotensin converting enzyme; ARB, angiotensin Il receptor blocker.

Table 2 Small solute clearance compared between each regimen

Total dialysate volume per day

Small solute clearance P
4 L 6L 8L
Total weekly Kt/Vurea 2.03 + 0.55 2.39 + 0.33 2.98 + 0.66 < 0.001
Peritoneal weekly KtV .. 0.95 + 0.22 1.42 £ 0.30 1.98 = 0.33 < 0.001
Kidney weekly Kt/V, ., 1.08 + 0.49 0.97 + 0.38 1.05 = 0.62 0.460
Total nCCr (LAvk/1.73 m®) 72.48 £ 27.23 81.24 + 18.96 93.72 + 29.39 0.001
Peritoneal nCCr (L/wk/1.73 m?) 27.28 + 5.78 35.97 £ 8.20 46.97 + 9.46 < 0.001
Kidney nGFR (LAvk/1.73 m®) 40.15 44.05 46.92 0.410

(26.83 - 60.89)

(30.41 - 61.92) (23.14 - 66.60)

nCCr, normalized creatinine clearance. nGFR normalized glomerular filtration rate
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Fluid balance

A significant increase was observed regarding
ultrafiltration (UF) with larger dialysis dose (-398 vs. -99 vs.
402 mL/d for 4, 6 and 8 L, respectively, P<0.007). On the
contrary, no significant difference was found regarding urine
volume, total fluid removed (sum of daily urine volume and
ultrafiltration), blood pressure and body weight. These
reasonably indicated that larger initial urine volume could
be compensated for negative ultrafiltration.
Metabolic disturbance

Larger total dialysate volume caused significantly
increased glucose absorption (42.24 vs. 55.04 vs. 64.45
gm/d for 4, 6 and 8 L, respectively, P<0.0017), and tended to
increase blood sugar levels (156.09 vs. 154.00 vs.167.36 mg/
dL, respectively, P=0.695). Regarding 4 vs. 6 vs. 8 L of total
dialysate volume regimens, significantly increased dialysate
sodium (-16.23 vs. -0.91 vs. 45.16 mmol/D, P<0.001),
potassium (12.03 vs. 17.45 vs. 22.36 mmol/D, P<0.007) and
phosphorus (124.84 vs. 164.30 vs.183.86 mg/D, respectively,
P<0.001) were found. No difference was found regarding their
blood levels but a trend to decrease serum potassium and
phosphorus levels was observed (Table 4).
CAPD prescription after the small solute clearance
evaluations

According to the small solute clearance target, 14
patients initiated CAPD with the lowest total dialysate volume.

Of these patients, nine achieved the adequate small solute
clearance target (total weekly Kt/V > 1.7) with 4L, five patients
required 6 L and none needed 8L of daily dialysate volume
at initiation (Figure 1). Baseline characteristics of patients in
the two and three daily exchanges groups were compared to
predict who needed 4 or 6L regimens (Table 5). No significant
difference was found concerning age, body size, cause of
ESRD, comorbid conditions or diuretic dose. However, the
4L group tended to have a smaller body size and higher
residual GFR (5.07 vs. 3.78 ml/min/1.73m’, respectively,
P=0.191) and urine volume (1648.11 vs. 1489.78, respectively,
P=0.317) than the 6L group.
Adverse events

During the study period, peritonitis occurred in two
patients undergoing 4 L regimen. Of these, one developed
acute cholecystitis on day 20 and the other presented acute
diarrhea on day 28 after initiating CAPD. Other PD related
complications were not found in this study.
Small solute clearances and fluid balance at 30-day
follow-up

In all, 12 patients completed the study at 30 days after
CAPD therapy. No significant difference was noted regarding
surrogates of fluid balance, small solute clearances or residual
renal function between the 4L and 6 L regimens during this
period, as shown in Table 6 and 7.

Table 3 Surrogate factors of volume status and fluid balance compared between each regimen

Total dialysate volume per day

Surrogate factors P
4L 6L 8L
Systolic BP (mmHg) 139.79 + 11.08 137.07 + 8.35 137.86 + 11.07 0.054
Diastolic BP (mmHg) 77.85 + 11.19 77.79 £ 11.03 76.86 + 10.88 0.599
Body weight (Kg) 58.56 + 10.55 58.41 + 10.54 58.14 + 10.51 0.060
i -398.00 -99.00 402.50
Ultrafiltration (mL/d) 0.002
(-826.50 - 228.00) (-664.50 - 251.00) (-154.25 - 932.75)
1587.00 1369.00 1467.50
Urine volume (mL/d) 0.119
(1056.50 - 2092.50) (973.25 - 1820.00) (487.50 - 2032.50)
) 1217.00 1114.00 1548.50
Total fluid removed (mL/d) 0.807

(879.25 - 2101.00)

(800.00 - 1820.50)

(1159.75 - 2265.00)
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Table 4 Metabolic parameters compared between each total dialysate volume regimen

Total dialysate volume per day

Metabolic parameter P
4L 6L 8L
Glucose absorption (gm/day) 42.24 = 1.47 55.04 + 2.56 64.44 + 3.65 < 0.001
Blood sugar (mg/dL) 156.09 + 73.09 154.00 + 71.88 167.36 + 47.80 0.695
) - 16.23 - 0.91 45.16
Sodium removal (mmol/day) < 0.001
(-99.36 - 31.60) (-56.01 - 29.66) (8.82 - 116.14)
Serum sodium (mmol/L) 137.77 + 4.44 138.18 + 3.89 137.72 + 3.43 0.753
Potassium removal (mmol/day) 12.03 + 2.03 17.45 + 2.54 22.36 + 2.30 < 0.001
Potassium (mmol/L) 3.26 + 0.44 3.25 + 0.47 3.10 + 0.49 0.429
Phosphorus removal (mg/day) 124.84 + 34.03 164.30 + 37.83 183.86 + 41.49 < 0.001
Serum phosphorus (mg/dL) 3.92 + 0.96 3.63 £ 0.79 3.40 £ 0.74 0.162
Total protein (g/dL) 6.78 + 0.66 6.77 + 0.60 6.74 =+ 0.70 0.949
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Figure 1 Small solute clearance - total weekly Kt/V of 4 L(A), 6 L(B) and 8 L(C) of dialysate regimen.

To identify the minimal dialysate volume for adequate small solute clearance in CAPD initiation,

9 patients achieved target adequacy (total weekly Kt/V > 1.7; solid line) from initiated with 4 L regimen, and the other 5 patients achieved

target adequacy from initiated with 6 L regimen.
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Table 5 Baseline characteristics compared between patients who achieved target adequacy with 2 and 3 exchanges of

dialysate per day

Baseline characteristics 2 Exchanges (N=9) 3 Exchanges (N=5) P value

Age (years) 63.33 + 8.47 68.00 + 11.94 0.408
Male sex, N (%) 4 (44.4) 2 (40.0) 1.000
Body surface area (m®) 157 + 0.18 1.64 + 017 0.486
Body weight (Kg) 55.58 + 11.55 59.92 + 10.54 0.488
Systolic BP (mmHg) 141.00 £ 16.35 134.40 + 14.19 0.464
Diastolic BP (mmHg) 77.89 + 10.23 77.60 = 15.66 0.967
Volume of distribution of urea (L) 29.311 £ 3.97 30.74 = 5.67 0.589
24-hour urine GFR (ml/min/1.73 m%) 5.63 + 1.64 3.86 + 0.82 0.172
eGFR (mL/min/1.73 m?) 575 + 2.43 510 + 0.83 0.739
Urine volume (mL/day) 1648.11 + 591.96 1489.78 + 449.69 0.317
Cause of ESRD, N (%)

e Diabetic nephropathy 5 (55.6) 3 (60.0) 1.000

e Hypertension 1(11.1) 0 (0) 1.000

e Other 2 (22.2) 0 (0) 1.000

e Unknown 2 (22.2) 1 (20.0) 1.000
Comorbid disease, N (%)

e Diabetic mellitus 5 (55.6) 2 (60.0) 1.000

e Hypertension 6 (66.7) 5 (100) 0.258

e Cardiovascular disease 2 (22.2) 4 (20.0) 1.000
ACE inhibitors/ARBs, N (%) 2 (22.2) 2 (40) 0.580
Dose of Furosemide (mg) 500 + 208.33 500 + 300.20 0.756

Table 6 PD profile in patients who achieved adequacy with 4 liters dialysate regimen (N=7) compared between beginning and

30 days after treatment

Parameters At initiation (N=7) 30 days (N=7) P value

Ultrafiltration (mL/d) -180 -1

(-450 - 270) (-1114 - 287) 0.753
Urine volume (mL/d) 1932 2165

(1216 - 2290) (1137 - 2625) 0.463
Fluid removed (mL/d) 1574 1404

(917 - 2314) (1199 - 2685) 0.753
Total weekly Kt/Vurea 2.33 + 0.41 214 + 0.47 0.401
Peritoneal weekly KtV ., 0.96 = 0.17 0.788 + 0.13 0.098
Kidney weekly KtV .. 1.37 + 0.43 1.34 + 0.52 0.898
Total nCCr (LAvk/1.73m’) 86.50 = 30.69 90.72 = 22.61 0.915
Peritoneal nCCr (LAvk/1.73m?) 26.27 + 5.36 25.02 + 3.37 0.516
Kidney nCCr (L/Awk/1.73m°) 59.14 62.77 0.463

Modified PET

(33.37 - 75.70)

(46.65 - 92.56)
0.77 + 0.16

nCCr, normalized creatinine clearance; PET, peritoneal equilibration test
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Table 7 PD profile in patients who achieved adequacy with 6 liters dialysate regimen (N=5) compared between beginning and

30 days after treatment

Parameters

Ultrafiltration (mL/d)

Urine volume (mL/d)

Fluid removed (mL/d)

Total weekly Kt/Vurea

Peritoneal weekly KtV

Kidney weekly Kt/V

Total nCCr (LAvk/1.73m?)

Peritoneal nCCr (LAvk/1.73m?)

urea

urea

Kidney nCCr (L/wk/1.73m?)

(24.52 - 61.46)

Modified PET -

Initiation (N=5) 30 days (N=5) P value
-170.00 -26.00
(-1319.00 - 40.00) (-285.50 - 535.00) 0.068
1510.00 1830.00
(507.00-2495.00) (852.00 - 1900.00) 0.465
602.00 1745.00 0.068
(245.50 - 1847.00) (731.00 - 2330.00)
2.20 + 0.42 2.24 £ 0.40 0.935
1.30 + 0.33 1.36 + 0.25 0.072
0.90 + 0.46 0.88 + 0.39 0.103
77.76 £ 17.71 79.91 = 11.09 0.913
35.22 + 13.09 36.64 + 11.41 0.486
40.74 39.85
0.068

(27.98 - 56.71)

0.68 = 0.15 -

DISCUSSION

This study identified the minimal dialysate volume
for incident CAPD patients receiving glucose based PD fluid.
We found that using 4 to 6 L of dialysate volume at CAPD
initiation could achieve the adequate small solute clearance
target among patients with CAPD having a body surface area
of 1.62 + 0.17 m’ and residual urine GFR of 5.10 + 1.64 ml/
min/1.73 m’” while no patients needed 8L of daily dialysate
volume. We found that the total daily dialysate volume and
number of exchanges were strongly associated with the
peritoneal small solute clearances and ultrafiltration volume.
From our study, no effect was observed concerning the
different dialysis doses concerning urine volume, daily
fluid removal or residual renal function during the 30-day
follow-up period. Conversely, a cohort study by Singhal et
al. showed that larger PD fluid volume daily constituted a
strong independent predictor of the rate of GFR decline and
concluded that dialysis dose could be a contributor to GFR loss®.
However, the larger PD fluid volume was not clearly defined
in that study and it contained many patients using automated
PD which might have compromised the systemic hemodynamic
causing renal hypo-perfusion and declined RRF'>™.

Adverse events related to the peritonitis were reported
in two patients undergoing the 4 L regimen. The number of
PD exchanges proved an important determinant of peritonitis

rates because fewer connections and disconnections will

reduce the risk for contamination®. However, in our study,
peritonitis was related to the bacterial translocation associated
with acute cholecystitis and acute diarrhea. Although our study
showed that long dwell time could reduce the ultrafiltration
volume, we found no adverse events of volume overload or
congestive heart failure among our patients. This may have
been a compensation of the residual renal function.
Therefore, patients using this minimal dialysate volume
regimen should be monitored regarding small solute
clearance, volume status and residual renal function. The
limitations of our study included the small sample size,
short term follow-up and lack of middle molecule clearance
data which may have affected patient outcomes. Consequently,
it might the results may have been too underpowered to
distinguish differences in baseline body size, urine volume
and residual kidney function, as well as patient survival
and long term complication of patients undergoing different
CAPD regimens. This study also used the total Kt/Vurea
of 1.7 in determining the adequacy target which may not
have represented the most appropriate target regarding the
studied period.

In conclusion, initiating CAPD with 4 and 6 L of total
daily dialysate volume among patients with GFR of residual
urine 2.6 to 7.6 ml/min/1.73 m® could achieve adequate small
solute clearances and fluid balance in the early period of CAPD
therapy.
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Minimal Dialysate Volume for Adequate
Small Solute Clearance at CAPD Initiation

Ratchada Haemin, Thatsaphan Srithongkul, Nipa Aiyasanon, Suchai Sritippayawan
Division of Nephrology, Faculty of Medicine Siriraj Hospital, Mahidol University

Abstract

Background: The total daily dialysate volume at the initiation of continuous ambulatory peritoneal dialysis (CAPD) is
usually 8 L, prescribed as fill volume of 2 L, 4 cycles daily. However, the minimal dialysis dose to achieve the adequate
small solute clearance at the initiation remains unknown.

Objective: The aim of the study was to identify the minimal dialysate volume for adequate small solute clearance at
CAPD initiation.

Methods: A single center prospective observational study, was conducted including incident patients with CAPD aged
more than 18 years. All patients were assigned to 3 CAPD regimens, prescribed with total daily dialysate volume of 4, 6
and 8 L respectively. The primary outcome was the minimum dialysate volume which could achieve the target of small
solute clearance. The secondary outcomes included factors affecting adequate small solute clearance, change of residual
renal function (RRF) and metabolic parameters.

Results: The study enrolled 14 incident patients with CAPD. Baseline body surface area (BSA) was 1.62 + 0.17 m®
mean eGFR was 5.52 + 1.99 mL/min/1.73m® and mean residual urine volume was 1489.86 + 571.32 ml. Comparing
between total dialysate volume regimens of 4, 6 and 8 L, a significant increase in total weekly Kt/\urea (2.03 vs. 2.39
vs. 2.98; respectively, P<0.007) and peritoneal Kt/Vurea (0.95 vs. 1.42 vs. 1.93; respectively, P<0.007) was observed
without difference in kidney Kt/Vurea (1.08 vs. 0.97 vs. 1.05; respectively, P=0.40). The ultrafiltration (UF) volume
significantly increased (-398.00 vs. -99.00 vs. 402.50 mL/d, respectively, P =0.002). No meaningful difference in urine
volume (1587.00 vs. 1369.00 vs. 1467.50 mL/d; respectively, P=0.119) and daily fluid removal (1217.00 vs. 1140.00 vs.
1548.00 mL/d; respectively, P=0.807,) was observed but mean glucose absorption increased (42.24 vs. 55.04 vs. 64.45
gm/d; respectively, P<0.007). Nine patients achieved the adequate small solute clearance target with 4 L while 5 patients
achieved the target with 6 L. No patients needed 8 L of daily dialysate volume at initiation.

Conclusion: Initiating CAPD therapy using 4 and 6 L of daily dialysate volume among patients with residual urine GFR
of 2.6 = 7.6 mL/min/1.73 m2 achieved adequate small solute clearance and fluid balance.

Keywords: Continuous ambulatory peritoneal dialysis (CAPD); residual kidney function (RKF), dialysate volume, adequacy
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Background

Evidence has well established that hyperphosphatemia
and hypercalcemia play a key role in the pathogenesis of
bone disease and calcification. Vascular calcification
assumedly leads to increased morbidity and mortality due to
cardiovascular disease among patients with chronic kidney
disease."

Dietary phosphate restriction and dialysis are insufficient
to control serum phosphorus and may develop malnutrition.
In addition, oral phosphate binders can play an important
role.*

One related study showed that treatment with
phosphate binders in serum phosphorus greater than 4.5 mg/
dL is was independently associated with improved survival
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among patients receiving hemodialysis.’

Calcium-based phosphate binders have been the
mainstay of therapy for many years because they produce
good efficacy at low cost. Currently, much evidence has
suggested limiting the positive calcium balance to avoid
hypercalcemia and calcification. The kidney disease
improving global outcomes (KDIGO) suggest restricting
the dose of calcium-based phosphate binders in the
presence of recurrent or persistent hypercalcemia, arterial
calcification, adynamic bone disease or persistently low
serum PTH levels.6 Furthermore, the KDIGO suggest using
a dialysate calcium concentration between 1.25 and 1.50
mmol/L (2.5 and 3.0 mEg/L).° The total dose of elemental
calcium provided by the calcium-based phosphate binders
should not exceed 1,500 mg/day.’

Sevelamer, which is a non-absorbed phosphate
binding polymer,® has been reported to be effective in
managing hyperphosphatemia and reducing calcium load
among patients receiving dialysis in European countries and
the US.*" One related study has shown that sevelamer
attenuated coronary and aortic calcification compared
with calcium-based binders among patients receiving
hemodialysis." Furthermore, meta-analysis showed that
using sevelamer lowered all-cause mortality compared
with calcium-based phosphate binders among patients
with CKD stages 3 to 5 with or without dialysis.”

Two clinical issues in treating with sevelamer are a
relatively high pill burden and greater expense which limits
its availability in many countries.”® The average dose of
sevelamer to control serum phosphorous is quite high at
about 6.5 + 2.9 g/day11 and causes poor compliance from
pill burden and gastrointestinal side effects including
constipation, nausea and vomiting."

We postulated that sevelamer might be better used
combined with calcium carbonate binders, thereby optimizing
serum phosphorus control, decreasing calcium load and
limiting cost. Related studies have compared combined
calcium carbonate (CaCOs) and sevelamer to sevelamer
alone in reducing serum phosphorus levels showing
inconsistent results.”"® However, in our study, we prospectively
evaluated the clinical efficacy and safety of the combined
therapy between CaCO3 and sevelamer carbonate compared
with full-dose CaCO3 among patients receiving long term
dialysis.

Objectives

The study’s primary objective was to determine the
efficacy of CaCO3 plus sevelamer compared with full dose
CaCO3 to control serum phosphorus levels among patients

receiving dialysis. The secondary objective was to compare
levels of intact- parathyroid hormone (iPTH) and serum calcium
between the two groups.

Materials and Methods
Subjects

A total of 67 patients receiving dialysis at
Phramongkutklao Hospital, Bangkok, Thailand were
included in our study. Eligible patients met the following
inclusion criteria: (i) patients with end stage renal disease
receiving long term dialysis with hyperphosphatemia
(serum phosphorus >4.5 mg/dL), (i) normal serum calcium
(8.5 to 10.5 mg/dL), (iii) serum iPTH >150 pg/mL, (iv) stable
dose of vitamin D at least 12 weeks before randomization,
(v) older than 18 years old and (iv) receiving elemental
CaCO3 less than 1,500 mg/day. All patients in the study
met the usual minimum standard for dialysis adequacy.
Patients receiving hemodialysis had a single-pool Kt/V of
>1.2 and weekly Kt/V >1.7 for peritoneal dialysis. Exclusion
criteria comprised severe medical illness, active malignancy
and malnutrition (serum albumin less than 3.5 g/dL) within
12 weeks before randomization. Informed consent was
obtained from all patients before participating in the trial
and the study protocol was reviewed and approved by the
Ethics Committee of the Institute Review Board of the Royal
Thai Army Medical Department.

Study protocol

We conducted a prospective randomized controlled
study to compare the effect of combined CaCO3 and
sevelamer therapy versus full dose CaCO3 concerning the
effect of mineral metabolism among patients receiving long
term dialysis. From sample size calculation with o of 0.05
and [3 of 0.20, we needed 40 patients in each group. Using
block randomization, patients were assigned to one of two
double-blinded treatment groups. A computer-generated
randomization procedure in blocks of four was used. Eligible
patients were randomly assigned to one of two groups.
One group received decreased elemental CaCO3 at
600 mg daily with added sevelamer 1,600 mg daily and
the other group received increased elemental CaCO3 at 1,500
mg daily.

A therapeutic dose of phosphate binders was
maintained during the eight-week study period. Patients’
vitamin D was not altered throughout the study. All
eligible patients were instructed regarding food intake by
a nutritionist. Compliance with phosphate binders was
assessed by checking pharmacy dispensing records.
Biochemical measurements

All subjects underwent laboratory blood tests at
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baseline and eight weeks after randomization to analyze
serum concentrations of phosphorus, calcium, iPTH,
alkaline phosphatase (ALP) and albumin.
Safety Monitoring
Adverse events that were or were not considered related to
the study drugs were monitored.
Statistical Analyses

Descriptive statistics were used to summarize
demographics and baseline characteristics. Data were
presented as mean + SD and mean change. Paired t tests
were performed to compare the results to baseline at each
time point within groups. Differences between groups were
established by independent t-test and Chi square test.
A P-value less than 0.05 was considered to be significant.
Statistical analyses were carried out with STATA/SE,
Version13.

Table 1 Baseline characteristics of patients

Results
Patients

Of the 67 patients recruited according to entry criteria in
the study, 33 patients were assigned to the combined CaCO3
and sevelamer group, and 34 to the full dose CaCO3 group.
One patient was lost to follow-up in the combination group
and four patients in the full dose CaCO3 group. One patient in
the full dose CaCO3 group had to discontinue the study drug
because of hospitalization due to non-ST elevation myocardial
infarction and one patient in the combination group had lost the
study drug. The baseline characteristics of the two treatment
groups before administering the study drugs did not differ in
terms of gender, age, dialysis vintage (year), previous CaCO3
dose, dialysate calcium, comorbid diseases, blood pressure,
biochemical parameters and current medications as shown
in Table 1.

CaCO_ plus sevelamer CaCoO
Parameter S 3 P-value
(N=33) (N=34)
Sex Male 19(57.6%) 23(67.7%) 0.40
Female 14(42.4%) 11(32.3%)
Age (years) 51.82+17.18 51.97+12.32 0.97
RRT 0.22
Peritoneal dialysis 4(12.1%) 8(23.5%)
Hemodialysis 29(87.9%) 26(76.5%)
History of parathyroidectomy 3(9.1%) 3(8.8%) 1.00
Dialysis vintage (years) 4.01+4.56 5.32+5.66 0.30
Dialysate calcium (mEg/L) 0.98
25 32(97.0%) 33(97.1%)
&5 1(3.0%) 1(2.9%)
Previous CaCO3 dose (mg/day) 2034.85+716.38 2303.24+638.98 0.11
SBP (mmHg) 136.48+20.08 138.21£18.75 0.72
DBP (mmHg) 76.06+£12.52 77.53+10.53 0.61
Body weight (kg) 60.80+11.06 64.24+13.27 0.26
Serum phosphorus (mg/dL) 5.68+0.96 5.83+0.96 0.52
Serum calcium (mg/dL) 9.36+0.66 9.29+0.53 0.65
Serum iPTH (pg/mL) 410.88+226.98 420.77+228.08 0.75
Serum albumin (g/dL) 4.23+0.45 4.08+0.42 0.17
Serum alkaline phosphatase (IU/L) 93.33+48.65 84.24+29.85 0.36




Journal of the Nephrology Society of Thailand 57

Table 1 Baseline characteristics of patients (Continue)

CaCO_ plus sevelamer CaCO
Parameter 3 g P-value
(N=33) (N=34)
Comorbid diseases
Diabetes mellitus 10(30.3%) 7(20.6%) 0.36
Hypertension 30(90.9%) 26(76.5%) 0.11
Cerebrovascular accident 4(12.1%) 2(5.9) 0.43
Dyslipidemia 24(72.7%) 29(85.3%) 0.21
Cardiovascular disease 3(9.1%) 6(17.7%) 0.48
Medication
ACEI 3(9.1%) 4(11.8%) 1.00
ARB 14(42.4%) 6(17.7%) 0.03
BB 16(48.5%) 13(38.2%) 0.40
CCB 22(66.7%) 26(76.5%) 0.43
Alpha blocker 11(33.3%) 11(32.3%) 1.00
Constipation 3(9.1%) 5(14.7%) 0.71
Abdominal distension 0(0%) 2(5.9%) 0.49
Nausea 0(0%) 0(0%) NA
Vomiting 0(0%) 0(0%) NA

Data are n or mean+SD

ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BB, beta blockers; CCB, calcium channel blockers; DBP,

diastolic blood pressure; RRT, renal replacement therapy; SBP, systolic blood pressure; iPTH intact parathyrpoid hormone

Changes in the parameters during the
8-week study period
Serum phosphorus

At the end of the 8-week study, mean serum
phosphorus levels improved significantly over the course of the
study in both groups. The mean reduction was -0.83 + 0.98
mg/dL (from 5.71 + 1.01 mg/dL to 4.87 + 1.32 mg/dL, p<0.007)
in the combination group and -1.06 + 1.40 mg/dL (from 5.74
+ 0.90 mg/dL to 4.69 + 1.19 mg/dL, p<0.007) in the full
dose CaCO3 group. No significant difference was observed
between the two groups (Table 2, Figure 1).
Serum calcium

Although the mean change of serum calcium
concentration between the two groups was not statistically
significant, it tended to decrease in the combination group and
increase in the full dose CaCO3 group. The mean reduction
was 0.03 *
0.14 +
(serum calcium >10.5 mEg/L) did not differ between the

0.49 mg/dL and the mean increment was
0.59 mg/dL (Table 2, Figure 2). Hypercalcemia

two groups, which involved only one patient in each group.
The trend for the serum calcium to increase more than 0.3
mg/dL from baseline value was more frequent in the full dose

CaCO3 group [6/33(18.2%) vs. 13/34 (38.2%), p=0.04).
Serum iPTH and alkaline phosphatase

Serum iPTH also decreased in both groups but without
any significance. The average reduction was -37.07 pg/mL
(from 410.88 + 226.98 pg/mL to 373.81 + 251.82 pg/mL,
p=0.087) and -29.41 pg/mL (from 420.77 + 228.08 pg/mL
to 391.36 + 282.44 pg/mL, p=0.265) in the combination
and full-dose CaCO3 groups, respectively (Table 2, Figure
3). The serum alkaline phosphatase concentration did not
significantly increase in both groups (Table 2).
Adverse events

During the study period, one patient in the full-dose
CaCO3 group received a diagnosis of non-ST elevation
myocardial infarction and hypercalcemia. The gastrointestinal
side effects were uncommon and no significant difference
was observed between the two groups (Table 3). Only mild
constipation was reported but no case of severe adverse
events or death.

Discussion
Hyperphosphatemia and positive calcium balance
are strong risk factor causing death from cardiovascular
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events."® Therefore, controlling hyperphosphatemia levels
and preventing an excessive positive calcium balance are
important therapeutic strategies.

In our study, the clinical efficacy in combining
phosphate-binding therapy using sevelamer carbonate
and a small dose of CaCO3 was evaluated among patients
receiving long term dialysis. The results of this study
demonstrated that the combination of elemental CaCO3
600 mg/day plus sevelamer 1,600 mg/day was as effective
as elemental CaCO3 1,500 mg/day to control serum phosphorus
levels in patients receiving long term dialysis. Their ability to

Table 2 Changes in the parameters during the 8-week study

reduce serum phosphorus was about 0.8-1 mg/dL. Similarly,
one study in Japan, Iwasaki Y, et al." showed that sevelamer
3,000 mg/day plus CaCO3 2,450 mg/day significantly
reduced serum phosphorus 0.8 to 0.9 mg/dL after an
eight-week study period. Our study showed the combined
dose of CaCO3 and sevelamer was less than that of the
Japanese population but resulted in the same efficacy.
The possible reasons were lower baseline serum phosphorus
than that of the previous study'* and may be more dietary fiber
intake in the Thai population. However, whether this is true
requires further investigation.

CaCO3 plus sevelamer

CaCoO
3

Parameter —val
aramete (N=33) (N=34) p-value

Serum phosphorus (mg/dL)
Baseline 5.68+0.96 5.83+0.96 0.47
Mean difference from baseline -0.83+0.98 -1.06+1.40

Serum calcium (md/dL)
Baseline 9.36+0.66 9.29+0.53 0.23
Mean difference from baseline -0.03+£0.49 0.14+0.59

Serum iPTH (pg/mL)
Baseline 410.88+226.98 420.77+228.08 0.83
Mean difference from baseline -37.07+£91.99 -29.41+134.16

Serum albumin (g/dL)
Baseline 4.23+0.45 4.08+0.42 0.47
Mean difference from baseline 0.04+0.42 -0.03+0.31

Serum alkaline phosphatase (IU/L)
Baseline 93.33+48.65 84.24+29.85 0.58
Mean difference from baseline 4.11+£21.90 0.93+21.39

SBP (mmHg)
Baseline 136.48+20.08 138.21£18.75 0.88
Mean difference from baseline -3.72+18.45 -3.03+16.99

DBP (mmHg)
Baseline 76.1£12.5 77.5+10.5 0.96
Mean difference from baseline -2.59+£12.72 -2.76£12.93

Data mean+SD at baseline and mean change+SD at 8 weeks.

DBP, diastolic blood pressure; iPTH, intact parathyroid hormone; SBP, systolic blood pressure



Journal of the Nephrology Society of Thailand

59

CaCO3 plus sevelamer CaCO3

0

-0.2

-0.4
)

> 06 P<0.001

€

-0.8

-0.83+0.98
-1
-1.06 +1.40
-1.2
L J

P<0.001

Figure 1 Mean changes in serum phosphorous after treatment - No intergroup differences reached statistical significance. CaCO3 plus sevelamer;
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Figure 2 Mean changes in serum calcium after treatment - No intergroup differences reached statistical significance. CaCO3 plus sevelamer;
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pink bar, full-dose CaCOS; grey bar.



60 | Original Article

Table 3 Adverse events

CaCO_ plus sevelamer CaCoO
Adverse events & & p-value
(N=33) (N=34)
Non-ST elevation myocardial infarction 0 1(2.9%) 0.49
with hypercalcemia
Constipation 2(6.1%) 3(8.8%) 0.67
Abdominal distension 0 0
Nausea 0 0
Vomiting 0 0
Other 0 0

The serum calcium level slightly decreased in the
combination group but not reaching statistical significance.

In contrast to other studies,' "

serum calcium significantly
decreased in combination therapy. This could be explained
by many reasons such as they had high baseline serum
calcium levels, the initial dose of CaCO3 was quite high
(nearly 4 gm/day of CaCOS), and the dose of CaCO3 from the
dose was decreased about 50% from baseline level after
randomization. Unlike our study, all of the baseline serum
calcium concentrations were within normal range. The initial
dose of CaCO3 was only about 2 gm/day, and only 20% of
the dose of CaCO3 was decreased from baseline level after
randomization. However, the calcium load using the combination
therapy was significantly less than full dose CaCO3.

In this study, a tendency was observed to decrease
the serum iPTH in both groups. Although without statistical
significance, a longer follow-up time may be needed. Similar

to related studies,”"”

iPTH fell to normal ranges after providing
standard dose sevelamer treatment despite persistently
lower serum calcium level.

The combination therapy appeared to be superior
because it avoided the high incidence of gastrointestinal side
effects associated with sevelamer carbonate. Moreover, recent
evidence has suggested that high dose calcium therapy with
subsequent high calcium load might be harmful in patients
with end stage renal disease.'™™ Chertow et al. reported that
sevelamer HCI inhibited the progression of coronary artery and
aortic calcification by improving the calcium excess," so the
combination therapy might also reduce cardiovascular events
associated with vascular calcification. Furthermore, another
advantage was from a financial viewpoint because sevelamer
carbonate costs 10 times that of CaCOS.

One patient in the full dose CaCO3 group received
a diagnosis of non-ST elevation myocardial infarction. This
event was not judged by the investigators to be related to

the treatment because this patient had underlying ischemic
heart disease, and multiple atherosclerotic risk factors for
plague rupture. The gastrointestinal side effects were less

1-14 and

pronounced than those reported in related studies
might be explained by the sevelamer dose of only 1,600 mg/
day and more dietary fiber in Thai foods.

To our knowledge, this is the first randomized controlled
study to determine the efficacy and safety of the combination
of CaCO3 and sevelamer compared with full dose CaCOs.
However, our study had several limitations. The study involved
a short term follow-up (only 8 weeks on the study drug) and
so requires a long term investigation to determine more
surrogate endpoints such as vascular calcification, bone
morphological change and reduced need for parathyroidectomy.
In addition, the study population reached only 80% of the
sample size calculation and no information was provided
regarding the phosphate binders equivalent dose in Thai
populations to establish equal efficacy between the two groups.

Conclusion

The combination of CaCO3 plus sevelamer was an
effective treatment to control serum phosphorus among
patients receiving long term dialysis. The serum calcium level
tended to increase while the calcium load showed a greater
decrease in the combination group. No severe adverse events
were found and all of the enrolled patients exhibited good
tolerability to the study drugs.
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Efficacy and Safety of CaCO3 plus Sevelamer
VS. CaCO3 to Control Serum Phosphorus in
Long Term Dialysis Patients:

A Randomized Controlled Study

Sirimon Hwangkhunnatham, Bancha Satirapoj, Amnart Chaiprasert, Naowanit Nata,
Theerasak Tangwonglert, Ouppatham Supasyndh
Division of Nephrology, Department of Medicine, Phramongkutklao Hospital and College of Medicine, Bangkok, Thailand

Abstract

Background: Elevated serum phosphorus and calcium levels are associated with vascular calcification and
mortality among patients receiving dialysis. The dose of calcium-based phosphate binders has been linked with
increased arterial calcification, necessitating that limitations be placed on the use of these agents. Recently, sevelamer
as a noncalcium-based phosphate binder attenuates serum phosphorus, calcium and vascular calcification in this
population.

Objective: The study aimed to compare the efficacy and safety of combined CaCO3 and sevelamer vs. full dose CaCO3
to control serum phosphorus among patients receiving dialysis.

Methods: We conducted a randomized controlled study among patients receiving dialysis with high serum
phosphorus. The patients were randomized to CaCO3 1,500 plus sevelamer 1,600 mg/day or CaCO3 3,750 mg/day for
8 weeks. The mean changes of serum phosphorus, calcium and intact parathyroid hormone (iPTH) and side effects
were monitored.

Results: A total of 67 subjects were randomized (33 to CaCO3 plus sevelamer and 34 to CaCOa). Overall the
treatment groups were well balanced with respect to baseline demographics. Significant reductions in serum
phosphorus in both groups of CaCO3 plus sevelamer and CaCO3 group were -0.83+0.98 mg/dL (p< 0.007) and -1.061.40+
mg/dL (p<0.007), respectively. No significant difference was found in mean changes of serum phosphorus between
groups. The CaCO3 plus sevelamer group tended to have lower serum calcium and serum iPTH levels. No difference
was observed among patients of CaCOa plus sevelamer and CaCOa in term of adverse events.

Conclusion: This study indicated that administration of combined CaCO3 and sevelamer among patients receiving
dialysis was effective to control serum phosphorus. This regimen is safe and well-tolerated. We suggest that further
research is needed to confirm long term outcomes.

Keywords: Sevelamer, calcium carbonate, dialysis, hyperphosphatemia
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CPC-Clinicopathological [@lelsi{=I{=]gle=]

A 31-year-old Man with Nephrotic Syndrome
and Generalized Rash

Metinee Sutthivaiyakit, MD., Nuttasith Larpparisuth, MD.
Division of Nephrology, Department of Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University

A 31-year-old Thai man, Hometown — Bangkok

Chief complaint:
Generalized edema for 8 days

Present iliness:

He has been diagnosed HIV infection receiving
antiretroviral therapy comprised of nevirapine, lamivudine and
stavudine since March 2014. His serology for hepatitis B surface
antigen and anti-hepatitis C antibody were negative. He did
not have previous history of other sexual transmitted disease.
At 6 months ago, his latest CD4 count was 474 cells/mm?®,
HIV viral load was < 20 copies/ml and serum creatinine (Cr)
level was 1.04 mg/dl.

Two weeks ago, he developed non-pruritic generalized ' f
erythematous rash over his trunk, both of his palms and soles. ]
He also had low grade fever and fatigue. Eight days before
admission, he noticed that both eyelids were swollen while
both legs gradually became more swollen. He also had foamy
urine, frequent urination and nocturia. His weight increased
from 64 to 71 kg within 8 days. He denied having anorexia,
photosensitive rash, oral ulcer or arthralgia.

Physical Examination:

V/S: T 37°C, PR 94/min, RR 18/minute, BP 148/83 mmHg

GA: Sthenic built, not pale, no jaundice, no dyspnea, puffy
eye lids, pitting edema 2+ of bilateral legs

Skin:  Generalized edema, multiple discrete erythematous
macules at abdominal wall, back, both forearms
(Figure 1) and multiple macules with peripheral whitish
scale at both palms and soles (Figure 2)

CVS: normal S1 and S2, no murmur

RS: old surgical scar at left chest wall, no adventitious
sounds
LN: multiple painful lymphadenopathy at cervical, axillary

and inguinal area with maximal size of 2 cm in diameter  gjg 2 Multiple discrete erythematous macules with peripheral whitish scale
Others: unremarkable (collarette scale) both palms and soles
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Laboratory findings

CBC: Hb 13 g/dL, WBC 6,800/mL, (N 66.3%, L 24.5%, M 7%,
E 1.8%, B 0.4%), platelet 253,000/mL.

Serum creatinine 1.53 mg/dL, BUN 20 mg/dL
Plasma Na 139, K 4.4, Cl 99, HCOS’ 24 mmol/L,
LFT - normal

pH 5.0, sp.gr. 1.010, protein 4+, RBC 0-1/hpf, WBC
0-1/hpf, OVF 0-1/pf

Urine protein creatinine ratio 4.6 g/g Cr

Cholesterol 206 mg/dl, Triglyceride 200 mg/dI
HBsAg —ve, Anti-HCV —ve

VDRL - positive 1:64, TPHA — positive > 1:80

Renal biopsy:The mesangium showed mild increase in cells

U/A:

and matrix in some segments. The capillary walls
and interlobular arteries were unremarkable. No
sclerosis, crescents or endocapillary proliferation
was detected. Mild tubular atrophy and moderate
interstitial mononuclear cell infiltration. (Figure 3).
EM: Small subepithelial electron dense deposits were
found. There was neither subendothelial nor mesangial
deposition. The visceral epithelial cells showed 100
percent foot process effacement with cytoplasmic
vacuolization and microvillous transformation (Figure 4).
Pathological diagnosis: membranous nephropathy.

Fig 3 PAS stain of the renal tissue showed no significant abnormality
in light microscopy
(Courtesy of Assoc. Prof. Boonyarit Cheunsuchon, Department
of Pathology, Faculty of Medicine Siriraj H ospital, Mahidol University)

-
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Fig 4 Electron microscopy showed occasional small subepithelial
deposits (head of arrow) and the visceral epithelial cells show 100%
foot process effacement (red arrow) with cytoplasmic
vacuolization and microvillous transformation (Courtesy of
Assoc. Prof. Boonyarit Cheunsuchon, Department of Pathology,
Faculty of Medicine Siriraj Hospital, Mahidol University)

Final Diagnosis:
Secondary syphilis with secondary membranous
nephropathy

Hospital course

He was treated with intramuscular injection of benzathine
penicillin 2.4 million units, in addition to furosemide and salt
restriction. Three hours after penicillin treatment, he developed
acute fever, severe headache and exacerbation of rashes.
Jarisch-herxheimer reaction was diagnosed and subsequently
resolved within 24 hours after supportive treatment. He did
not receive any steroid treatment. One week after antibiotic
treatment, edematous symptoms improved significantly and
body weight returned to his baseline. After completion of
treatment of syphilis, serum albumin gradually increased from
2.2 g/dl at discharge to 4.2 g/dl at 1 month later. The urine
protein creatinine ratio decreased to 0.3 g/g Cr at discharge
and 0.07 g/g Cr in 5™ month after discharge.

Literature review
Renal manifestation in syphilis

Syphilis is a widely known sexual transmitted disease
caused by a spirochete, Treponema pallidum. Incidence of
syphilis infection in most of developed countries is in decline
until 1990s because of widespread use of antibiotics, same
as in Thailand. The prevalence of syphilis in United States
of America in 2014 was 6.3 cases per 100,000 populations'
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which was quite comparable to Thailand which was 4.89
per 100,000 populations.” Nowadays, this disease becomes
antiquated and unfamiliar to several junior physicians.
Moreover, renal involvement is an uncommon clinical feature
of syphilis.

Various kinds of kidney diseases have been reported
in syphilis and mostly are glomerular abnormalities. Proteinuria
is the most common clinical syndrome, specifically membranous
nephropathy is the most common pathological finding (Table 1).°
However chronic renal failure caused by renal gumma is
another form of renal involvement. Syphilitic renal disease
is usually found in secondary and tertiary phase with the
prevalence of 0.3-8% and 7%°, respectively. To establish
the definite diagnosis requires history of recent infection,
characteristic symptoms and signs, confirmation by
positive serological test and typical course of disease
which has spontaneous remission or rapid recovery following
antimicrobial therapy® *.

Table 1 Pathologic finding in syphilitic renal disease (AAWLUAY
10 Havill JP, et al.”)

Immune complex glomerulonephritis
e Membranous nephropathy
e Mesangial proliferative glomerulonephritis
e Rapidly progressive glomerulonephritis with crescents
e Post infectious endocapillary proliferative

glomerulonephritis

Minimal change disease with acute renal failure secondary

to interstitial edema

IgA Nephropathy

Renal gumma

Amyloid renal disease

Interstitial nephritis

For membranous nephropathy, the most evident
renal pathology, most patients occurred during a symptomatic
phase of syphilis. There have been 24 patients with syphilitic
membranous nephropathy reported during a period of 69 years.
Mean age was 35.29 years while male to female ratio was
5:1. HIV infection and history of multiple sexual partners or
male homosexual were found in 17% and 29% of patients,
respectively. The onset of disease was usually insidious.
Most cases developed nephrotic syndrome after a chancre

or condyloma lata with a mean time of 4 weeks. However,

there were few reports of concurrent proteinuria at the onset
of rash.”” One patient developed proteinuria before skin
signs.® Laboratory investigation demonstrated various
degrees of proteinuria and hypoalbuminemia with mean
values of 9.65 g/24hr and 2.16 g/dl, respectively. Renal
function initially impaired with mean serum creatinine level of
1.9 mg/dl. Subepithelial electrodense deposit have been also
demonstrated in several patients.

Skin manifestation is very helpful to establish
diagnosis of syphilis which can be the cause of nephrotic
syndrome. So meticulous history taking and physical
examination with awareness of this cause of nephrotic
syndrome will be very useful to establish the diagnosis and
provide the specific management. Electron microscopy has
an advantage for establishing a diagnosis of membranous
nephropathy despite of normal light microscopic finding. HIV
infection has a major association with Treponemal infection

as shown in many reports.””"

Thus, screening for syphilis
infection should be tested in HIV patients with nephrotic
syndrome.

Treatment of kidney complication in syphilis principally
depends on stage of primary disease. Penicillin remains the
first choice while other options are doxycycline, ceftriaxone
and azithromycin. Most of reported cases with syphilitic
kidney diseases got better after only antimicrobial treatment.
If syphilis as the cause of kidney abnormality is neglected,
incorrect treatment with immunosuppression may be given
to the patient. Our patient responded well to benzathine
penicillin treatment. The sequential association and
improvement of proteinuria with antimicrobial treatment
suggested syphilis as a cause of nephrotic syndrome.
There is no evidence supporting role of immunosuppressive
therapy in this clinical entity.

Most of patients with syphilitic membranous nephropathy
had recovery in renal function after treatment of T. palladium
infection. The mean time to achieve remission after treatment
was 33 days. However, a few cases experienced only partial

remission." "

For our patient, time to remission was quite short.
Proteinuria disappeared on 5" day after treatment and did not

relapse after 5" month.

Conclusion

This case report emphasizes that syphilis should
be considered in the differential diagnosis of nephrotic syn-
drome in particularly patients with multiple sexual partners,
presence of other sexual transmitted disease and HIV infec-
tion. Renal involvement of syphilis is a treatable cause with
favorable prognosis. Early recognition and prompt treatment with
appropriate antibiotic is mandatory.
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70 Case report

Report

A 57-year-old woman with rheumatic heart
disease presented with acute lower
abdominal pain
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Physical Examination

Vital sign: T36.8°C, BP 141/95 mmHg, PR 90/min, RR 16/min

GA: A Thai middle-aged woman, cooperative, anxious

Skin: no rash or petechiae, no palpable purpura, no
livedo reticularis, no tattoo or needle marks, no
splinter hemorrhage

HEENT: not pale conjunctiva, anicteric sclera, no thyroid

gland enlargement, no cervical lymph node

enlargement

RS: normal chest contour, equal breath sounds, no
adventitious sound

CVS: full peripheral pulse all extremities, totally irregular

pulse, no thrill, no heaving, variable 8182, diastolic

rumbling murmur at apex grade Il with systolic

ejection murmur at left upper parasternal area

grade Il

Abdomen: globular shape, no surgical scar, normoactive

bowel sounds, mild tender at left lower

abdomen, no guarding, liver and spleen

cannot palpable

Extremities: no pitting edema

wansaNIRaIUAUANS

Hb 13 g/dl MCV 84 fl, RDW 12.7% WBC 9,300 (PMN 71 Lymph

22%) platelet 149,000 /ul

BUN 22, Cr 0.98 mg/dL (baseline Cr 0.8 mg/dL),

Na 133, K 4.2, CI 103, HCO3 24 mmol/L

TB 1.47 mg/dL, DB 0.31 mg/dL, AST 135 U/L, ALT 90 U/L,

ALP 57 U/L, Alb 3.1 g/dL, Glob 4.3 g/dL, LDH 1138 (normal

range 81-234) U/L, CPK 234 U/L

U/A: yellow, pH 5.0, Sp.gr. 1.020, albumin 1+, glucose —ve,
ketone 2+, blood 1+, WBC 0-1/hpf, RBC 2-3/hpf,
no bacteria, no cast

Film acute abdomen: no active pulmonary infiltration
or congestion, no free air or abnormal bowel gas
pattern, no renal calculi

EKG: atrial fibrillation rate 80/min, normal ST-T pattern

Ultrasound bed side: no ascites, no renal or ureteric calculi,
no hydronephrosis
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sUN 1 mndieBnasgraniaimesdasriosny multifocal wedge shape hypodensity lesions at left kidney.

Ms3013a8
Acute left renal infarction
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n35nunln warfarin lneid1vinnesziy international
normalized ratio (INR) 2.5-3.5

Case discussion and literature review
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NR, not report; IU/ml, international unit per milliliter
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