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I Review Article

Review

Hemodiafiltration and clinical outcomes

Chakkraphong Thedphithak, Peenida Skulratanasak
Division of Nephrology, Department of Medicine,
Siriraj Hospital, Mahidol University

Abstract

Nowadays, the number of end stage renal disease (ESRD) patients tends to increase every year. The renal
replacement therapy including hemodialysis, peritoneal dialysis and kidney transplantation demonstrates a benefit
of improved quality of life and survival particularly kidney transplantation. Despite the techniques of hemodialysis
have been developed in the past three decades, the all-cause mortality and cardiovascular mortality are still higher
than general population. Therefore, to enhance the efficacy of uremic toxins clearance, hemodiafiltration method
that combined diffusive with convective solute removal in a single therapy was developed. Recently, many clinical
researches have been proven the advantages of hemodiafiltration over the conventional hemodialysis. However, the
highly efficient hemodiafiltration requires the specific technique with a high-flux dialyzer, vascular access to provide
the sufficient blood flow rate and ultrapure dialysate fluid. Because the adequate convection volume is the pivotal
factor for decreased mortality in hemodiafiltration.

This article reviews the principle of hemodiafiltration and clinical outcomes including mortality in dialysis patient,

solute clearances, cardiovascular disease, and nutritional status.

Keywords: hemodiafiltration
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nsnenidennlgdsalulnesilmstu (hemodiafiltration,
HDF) Huasniswendeniidunisnaunaunisvinveade
Fa8nszUIunIsWNS (diffusion) dudunalnudnuesnis
WonldeAwuy conventional hemodialysis (HD) saufiu
n15M1 (convection) daiudnuwazvesnisendenuuy
hemofiltration (HF) W liseriu dawalvanusansuss@nsnm
Y83nszUIunIsunslun1sudavendeluianadnuazidu
nsifinUszansanlunisudaveaidslulanasuinnana
WATVUIA MR AIENTEUIUNITNT ToYaIINAITANYILARS
Tdiuinnsenidense3s HOF wWsuiieuiunisneniden

WUU low-flux hemodialysis 438 conventional hemodialysis

dustusfuniaiuturesnisvinveademangiin (uremic
toxin) ImEJLawwaﬁﬁﬁMLaﬂamumﬂaN asiduiulUsAu
wagansiieItUnTTUIUNTENLEUA1 i fuwnlifudiazan
SnmadeTindefiheldfutinumsimaunuiinnyas
sufsaamaiianzanudlaiindlusaginisweniden
(intradialytic hypotension) WazanazumsngauaINNITWON
donlunauu wu naiinniaz amyloidosis Maiinnz
atherosclerosis 1Jusiu Jagiuisniswendense?s HOF
fuwlduflasshfunntuwihlansufsanalng desnn
fidoyaivilisnsnisasanas uazifiununmdinves
fUaeliiady!
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nsnendennie sdlulaozfanstu Wun1swauis
nsWenidenlasiiguandinisvinvesdedion1suns
waznsnuaeiy Fordnmsvesniswatudunisiy
vosduaannioniuthiigniseonaindanses (ultrafiltrate)
Bunin solvent drag Tnensviaveademedsigesiiusuna
909 ultrafiltrate wienasINveATUMALNUTUUTA
ansthilfesnsiseanangihe etuuiinaeenstiessosas
20 vesUTuandeniinudinseswdn hish-flux na1ife
AuaudRduUszaninisnses (Kuf) anndn 20 ua/Aaluy/
131.U50% Wave1 sieving coefficient (S) d&msuans p2
microglobulin 11nn31 0.6 TuvmgiReInudesdin1syaLse
miﬁfﬂwmLmuﬁﬁqmauﬁaﬂimmﬂL%@LLasﬁauUssﬂausum
o (sterile and non-pyrogenic solution) AMNAIBUBNDEN
soifleatngidenvesiaede 1esanuiina ultrafiltrate
finasioruansalunsydaveade? Wuansimeunuiy
agﬂué’nwmzmsﬁwﬁmiqmLLUUE?’]L%%EU ﬂﬁ]ﬁ;ﬂ’umiﬁw
naunuiannsananansruutiluiedladionfaioniai
71 “online HDF”

n1sventdenn2835 online HDF ddudesonde

wdadlafisudmiuin HOF dwmsumsiinansimaunuy
(replacement fluid %3® substitution fluid) L‘fﬁqjﬁﬁaﬂ
vosihedesenduesdusznay fe Ledesiuflrdsansn
vmLLmuLﬁwajLﬁamﬁshmeﬁm 9 (substitution fluid pump)
fnsesfiauiiliarsimaunuiiauandiviaande
squﬁﬁwuﬁiﬂfﬂumsmuqmﬁﬁgﬂﬁqaaﬂmﬂﬁqﬂiauﬁa
Tilsusnnaunisvinvesdenionisni (convection volume)
fifisame Tnefusinamniddesnsiseanaindiiseshs
winga’

Tneanunsadvansimaunulusumasing 9 VDINAT
nsrenidensiaiadeimiioy (Junsldarsimauny
AeuendInges lraziduuSin venous line 139n31
7% post-dilution U arterial line 5831 pre-dilution
LarnsINa1IveIiinges 2 Mililunisenideniidendn
mid-dilution Fauandlugudl 1° uenanidsdinisnfuansin
nauwnungluminseslagedenalnnisiin back filtration
melufinsenes Wy 35 push-pull HOF 1Hu3sTidudeu
w1ty Fedufidendesnituuuusn 351y online HDF
wUsmuiwmiinsinansimaunuiideuazdesiia
il
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1. Pre-dilution

Lﬂumﬂﬁmi‘jﬁmLmuﬁauﬁwﬁaﬂimﬁﬂﬁﬁamgmﬁia
Meneudfinses Sdefe awnsaliasiiusuiaun
mufigieanisla lvinlmAnnedendu (hemoconcentration)
lainn1gdansesgadu wazyibiussiuludinses vie
transmembrane pressure (TMP) Liwasuudasn e
\WiauAuds post-dilution usiiieliauaunsalunisadn
veudesedimsnilsurinfudeddusinaesinaun
1ANITIS post-dilution Uszanas 2 wih? Seideddayvedisi
fie silvinnsvdnansgSeudeansluanaidnanaailesnin
\Fongnideannauifinses livuiun1suiave e
Faeiinsundiinanasniuan® Bissdeulunsdiiguae
fdeininveswnsinisivaveaden (blood flow rate, BFR)
vidoiitgmmaAnniseaiuvessinges vensiitgmies
TMP Tusianseas

2. Post—dilution

dunsliansazanenaunundsianses 1uisugiu
Yo3n15WloniAenf838 HOF deofrenisvdnansiuanaidn
medsnsunslidanas urdedrinfe minAmue convection
volume lunsisanstnunmiiull azdwaldinanivden
Fuanndu WANNTRARUYDIFAINTDS sl TMP
1uﬁaﬂimgﬂsﬁu TnevhlUasiavdmun convection rate
WiadnNsRNEsImALIUTIR USRS N sReanseen
mngthelsiiAuienas 30 vesdhmsivatenden’ day
Wiewiuuszavsnmwesmsrlenidendne sy AUIefewEINTe
Wondenlneisnsinisinavendeniiifisne ws1zAw
mmm’tums‘uiﬁ’mﬁuauﬁa‘[uLaqaﬁummmqLLazﬂuuwmiwzgﬁu
Fuusnmsinanssensnidundn Sndsuiuniidonis
Q@L%EJI‘U?@LM%@LLaaUﬂﬁuﬁM’]ﬂ%uI@EJLQWW%ﬁﬂi%ﬁ’Uﬁ?ﬂiaﬂﬁﬁ
FER NI

3. Mid-dilution

B dunssanendoivesds pre-dilution war post-
dilution LﬁaLﬁ'uﬂizﬁw%mﬂumiﬁmaqLﬁaﬁy’ﬂmaqmﬁﬂ
waglutanalvg lAgn1sitansavaIunaARNUATINGIs
vo9nTosluszuy laelddinsosdmivenifonunuy
high-flux 2 A1 LALALAITAZAIENALNUTENINAINTD
weaoe vieldfnsewuulndfigunsaduarsiimawny
drluluRanansesianges (Finses Nephros OLpur™)
inlinsvdnvesdsluanaldninindd pre-dilution dau
n1svdnansiuanavuinnatsiazyun g duuildudngd
W3oLfiguvMnag post-dilution ag1slsiausoslduinim
ANTUMALIULNNNTNIE post-dilution Uszuad 1.5 1’

v
ada

inuinfislevifinduniiluiesnisuinasiduiu
TUsAuuazdnsnisgaydeueayiiutdosninds post-dilution
widsdidoddinsonfufy lutlagtuinisfaudnges
fannsaifuansimaununsaisnansuesiansesld

4. Mixed-dilution

\Junslfansiiififanaia pre-dilution uaz post-
dilution Ingdnmdrumesansimaunutuargneauausiluf
wlelving TMP aeflutag 150-300 anUsem Tlduszavisnm
Tuniswenidensian

n1sWentdenis online HDF eswmatia post-dilution
Juisfdenlddudilng iesniinsviavesdedivin
fian Turaugild convection volume fitioeiian Saruduen
sesunuilenSouiisuiuisau 9 sniuluunassinaden
7121435 pre-dilution wnnndfina dwdn 2 35 Wuditen
thonin ilssndeddgunsaiviesnseaiiuiiy ogdlsfn
annsateiuUsyansamuasnisenidenliituld 58u
uenwiionn post-dilution Fszlovilunsalifiaeiitym
Tun191¥a blood flow el dInsosuazUrengudil
ANURAUNAvRIGDR Wy ANULTEengs YSinalusiu
Tudenas vieidendinnuniauin 1Wusiu

nswenidonsneds HOF rilsusavBamgsiigadesdils

v
=

Sovdnnsddnyuedisi fe nsiiruansalunswifiaty
1191135 hemodialysis a1uUnf é’fqﬁ?umé’ﬂmsﬁwﬁ@
TunsvliiAnUsunaunisdnesdesisnisnimnzay
Foarniladadadosing q fedl (st 1)
1. Jademesugae

1.1 Euildluniswenden feafiuszansninlunis
fadeneanlanetnetios 300-350 wa./ui fansaunldidu
arteriovenous fistula (AVF) 38 arteriovenous graft (AVG)
iian withgtuiunliiigiisazorgroutrannimiy
fsaumuuayisaladiumnniy Feonaviililiansa
¥ AVF 39 AVG 19 anansaldanenenideniuu permanent
tunneled cuffed catheters wnula LLﬁéjadﬁﬂﬁdﬁﬂﬁiaﬂmi
Wasnsinisivavetdonlntiosnin d@walit convection
volume #il@snindanune winsududedld catheter
wuzilifiuszoznainiswendendn 30-60 Wil dslafly
guassalun1sFasi HOF®

1.2 vwadudildlunszuiunisweniden dadenis
Daanudndenszuinsnswendenlilenuilisndonis
Al duvunaiideudnsing Tnedduwuin 14-cauge way
15-gauge avanunsavilisnsnsluaveadsnlaninni
450 18./47 wag 350-450 wa./ui ANEIAU
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1.3 szAuanududuvendafenuazszduueayiiu
Imawud’mﬁum’mL%'u%'ulﬁamﬁqqﬁwasiammwﬁm%qLﬂumq
Tiinsesgadiuldieuniu dunsiissduwoayiuiine
ANANIENUADNIINTEUIUNNT vascular refilling 161

2. Yademedunsdanissne

2.1 Gsnaunisvdavendosienism Tnedinsdad
nssnenliwsd §8u3R post-dilution Whmnedosegratios
23 Ansslenisweniden 1 ade dnis pre-dilution fiBgu1ANT
Uszand 2 W1 @ mid- wag mixed-dilution fo1nnn
Uszanad 1.5 Wi’

2.2 8asimsviaveaden msegnatias 300-500 1a./udl
1y post dilution agfoulndnsinisivavesdenliuinnia
350 31a./417 14l iitedesiunsiAname hemoconcentration
wag filtration fraction ludinseuiusesay 30 &30
pre-dilution ausaidasnsinisinavendeadiniale
dnddug iy 300 wa/wft lesndnisdesns damn
Li’lLﬁu convective volume mn%u TaaanizaAn dilution
factor A3 0.5 vlin1svdalasnisunsiiuelvan
Usgansnimasuin

2.3 vilavosiinges dedltvuingnsosidvuinlg
warflauanddiifanszuruntsmlddniedanuanudd
FuUszansnisnsesnndt 40 wa/Aluy/au.dsen uaz
A1 sieving coefficient (S) d1m15uUans B2 microglobulin
11nA31 0.6 wazilwuraiuiialaesiuilvuinlngides
2 asnaesiiielianunsainnisunslansae arsuandes
L?‘iaﬂiaqﬁﬁ@mamﬁa@m%ﬁgq U polymethyl methacrylate
WS1zavaINane convective volume vinlilddiadwunalea

2.4 gdunisudeivendon Ysumuunffiedestu
LiliAnnsanduresiinges

25 szpznainisneniden wielwls convective
volume flifisswe waz UF rate #lalunniiuly enseglutag
Uszanas 4-5 Falu

3. Jademeumaiiawaziaesile

3.1 8§ns1nslnavesitgnrenden Tngsialuide
400-500 wa. /i saufusnsIn1sinavesansiimauny
Famurnisifiusasinisivavesitgienidendaus
300-700 wa./uf wuailufimnuuanatetuluFesves
Ms#a convective volume wazlsifinasio convective dose
nsialudasfigioraviliiinsiiunsvinvesyGeletis
wiliifinasanisrdnanslaianavuianats @usnsinisiva
yosEsimauny AsdaUszanal 90-160 ua/undi wie
Soway 25-33 wee0nsIN1siravesden’

3.2 duuuusavisann (ultrapure fluid) Lasannisld
fnsesfifignsosvuelg) flomariensuudouluthannsa
ddnsuadonld dafufiomnnaeneisiont ultrapure
fluid TngxnsguvesUsunauafisesesiesnin 0.1 CFU/
1a. warUSunandulafiendudestiosnin 0.03 EU/a.

3.3 mimwﬂumiﬁﬂmiﬁ? (ultrafiltration control)
TagA TMP ﬁqwsﬁﬂﬁﬂ”lwmﬁ'auﬁlﬁﬁﬁu wanlaals
wnAulumszazyilisnsesdnvianiesald Tnenn
{udesszuu manual 819857 TMP faandn 400 uu.Usen
d1us¥UU automated 8190gluyr9UsEUI 105-300
uu.Uson’

M15199 1 Tanuzihlunisenidenmedsalulaesimsdulalauss@nsaw

asrusznauluniswaniienneisslulaasinstu

ANWULVDIRNINTDY

Yin high flux, 1.6-2.2 A5.41.

Fiber internal diameter w1nn31 200 lulAsiuns wag
mstinuautRduUsEAVENINTes (Kub 1nndn 40 wa./Anlu/
11.U50% wazA sieving coefficient (S) dmivans p2
microglobulin 110131 0.6

wWunldluniswenidan (vascular access)

Fistula %i5e graft \udrduusn lunsalitlalll aransald tunneled
catheter lgi

ansINsnavasian (blood flow rate, BFR)

300-500 1a./u19

ansnslvavesuieveniden (dialysate flow rate)

500-600 1a./4% + SINESUINALNY (substitution solution)
25-33% suaqé’mﬁmﬂwasumﬁam

35115 Mavasa1sumaLny (infusion flow rate)

90-160 ua./u17
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asrusznauluniswaniiannqesalulaaslnstu

U3N10UN15UINVB9LEBA28N15N (convection volume)
o Post-dilution
¢ Pre-dilution
* Mid-dilution kag Mixed-dilution

23 aNRBNNSSNYIVGD 26 ans/1.73 AS.4.
46 ARTHBNITINWINTD 52 aM5/1.73 M5.4.
35 aRsAENISSAYIYSe 40 8ns/1.73 A5.4.

mimUQumiﬁamﬁﬁﬂ (ultrafiltration control)

usenulufngos 150 transmembrane pressure (TMP) Usgauneu
105-300 13.U587

FARUANINENAITO NDINUIAY 3,5

nanspatinvasnsHanideniie salulnasiansdu

nswentdennl8358lulaesfamstusinliiianan
waneUsenng fadl

1. warednIINsidedinve Ulelagsiutazdns,
msdedinanlsaimnlalazrasniden

31nTeyan1sAnyinavesnisneniiende358lula
prilnstuiunanednsINIssondinvesUie In1sAnw
ddauelng ifidnwae randomized controlled trial
wazdsnanon1susulasumaiafildlunisiendentuy
online-HDF l¢in the Convection Transport (CONTRAST)
study”®, Turkish OL-HDF study’, the Estudio de Supervivencia
de Hemodiafiltration On-Line (ESHOL) study® wag French
Convection versus Hemodialysis in Elderly (FRENCHIE)
study’ vilesannwaainnisinulunisineiiinaraunladle
S ldilUlufirmaioafuionus naade n1sAnwves
CONTRAST Wag Turkish OL-HDF lala@sunsaansnsinisidedin
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pre-dilution 11171 meamﬁqLﬁmmﬂsﬁ'aﬁi’ﬂﬁ’miumﬂ%
blood flow rate Tifleane daiudrdesnislfiinnisuda
geadesensniiieliAausslevilunsandnsnindedia
uazsnsIndsdinanlsaiilanazveonidon asely
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Japanese Society for Dialysis Therapy (JSDT)*

dusunisneniden online HDF wuu mid-dilution wag
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wnduszaznaiuiu Jeyanisnwdiulnguanslviiu
Fauin n1senidendaeds HOF anunsafiunisudnves
\dunau B2 microglobulin l@u1nn31n15911 high-flux
hemodialysis Usganusasay 30 f9 40 yilAnn ez e
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WuIiANNEUNUSAUSEAU fibroblast growth factor-23
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\Wisuiieunsyi HDF vian 4 Halus funsvin extended
conventional HD a1 8 #alus wud1 FGF-23 gnudalne
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5. wasensvheuvedlaiivde (residual renal function)

mshaveslafivdesy Judsiddyannlugtaelaneg
L%@%’ﬁ mﬂsﬂjayja systematic review Whag meta-analysis
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Review

Catheter-related bloodstream infection

Piched Pipatsamut, Treechda Chamradpan
Division of Nephrology, Department of Medicine,
Maharat Nakhon Ratchasima Hospital

Abstract

Catheter-related blood stream infections (CRBSI) are among the common complications encountered in
patients with end stage renal disease (ESRD) who received hemodialysis with central venous catheters. CRBSI
can cause disability, increased morbidity and mortality, longer length of hospital stays as well as increased health
care costs in these patients. Here in, we reviewed with regard to definition, the mechanism of infection, the
etiology and organisms involved, the types of infections, the treatment of CRBSI, and the preventive measures. As
of today, previous studies demonstrate many preventive measures e.g., use of antibiotic locks, shower safety, nares
decolonization, and using chlorhexidine caps. The aim of all these preventive measures is to decrease the rate of
infection with proper efficiency, cost-effectiveness, and convenience without increasing in the incidence of antibiotic
resistance nor decreasing in duration of use of catheters. All preventive measure should be applied to everyday

practice in hemodialysis unit.

Keywords: catheter-related bloodstream infections
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Nutritional management in incremental
hemodialysis patients
Athiphat Banjongjit, Piyawan Kittiskulnam

Division of Nephrology, Department of Medicine, Faculty of Medicine,

Chulalongkorn University

Abstract

In many countries including Thailand, thrice-weekly hemodialysis has been routinely prescribed in end stage
kidney disease patients initiating hemodialysis regardless of their residual kidney function. This prescription was
based on randomized controlled trials assessing urea clearance in patients who had little or no residual kidney
function. However, some incident hemodialysis patients still have significant residual kidney function which will
decline rapidly after thrice-weekly hemodialysis. This might lead to long-term unfavorable outcomes including
increased mortality. From the current evidence, measures to preserve the residual kidney function include regular
monitoring of the residual kidney function, avoidance or minimizing nephrotoxic agents, blood pressure control,
avoidance of intradialytic hypotension, using of high-flux biocompatible dialyzer, and using ultrapure dialysate.
Less frequent hemodialysis is also considered as a possible measure and there is an emerging concept of
incremental hemodialysis, that is to start hemodialysis with less frequent manner in patients with adequate residual
kidney function, and to increase hemodialysis frequency when the residual kidney function decline to the point of
inadequate solute clearance. This dialysis regimen should be applied along with the limitation of dietary protein
intake to reduce uremic toxin generation as well as the restriction of dietary sodium and fluid to reduce interdialytic
weight gain. According to the current evidence, patients who initiate once-weekly dialysis should limit their dietary
protein intake to 0.6 grams per kilogram of body weight per day in non-dialysis day and liberate their protein intake
in the dialysis day. For those receiving twice-weekly or thrice-weekly hemodialysis, dietary protein intake should be

1.0-1.2 grams per kilogram of body weight per day for both dialysis and non-dialysis days.

Keywords: incremental hemodialysis, nutrition, end stage kidney disease, residual kidney function
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Pain management in chronic kidney disease patients

Sitta Jiriyasin, Surasak Kantachuvesiri
Division of Nephrology, Department of Medicine,
Faculty of Medicine, Ramathibodi Hospital

Abstract

Pain is one of common complaints in patients with chronic kidney disease, which if not properly managed,
can lead to other adverse effects such as sleep disturbance, limitations in work and daily life, poor quality of life,
and missed treatment session in dialysis-patients. Key factors in pain assessment include pain severity, chronicity
of pain, nature of pain, and treatment goals. To achieve better treatment results, all of these factors should be
evaluated and the appropriate medications can then be prescribed. Currently the main pain medications
are paracetamol, non-steroidal anti-inflammatory drugs (NSAIDs) and opioids. All of which have altered
pharmacokinetics and side effects are more common in patients with impaired renal function. Selection of drugs
is recommended to consider all factors mentioned above. Paracetamol should be prescribed in people with
mild pain. If symptoms do not improve or patients with moderate to severe pain then consider using non-steroidal
anti-inflammatory drugs or opioids. This article describes how to evaluate pain and select appropriate drugs for pain

control in patients with impaired kidney function.

Keywords: chronic kidney disease, analgesic, paracetamol, NSAIDs, opioids
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Effects of statins withdrawal on cardiovascular
events in chronic hemodialysis patients:
A randomized, triple-blind,
placebo-controlled trial (ESC-HD trial)

Nalinee Phothisirisakulwong’, Kriengsak Funilkul?, Sathit Kurathong'
'Division of Nephrology, Faculty of Medicine Vajira Hospital, Navamindradhiraj University
’Division of Cardiology, Faculty of Medicine Vajira Hospital, Navamindradhiraj University

Abstract

Background: The leading cause of death in patients with end stage kidney disease on maintenance hemodialysis
(ESKD-D) is a cardiovascular (CV) disease. Efficacy of statins therapy has been proven in non-dialysis patients,
but recent guidelines recommend not to initiate statins in ESKD-D patients due to uncertain benefit. However,
the clinical outcomes of statins withdrawal in ESKD-D patients previously taken the medications have not been
explored.

Method: This is a single-center, prospective, triple-blind, randomized, placebo-controlled trial conducted in ESKD-D
patients in Vajira Hospital. The patients were allocated into the statins-withdrawal group, in which the statins
were replaced with placebo, and the simvastatin group, in which 20 milligrams per day of simvastatin was
prescribed. All participants were followed up for six months with safety interim analysis at 1% and 3 month.
The primary endpoint is the incidence of CV event. The secondary endpoints include serum lipid profile,
high-sensitivity C-reactive protein (hs-CRP), high-sensitivity cardiac troponin-T (hs-cTnT), and all-cause mortality.
Results: Forty-one participants were included in the study and allocated into the statins-withdrawal group (n = 19)
and the simvastatin group (n = 22). One participant was withdrawn from the study. At 6™ month, the incidence of
CV events was 1.56 and 1.30 per 100 person-months in the statins-withdrawal and the simvastatin group, respectively,
which was not statistically different by the Log-rank analysis (p-value=0.834). Total cholesterol and low-density
lipoprotein were significantly higher in the statins-withdrawal group at 3 and 6" months. No difference in hs-CRP
and hs-cTnT between groups was detected. No serious adverse events such as hepatitis, rhabdomyolysis,
hemorrhagic stroke, or death was reported throughout the study period.

Conclusion: Statins withdrawal in ESKD-D patients significantly increases serum cholesterol level without increasing

CV events in the intermediate term. No serious adverse event was reported with simvastatin prescription.

Keywords: chronic hemodialysis, cardiovascular, statins withdrawal, simvastatin
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Abstract

Background: A peracetic acid sterilant of dialyzer reuse is a practical approach in hemodialysis of renal replacement
therapy. Currently, using of the commercial polyethersulfone (PES), a synthetic polymer-based dialyzer membrane, is
increasingly utilized. However, a certain numbers of dialyzer reprocessing has not yet been determined as a standard
guideline even the capacity of sterilized dialyzer can be affected by the corrosion of peracetic acid.

Method: The physical and chemical characteristics of the PES membranes within dialyzers were evaluated using
scanning electron microscope (SEM) and energy dispersive X-ray spectroscopy (EDS) in three female patients with
end stage renal disease aged 50-65 years. The parameters of hemodialysis efficiency were also examined. Fifteen
dialyzers were allocated into the following two groups as 1) three of new dialyzers (the reuse number is zero) and
2) reuse of dialyzers undergo the number of reuses increases as 1, 5, 10, and 15 times (three dialyzers for each
sub-group), respectively.

Results: This study showed no significant difference of the efficiency as urea reduction rate (URR), dialysis
adequacy (Kt/V), and normalized protein catabolic rate (nPCR) between two groups of the patients using reused
dialyzers. The result suggested that the PES membrane’s performance could be reused about 15 times. Visualization
of the microstructure within the membranes was further investigated using a scanning electron microscope (SEM).
The inner and outer surface areas of membranes upon the number of times for dialyzers reusable up to 10 and
15 times were corroded by peracetic acid as demonstrated by the membrane leakage and smaller membrane
pore sizes, respectively. Additional evidence for the accumulation of peracetic acid leading to a destruction of
the membrane structure was confirmed by energy dispersive X-ray spectroscopy (EDS). The EDS demonstrated
high sulfur atoms in the inner surface area related with increased numbers of reused dialyzers. The interaction
between the dialyzer membrane and peracetic acid activated many negatively charged ions absorption resulting
in the membrane fouling.

Conclusion: The number of PES dialyzer reuses can be performed for 10 times since the structure of dialysis

membrane do not change in their element compositions and structures with a peracetic acid sterilant.

Keywords: peracetic acid, dialyzer reuse, corrosion
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Urea ., = blood urea nitrogen (BUN)
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Urea, . ,p blood urea nitrogen (BUN)
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Adequacy parameters 0 1 5 10 15
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URR, urea reduction rate; Kt/V, dialysis adequacy; nPCR, normalized protein catabolic rate

Data are presented as mean + SD
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fnseadenildennsd 5 0.774 + 0.177

Fnseadendilisnased 10 0.656 + 0.135*
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Case

Hyperkalemia with mild azotemia in
a post-thyroidectomized patient:
A case report and literature review
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Hyperkalemia with mild azotemia in
a post-thyroidectomized patient:
A case report and literature review
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'Department of Physiology, “Division of Nephrology, Department of Medicine,
Faculty of Medicine Chulalongkorn University, Bangkok 10330, Thailand

Abstract

Background: Apart from hyponatremia, azotemia has been found to be associated with hypothyroidism by
inconclusive mechanism, possibly falsely elevated creatinine, decreased tubular secretion of creatinine, reversible
pre-renal kidney injury from decreased cardiac output, renal vasoconstriction, increased systemic vascular
resistance, or irreversible tubulo-interstitial injury which can lead to chronic kidney disease. Hyperkalemia is also an
infrequent manifestation in some hypothyroid patients with unproven mechanism since previous case reports
have not explored urinary electrolyte analysis.

Case report: We report a patient with mild azotemia and hyperkalemia in profound hypothyroid state while
taking low-iodine diet. Urinary electrolyte analysis reveals no impairment in potassium excretion. Moreover, the
abnormalities were normalized after thyroid hormone supplementation. Hence, we propose a possible mechanism
of decreased intracellular potassium shift as a cause of hyperkalemia in hypothyroid patient, which may be
aggravated by high potassium content in low-iodine diet. We also review other renal manifestations in
hypothyroidism including proteinuria, hyperuricemia, and renal acidification defect.

Conclusions: Our case report emphasizes the importance of monitoring renal function and serum electrolytes
in profound or high-risk hypothyroid patients, and awareness of thyroid dysfunction in patients with unexplained

hyperkalemia or azotemia.

Keywords: hyperkalemia, azotemia, hypothyroidism, low-iodine diet

Introduction

Thyroid hormone has long been demonstrated as an
important factor for maintenance of body metabolism
and development of many organs including kidneys by
numerous animal models and clinical human studies’.
Moreover, in postnatal period, the hormone also affects
cardiovascular, metabolic, and renal functions by mean
of various mechanisms’. Effect of TH on renal function
has been primarily thought to be from hemodynamic
effect, both directly from disturbance in cardiac output

and indirectly from altered intra-renal hemodynamics as

a result from aberrant renal vasodilator synthesis and
activity, aberrant renin-angiotensin-aldosterone system,
and altered renal autoregulation via tubuloglomerular
feedback®. In other words, all these effects on renal
function are ‘pre-renal’ in nature, as evidenced by many
clinical studies demonstrating changes in RPF and GFR
in patients with thyroid dysfunction'. However, growing
body of evidence has raised the possibility that
thyroid dysfunction might also affect renal structures,
both glomeruli and renal tubules*’. These might, in

contrast to the pre-renal manner, lead to irreversible
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kidney damage or even CKD in some patients with thyroid
dysfunction and partly explain the higher prevalence of
thyroid disorders in patients with ESRD*’. Moreover, TH
is well known for affecting renal water and sodium
homeostasis, rendering routine thyroid function testing
in patients with unexplained hyponatremia®?.
Hypothyroidism is classified as OH or clinical primary
hypothyroidism, which has TSH concentration above
the reference range and free thyroxine concentration
below the reference range, or SCH which has elevated TSH
concentration and normal free thyroxine concentration,
or central hypothyroidism in a much lower prevalent. The
prevalence of OH varies by studied populations,
between 0.2% - 10%, with much higher in women
and elderly’. Etiologies of primary hypothyroidism in
jodine-sufficient area include post-surgical thyroidectomy
or post-ablation with radioactive iodine, some medications
such as lithium and amiodarone, immune-mediated

process with circulating antithyroid antibodies with

or without other autoimmunities which increases in
prevalence in elderly’.

There is no controversy in treating patients with
overt hypothyroidism with TH supplementation, such as
levothyroxine. However, TH supplementation in patients
with mild subclinical hypothyroidism remains controversial
since some studies demonstrate benign prognosis in SCH
albeit growing evidence has suggested cardiovascular
benefit in treating patients with SCH’. In the context
of renal function, hypothyroidism associates with
multiple manifestations as shown in table 1, and TH
supplementation can reverse many of these abnormalities.
Not only restricted to OH, SCH has been shown by many
studies to associate significantly with decreased GFR

81912 There is

in equal or lesser extent to that of OH
even an observational study demonstrating that TH
supplementation can attenuate progression of CKD in
patients with SCH although more randomized studies

are needed before the implementation of this practice'.

Table 1 Renal manifestations in adult patients with hypothyroidism

Manifestations Proposed mechanism

Supporting evidences

Reversibility after

thyroid hormone Remarks

Elevated
serum creatinine

False elevation due to
increased muscle creatinine

concentration | production

Normal iothalamate and
creatinine clearance

supplementation

Elevated
CPK, LDH, and
aldolase

Fully reversible

with normal
GFR (pseudo-
azotemia)

Decreased tubular
creatinine secretion

Animal mode

L15

N/A

AKI (truly

decreased GFR)
with or without
rhabdomyolysis

4,16,17

Pre-renal process .

e Systemic hemodynamics:
decreased cardiac output
(inotropic, chronotropic,
systolic, and diastolic
dysfunction), increased
systemic vascular
resistance

e Altered intra-renal
hemodynamics

 Decreased renal sodium
and water reabsorption
by proximal tubule

Decreased directly
measured RPF and GFR!
 Decreased renal vasodilator
synthesis and activity’
 Reduced RAAS activation'”
* Impaired renal
autoregulation: increased
tubuloglomerular
feedback from increased
distal chloride delivery”
e Paracrine and endocrine,
such as VEGF, signaling™

Mostly recovered
in 4 weeks to 10
months, lower
recovery rate in
elderly, diabetic
or hypertensive
patients’

e Can occur
within 2 weeks
of decreased
TH

e Serum
creatinine level
is mostly within
1.5-2.5 mg/dL
but can be as
high as 6 mg/dL
or dialysis
needed’.
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Reversibility after

Manifestations Proposed mechanism Supporting evidences thyroid hormone Remarks

supplementation

Intra-renal structural e Decreased BUN to serum | Might not Might

change creatinine ratio but no completely progress to CKD
report of urinary indices  |recovered
and injury biomarkers'®

* Kidney biopsy specimens
showing interstitial fibrosis
and tubular atrophy’

CKD? Prolonged or undetected | Negative correlation of TSH |No, but rate of Decreased GFR
AKI from untreated level and GFR in dose- GFR decline might |also affects
hypothyroidism dependent manner, even be attenuated” | thyroid function

with TH supplementation®" per se

Proteinuria Immune- or immune e Kidney biopsy specimens |Various, from Various degree,
complex-mediated process showing MCD, MN, MPGN, | completely from
since most cases have IgAN, FSGS " reversed, partially |subnephrotic
autoimmune thyroiditis e Positive IHC staining for reversed, to proteinuria to
(non-immune mediated anti-thyroglobulin and persistent or nephrotic
mechanism is uncertain) thyroid peroxidase in GBM™?' | steroid needed® | syndrome

Hyponatremia | Vasopressin action (may be |Increased non-osmotic Reversible May also be
stimulated by decreased vasopressin release and aggravated by
cardiac output) vasopressin sensitivity of decreased GFR,

collecting duct® hence decreased
Decreased renal sodium » Reduced RAAS activity water clearance

and water reabsorption * Impaired multiple tubular
sodium cotransporters'

Hyperuricemia | Decreased renal clearance |Decreased urinary uric level” | Reversible

with or without Increased production from

)
arthritis myopathy™*
Impaired Decreased expression of Impaired response after acid | N/A
urinary tubular H™-ATPase, sodium-H", | loading test
acidification”  |and sodium-bicarbonate | (a small study)”
exchanger'
CV risk Hypothyroidism associates with additional CV morbidity and mortality in CKD patients’. This may

results from increased arterial stiffness, decreased nitric oxide production, endothelial dysfunction,
atherosclerosis from dyslipidemia, or cardiac myocyte dysfunction'.

AKl, acute kidney injury; BUN, blood urea nitrogen; CKD, chronic kidney disease; CPK, creatinine phosphokinase;
CV, cardiovascular; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; GFR,
glomerular filtration rate; IgAN, immunoglobulin A nephropathy; IHC, immunohistochemistry; LDH, lactate
dehydrogenase; MCD, minimal change disease; MN, membranous nephropathy; MPGN, membranoproliferative
glomerulonephritis; N/A, not applicable; RAAS, renin-angiotensin-aldosterone system; RPF, renal plasma flow;

VEGF, vascular endothelial growth factor
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Apart from these manifestations, potassium disorder
in the absence of significant GFR decline is not well
established in hypothyroidism. There is only one case
series demonstrating severe hyperkalemia in some
post-thyroidectomized patients who took low-iodine
diet. However, the mechanism of hyperkalemia was
difficult to identify in the study due to its lack of urinary
potassium profile’. Herein, we report a case of
post-thyroidectomized patient taking low-iodine diet
in preparation for thyroid scintigraphy who developed
hyperkalemia with mild azotemia along with urinary
electrolytes analysis to propose the possible mechanism

in addition to knowledge from previous studies.

Case report

A 55-year-old post-thyroidectomized woman
presented in September 2020 with asymptomatic
hyperkalemia and mild azotemia from routine blood test
after 4 weeks of TH discontinuation along with low-iodine
diet in preparation for thyroid scintigraphy to evaluate
residual thyroid function after total thyroidectomy due

to papillary thyroid carcinoma. She was diagnosed with

thyroid carcinoma with cervical lymph node involvement
1 year before this presentation from accidental finding
of solitary thyroid nodule on head and neck magnetic
resonance imaging prescribed after mild head trauma.
There was no evidence of distant metastasis. One month
after the diagnosis, she received total thyroidectomy and
modified radical neck dissection followed by lodine-131
ablation. Since then, she developed hypothyroidism and
had taken levothyroxine supplement and had been in
euthyroid state. Her another underlying disease is
dyslipidemia, and she takes a stable dose of statins.
There were no other insults that could explain azotemia
or hyperkalemia such as leukocytosis, thrombocytosis,
metabolic acidosis, new medications, or herbal use. Her
serum albumin, creatine phosphokinase, parathyroid
hormone, serum calcium and phosphate were within
normal limit. Later thyroid scintigraphy revealed no thyroid
tissue remnant. We also measured urinary electrolytes
level and urinary indices in her hyperkalemic and azotemic
period which are shown in figurel. All abnormalities
were reversible after resumption of levothyroxine

supplementation following the thyroid scintigraphy.
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Figure 1 Timeline of patient investigations and interventions; Hypothyroid period was confirmed by marked elevated
TSH level and decreased FT4 level followed shortly by decreased FT3 level. The blue-shaded area represents normal
range of TSH, FT4, and FT3. Levothyroxine supplementation periods are depicted in purple bars. Urinary electrolyte
levels and indices at presentation are shown in the box. Abbreviations: SCr, serum creatinine concentration; FEK,
fractional excretion of potassium; FENa, fractional excretion of sodium; FEwea, fractional excretion of urea; FEWC, fractional
excretion of uric acid; FT3, free T3 level; FT4, free T4 level; I-131, iodine-131; K', serum potassium concentration,

TSH, thyroid stimulating hormone level; UKCR, urinary potassium in mEq to urinary creatinine in gram ratio; Urine,,

urinary potassium concentration; UrineN ,
a

Discussion

Our case report is the first to report hyperkalemia
and azotemia in a hypothyroid patient along with urinary
indices and urinary electrolytes measurement.

Increased serum potassium level

Our patient developed transient mild hyperkalemia
that cannot be solely explained by the decreased GFR.
Moreover, the urinary potassium level and UKCR are not
in the lower range. This reflects preserved renal potassium
excretion. So, there must be other mechanisms leading
to hyperkalemia in thyroidectomized patients.

Considering previous report in Japan®, about 5%
of thyroidectomized patients taking low-iodine diet
develop reversible hyperkalemia, and some of them have
electrocardiographic change. Although all of them also
have elevated serum creatinine concentration to more
than 0.3 mg/dL, their estimated GFR are not low enough
to cause decreased potassium filtration. All patients with

severe hyperkalemia were more than 60 years of age

urinary sodium concentration

and received angiotensin receptor antagonists which are
absent in our patient and these factors might make the
patients more susceptible to hyperkalemia.

The most plausible mechanism, especially when
consider our urinary potassium profile, is decreased
transcellular potassium shift. There were studies
demonstrating hyperkalemia and decreased skeletal
muscle Na'-K" ATPase concentration in thyroidectomized
animal without evidence of rhabdomyolysis® and in
hypothyroid human without preexisting renal disease
which was reversible within 4-10 weeks of thyroid
hormone supplementation®. Whether this is from an
intrinsic effect of thyroid hormone itself or from an
accompanying increased alpha-adrenergic action,
opposing to mechanism of transient hypokalemia in

thyrotoxicosis””

, Necessitates further study.
Whether aberrance in skeletal muscle Na*™-K" ATPase
concentration is the only mechanism of hyperkalemia

in hypothyroid patient or there are other precipitating
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factors such as exercise” or increased dietary potassium
is uncertain. There is no data on exact potassium
amount in low-iodine diet but, since the diet is fruit- and
vegetable-enriched, it might provide large amount of
dietary potassium. This might explain the absence of
hyperkalemia on her first hypothyroid period soon after
the thyroidectomy.

Although many studies have shown that thyroid
hormone is correlate with RAAS activity'. Hypoaldosteronism
cannot be the cause of hyperkalemia in our patient,
whose urinary potassium profile was not low and blood
pressure as well as serum bicarbonate level did not
change significantly. In addition, a previous study has
demonstrated normal plasma aldosterone concentration
and plasma renin activity in hyperkalemic hypothyroid
animals”.

Increased serum creatinine concentration

Whether mild azotemia with rapid recovery after TH
supplementation in our patient resulted from falsely
elevated serum creatinine or tubular injury remains un-
proven since we did not measure direct GFR directly by
clearance technique nor tubular injury biomarkers, and
both mechanisms were possible in the light of previous

studies™*"?

. However, the low urea to creatinine ratio, like
the finding from previous report’®, along with relatively
high fractional excretion of sodium, urea, and uric, indi-
cate that the azotemia might not be solely explained by

pre-renal process from decreased renal perfusion.

Conclusion

Our case report, in association with current evidence,
supports the important of regular renal function and
serum electrolytes monitoring in hypothyroid patients,
especially in elderly, diabetic or hypertensive patients,
who are at high risk of persistent renal damage and CKD,
since the symptoms of hypothyroidism might be confused
with or masked by uremia (anemia, fatigue), nephrotic
syndrome (edema, macroglossia, hyperlipidemia),
medication adverse effects, or normal aging. Moreover,
we are the first to raise the possibility of TH effect on
intracellular potassium shift. So, hypothyroidism should

also be in the differential diagnoses in patients

with unexplained kidney damage, CKD progression,
hyponatremia, or hyperkalemia with normal urinary
potassium profile. Since hypothyroidism is a treatable
disease, TH supplementation may prevent the renal
involvement, or even prevent ESRD in hypothyroid
patients.

Abbreviations: CKD, chronic kidney disease; ESRD, end
stage renal disease; GFR, glomerular filtration rate; Na™-K"
ATPase, sodium-potassium ATPase protein; OH, overt
hypothyroidism; RAAS, renin-angiotensin-aldosterone
system; RPF, renal plasma flow; SCH, subclinical hypo-
thyroidism; TH, thyroid hormone; TSH, thyroid-stimulating
hormone; UKCR, urinary potassium (mEq) to urinary
creatinine (gram)
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Cryoglobulinemic membranoproliferative
glomerulonephritis type | in a patient with
lymphoma: A case report and literature review
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Abstract

Acute kidney injury (AKI) is a common complication in malignant lymphoma. The causes of AKI are variable
including hypovolemia, obstructive uropathy, and renal infiltration by lymphoma. Lymphoma associated
glomerulopathy is less common, but important clinical features. Renal biopsy in AKI of unknown etiology in lymphoma
patient is crucial for definite diagnosis and prompt management. Herein, we report a 52-years-old woman who
had been diagnosed diffuse large B cell lymphoma, presented with AKI. She had no evidence of recurrent lymphoma
from CT chest and whole abdomen. The renal biopsy was done because she had microscopic hematuria
and proteinuria. The pathology showed cryoglobulinemic membranoproliferative glomerulonephritis type |
which resulted from deposition of abnormal monoclonal immunoglobulin produced by malignant B cell. This finding

is rare in malignant lymphoma, and here we also reviewed literature regarding this condition.

Keywords: lymphoma, acute kidney injury, cryoglobulinemia type |
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edema 2+ at both legs, marked pallor, no jaundice, no
macroglossia, no superficial lymphadenopathy, small
amount of ascites, negative bimanual palpation, syuUduy
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BUN 16.2 un./aa., Cr 3.11 un./na.
(Cr1.25 un./na. Wie 1 wounaw)

Calcium 9.22, phosphorus 4.6, uric acid 11 un./Ag.
Blood sugar 90 un./ag.

Sodium 131, potassium 4.5, chloride 105, bicarbonate 12 fadlua/ans

TB 0.25 un./9a., AST 41, ALT 49, ALP 82 U/L, albumin 2.6, globulin 2.9 n3u/Aa.

LDH 201 U/L

CBC: Hemoglobin 7.1 n3u/ea., hematocrit Sowaz 19.9

WBC 3,200 lelaé/a‘u.mm,, neutrophil Sovay 73, lymphocyte Sovay 20, Platelet 75,000/aU.44.

WNan1snsIUaae

Urinalysis: Sp.gr. 1.013, Albumin 3+, WBC 3-5 w@iagd/HPF, RBC 5-10 wwag/HPF, No cast
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WBC, white blood cell; HPF, high power field; RBC, red blood cell; LPF, low power field; BUN, blood urea nitrogen;
TB, total bilirubin; ALP, alkaline phosphatase; CBC, complete blood count; LDH, lactate dehydrogenase
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both kidneys, mild increase echogenicity, no mass,
no hydronephrosis
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- Serum protein electrophoresis: monoclonal spike
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- Immunofixation: IgM kappa monoclonal gammopathy

- Serum free light chain: kappa 306.74 10./a»3, lambda
light chain 88.75 1n./@#9, Kappa: Lamda ratio 3.46

- Bone marrow biopsy: normocellular marrow, no
definite abnormal lymphoid cell or any aggregate

of lymphoid cell detected
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necrosis; ATN) 21081 wioausuludens nen1senwey
veuilaide interstitium souviela (acute interstitial nephritis)
florainainnisuieiaunuiagtuniosayulng udo
pifufuRsUnRsuAnMNTsnuSwosiwdes (s agu
anvpvosnnglanedsundulufiasus oo
wanslupnsnsdi 2

Iuﬁjﬂaamzﬁqwfauﬁﬂmﬁm TondueTereiinunisuns
nszangveslsnldvoniian TnsusSedoutuvdesniia
Non-Hodgkin (NHL) azuwsnszareuniilaldvesninuia

v
=1

Hodgkin (HL)* gnslsAnnulunisaddinAdeanuniagil

aldune mﬂmiﬁﬂwﬂuﬁﬂwmzL%%ﬂ'amﬁﬂmﬁaa 696 519
ﬁlﬁ%’umi%’ugjmwwudw@'ﬂw%’aaaz 34 anwuzved
nsqnanuvesySuniidelalpefifissfosas 14 fld5y
mi’iﬁﬁ]ﬁamwﬁdaulﬁa%ﬁﬁImmﬁﬂamﬁaﬁaﬂaz 0.5 Wit
fiamglanedoundudie msiadunnzilunieainds
vhldenn iesmnusedsiaglifiomavionamaviesufon
Msiived anvasmenadnfienawuldlunmeil dud ennnstan
Turen Haanzifudon wiuvios Anuiulalings nsalaanie
wuinidenun Wadenunsdelusiudluysmaliuin
winsnsradaanzinunfduanansanulaluang AN wie
msfndemauilaanyldiduiu msnsanuualailaty
MiEpInMInTIRTImEntenIATIaNIes @inen vl
asdanneiinniu eghslsfinuainnisiinuves Corlu L uay
Az wurwalalatuannmsnsaniesidifiedosas 5.9°
mimsmm%mﬁalmLi‘]u%%'mmgmlumﬁﬁaﬁamasﬁ
nalnvesnmglamedeundunnudeieumiimissanan
inannisnadenvesvialndosuazvasnidendeslule
Mnnswadidauiuly interstitium suviiliAn ATNT fihe
fiyenuiiivinguvesnisynsnvessadaulrleviouiaidn
vy clone Werfulasny immunofluorescense o1
kappa 11nN71 lambda ae1etARY Fsnsunsvessaduzisa
darludoled oradunilsuamgueminiannzlae
RUUNAY

Tsaiiinne sanmuedlnawegia anunsonuluguae
uzLgam'amﬁ’]mﬁaﬂﬁwmﬂwmEJEULLUU murilawaduosuzise
Fo1nsuanIsuanA U N 3an maedla fauans
Tuansnaft 3 way 4 TaemenSanmitddey Toun

1. Aanuiinunfivedwas podocyte (podocytopathy)
loun 15A minimal change disease (MCD) #38 focal
segmental glomerulosclerosis (FSGS) fivhliinlsaln
wnlWs@a

2. mié’mawaﬂﬂamaq%’mwu proliferative glomeru-
lonephritis §wAnaNANURAUNAVRITAUAUFURUS Y
TsauziSerioutmans Tdun MPGN, crescentic glomeru-
lonephritis, IgA nephropathy, immunotactoid uwag
fibrillary glomerulonephritis udu

3. Msavauves immunoglobulin Aaundlulnalegsa
(deposition disease) Taun amyloidosis, monoclonal
immunoglobulin deposition disease, e cryoglobulinemia
D wilsanguiidenfegnuldveslufiae multiple
myeloma tfu wuldtiassnnlugiheusiweuuvies

TunquuziSasouiindessia Hodgkin tumeSanin
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finudesie minimal change disease Fanuladedosas 40
GuaﬂiﬂmaﬂﬂaLuaq%’aﬁwuﬁy’muw ehuiumjumﬁwiamf’]
waeswlin Non-Hodgkin Humuidu MPGN wniign Tae
WUNINNI1TeLaE 30-55 ‘ZJENIﬁﬂ‘UENIﬂaLM@Q%JaﬁWU‘ﬁJ%um
AIUUINIWAITNU crescentic glomerulonephritis®?

Monoclonal gamgl;nopathy
TugUnsuziseioutimaas

Tsla7iAnaan monoclonal gammopathy wuldliives
TungiSwiondundes aneiliinnnnquisadwatauvie
drutiosvesadaulnlyivfndnidune5ead1a monoclonal
immunoglobulin %38 light chain Fusdusiuausnn ¥ils
Aanshauvesdlaieund InenalnddgyivinliAansunse
vatln [un mInnaznoulasazauvasEnsvenimalasEdng
voiln Ausnalnawesda mesangium vereslauaziiey
Tnwseu saudwaendenvuindnaeluls wenainiuin
971 monoclonal protein UNTlA WU cryoglobulin 913
dnwazvein1silu autoantibody vhujiseniulnaiesia
daaliiAnnsdniaunuan dnvarnanainvesnnisi
wulgduriusfunseindonunsilutlaanyliuinuay
nsiauvesladaund aufslsalaunlnsfafigunsaie
7172 RPGN' waafiasns immunoglobulin wénfewwad
wandn Fetusznuanrildveslulsa multiple myeloma
dnlunzdsemihmdoensonulilunzdaoaradaali-
Tgviwdadduwaddummengadnanaun Tnedniduwad
ﬁﬁuﬁﬂ’lsmﬁ&muﬂmgﬂiwiﬂLﬁul,snaéwmamﬁ’lmé’a
(plasmacytic differentiation)

nslé3ue methotrexate Luiladuidssvesngulsn
lymphoproliferative disorders (LPDs)"? a1nnalnnisna
HRGHGE! L%'aﬂiiﬂﬂq'uﬁli'ﬂ methotrexate-associated
lymphoproliferative disorders (MTX-LPD)" ¥y
naulsa MTX-LPD delifiinausinsifiadedniau Tnevily
avitladuludie lymphoproliferative disorder fifiuse TR
dedniavunesnLarlasun1sinwiieen methotrexate
szuznaadereInslasusdimideselsalseinm 4.3 T
TnenenSaninieeas 50 wuldly diffuse large B cell lymphoma
(DLBCL) fUasseiifiennisdominudeslaniusianie
AsaTarantanensinemulsauzidersudnindewile

diffuse large B cell with extensive plasmacytic differentiation

iU TAn35uUsEmuen methotrexate Wusseziian 6 U
Lﬁa%’ﬂwﬂiﬂéﬁaé’maugmmaﬁ Judnlanun1sitadelse
methotrexate-induced diffuse large B cell lymphoma
anwauzdAnyvedlsalungy MTX-LPD Aelsaasuasdavgnen
N1IROVAUDIZUANFANAILNEITEN W lasTuuisn1s@ined
We1TAaNINYlA DLBCL eUTNIINIADUAUDIAINEAEN
Uszanasosas 44” Inemnlsmliasunamenen methotrexate
mi%'ﬂmﬁamﬂﬁmmﬁﬂ’lﬁmﬁqLﬁuﬁﬂaaiwﬂf

a a o PR 2
M58 2 anvguentzlanedeundulugUisusiSsien
Yunand’®

Ms19ES
98U aewan (@ AliviUn)
nsiduiden
Insensible loss (1;51’) .
nsanasvaadenluidedile
amzvasadennssniglulafiu (hy-
percalcemia)
N3FALe
lsAsiu
g1 (ACEI/ARB 8@ un1ssniaudilaly
agsesn endulaanieg)

Prerenal

AMrwaavialame
amglavnien
Lysozymuria

Intrarenal

Tumor lysyis syndrome
81 (812130 gLpdivntn)
Tubulointerstitial disordery .
nsanasYeSriesnivaedlule
ugiSresnimdosilaviiaugund
nsonauveliodosounialn
ANuRnUNAvatlnalesaa
Renovascular disorder (renal vein throm-
bosis, thrombotic microangiopathy)

Postrenal | nMsgadumaiulaenis )
nsnatdenainnigusnla (s

L@B4 tumor obstruction)
Retroperitoneal ﬁbrpsis
nsgadunglule @maiuldaane

crystalluria)
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TR T A cE R
Hodgkin’s MCD
lymphoma FSGS

Amyloidosis (AA)
Crescentic GN

Non-Hodgkin’s | MCD

lymphoma FSGS
MN
MPGN

Mesangioproliferative GN
Crescentic GN
Amyloidosis (AL)

IgA nephropathy
Immunotactoid GN
Fibrillary GN
Cryoglobulinemia type 1, Il

MCD, minimal change disease; FSGS, focal segmental
glomerulosclerosis; MN, membranous nephropathy;

MPGN, membranoproliferative glomerulonephritis

N1 cryoglobulinerpia
TugUrelsauidsauunmaos

AMg cryoglobulinemia #san13m52anull cryoglobulin
Tuiden Tne cryoglobulin #1889 immunoglobulin i
annznoufiguugiliudesnd 37 samwalea uas
mmﬁaasmaléfﬁqmmﬁmm’h 37 psrwaiea’ lnun1g
cryoglobulinemia awisauvasfu 3 wila Toun (15199 5)

1. Cryoglobulinemia type | fi® A1 monoclonal
immunoglobulin iewdafes Ravnlsauzideiifiany
ApunAveswaanarauivsowad aulwlevivied laun
multiple myeloma, Waldenstrém macroglobulinemia
(WM), chronic lymphocytic leukemia (CLL) uagaziss
seuiumass 1ne cryoglobulin sy IsM %o 19G usioa
nwuilu IgA uag light chain

2. Mixedcryoglobulinemiatypell @i A1 monoclonal
leM Fianunsaluduiu polyclonal 1eG iadu immune
complex Tl anvmsiniAnannsinidesess wu lia
audnaulnied lvaevled wazlsm autoimmune LWy

Sjogren syndrome

3. Mixed cryoglobulinemia type Il ﬁﬁm’n%ﬁﬁﬁ’j&
polyclonal IsG Way IgM Fuhnulunmsindelhasusnaud
157 autoimmune WU SLE uag Sjogren syndrome

nabnnisianisndunsieseladorriunanisduiu
284 immunoglobulin AuwauRLaULT1vNY 33111?1”'qmm
unnsaslunsidn immune complex fiRaunfiwvent il
TumemueTeazang 4 nsameilailnAanisuiadu
waveuAsUnavestaiu Tnenalnilesuneladmauly mixed
cryoglobulin type |I Finannisandelh3asusniaud
drunalnlulsadu q Sifosnsnisfnyiiiudy

9INTHALDINTHAAIUBY cryoglobulin vasculitis lawA
DOULLTY, palpable nonpruritic purpura YIAU8LUUANNAT
RGRFLA maamﬁaﬂlmgmﬁaqmﬁu wazNIINLAvYDILA
ogslsAmueINIsuuY systemic Shwulugthedu mixed
cryoglobulin type Il uag Il AafdulugiUae cryoglobulin
type | fifnliluante1nis systemic usnupuRaUnfvests
Iiszinmusosas 20-60 vesitae Tnglitansennisdu
Swarnerainlunsdiimssnavresiadunnldvainnans
Fausnsiifiadonuns uarlusiudluliaansdniosUauis
amziunlnsia vide nephritic figuuss

NMTINdER 090 1ABN1TMTIANU cryoglobulin Tulden
%/ complement C4 luidonsinazsn Tnedi C3 Unfivie
suantios MswiznItuielndosay 80 sxnududnuae
MPGN Tnednuaiziivhliangenzil Wud nmswu macrophage
FruruansInfununIsanazneuveasiinnd Periodic
acid-Schiff (PAS) Farnudadiudnunizsinzvas cryoglobulin
Tunaealden lnen158o8 immunofluorescense AENU
NM5ARALUU monoclonal immunoglobulin 1 @n kappa
w3eo lambda wueg1slneg1anis wasiionsiadae
ndosqansIABiannseuRTNUNTAzaNYes fibril ATidnny
microtubules, fibrillary %39 finger prints substructure'

Cryoglobulinemia type | 1uwiiafinutiosfouszana
¥avay 10-15 vowiave ilesanginsallsaiiAnlainn
FeinsAnuudeatunneiides awngdulngveangd
1ina1nlsA multiple myeloma wiouziSevesiwad
aullevivdnd Felusrearudulng sznuluniSevia
lymphoplasmacytic lymphoma (LPL) %39 WM uag CLL
Tnenudnuugmanensinefiladuwuu MPGN™™ n1swy
mwﬁiumm%mauﬁ’]L‘Viﬁawﬁﬂ diffuse large B cell
fushnduriafinuldvosiianluusdeeuthiniosimuni
wuladeeguin S?fﬂfﬂaJ‘Uﬂamﬁwﬁmﬁwqﬂa’mmmm
WisSosay 2 vasftaeioun'
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nsanelulszmedulag Zhane L wazame dedne
;jﬂ?&l cryoglobulinemia type | 45 518 nuillsaugiSeviln
diffuse large B cell 2 578, WM 9 518 CLL 6 519, follicular
lymphoma 1 518 Tagwunsgnasweziianilniosas
15% é’ﬂu%’uﬁﬂaaﬁ&Jﬁm’mwuwé’ﬂgmmm cryoglobulinemia
Fauannisnuansiinnd PAS duiiudnmee q fananadia
M $2ufun13ms9anu monoclonal gammopathy ki
wiln 1gM finuldveslunne cryoglobulinemia Fainazadng
mmnLsuaémL%ﬂﬂuaaﬁjﬂaaﬁﬁé’ﬂwm:ﬂuaa lymphoplasmacytic
differentiation dannzinuldlives Wuiindunadn
nsilsanduidudiluguaesedduainanuiaunaile
\Wisograienlaglifiennisnie systemic suas fatu
mimiamﬁmLamiﬂamimzﬁﬁmﬁalmLﬁammma%qzﬁmm
ddrgetranniionitadouazinwneuilsrazananssly

] 2 - a
A15199 4 9INSHERISlavadlsANES IR LU UARINUNA

ngganmyatlnawesaa” oY

21N13LbEANY

ngsannvaslnameas |
MPGN

Aglany, Proteinuria
Microscopic hematuria
Nephritis syndrome
RPGN

Cryoglobulinemia amelanng, Proteinuria

type I, Il Microscopic hematuria
Pure nephrotic syndrome
Nephritis syndrome
RPGN

Crescentic amglane

glomerulonephritis RPGN

maglmw, Proteinuria
Microscopic hematuria

IgA Nephropathy

MIDD maﬂmw, Proteinuria

Aglang, Proteinuria
Nephrotic syndrome

Amyloidosis (AA)

Immunotactoid/Fibrillary aelane, Proteinuria
glomerulonephritis

MCD, FSGS Nephrotic syndrome

MN Nephrotic syndrome

MCD, minimal change disease; FSGS, focal seegmental
glomerulosclerosis; MN, membranous nephropathy
MPGN, membranoproliferative glomerulonephritis; MIDD,
monoclonal immunoglobulin deposition disease; RPGN,

rapid progressive glomerulonephritis

14,15

o | e :
13799 5 NITLUITUAVBY cryoglobulin

Cryoglobulin | Immunoglobulin Associated
type class disease

(. Monoclonal lgM>1gG>IgA MM, CLL, WM

immunosglobulins

II. Mixed IgM/18G>>1gG/IgG | Infection

cryoglobulins (hepatis C),

with monoclonal Sjogren syndrome

immunoglobulins CLL, lymphoma

Ill. Mixed leM/1gG Infection

polyclonal (hepatitis

immunoglobulins B/C), SLE, RA,
vasculitis,
neoplasia

CLL, chronic lymphocytic leukemia; MM, multiple
myeloma; RA, rheumatoid arthritis; SLE, systemic lupus

erythematosus; WM, Waldenstrém macroglobulinemia

ns¥nen cryoglobulinemia lunziSautinndas

WIS cryoglobulinemia lu lymphoproliferative
disorder tgufulsafiduanng® fiheneildzunsitady
15a diffuse large B cell lymphoma 27181 methotrexate
Feldugns methotrexate 1urian 3 Wou uaz@nmu
amsnuTszauasLeRtullATy Sedldmsshudiseed
$10n dwsunssnwdu « leud

1. msvplasma exchangeeﬁwzﬂwﬁﬁmw hyperviscosity
syndrome %39 life-threatening disease 11 RPGN,
pulmonary hemorrhage LLﬁsmﬁ@ﬂamL‘ﬁ?izvvﬂizm‘ﬂ
dunans 1udu

2. mssnwmeenani laud rituximab cyclophospha-
mide uazenguaResess Insfiasanluitheifionisguuss
11U progressive neuropathy LLmanjnmﬁmﬁaﬁquLLsa hay
Az nephritis figuuss 1wy

nswensallsa
nsnensailseesilreusSwasiuviesiiinisanay
Aladuunnanslunurdnve s Gouinmdes Tnenuin
uziSevila high grade aziinsiusivesnisyhauvedle
wnnd1via low grade® lugUqe LPL/WM wudmin
mshnurestnanamdinissnw sasn1ssentinazsiniy
Tuguasfinsvhauvedlaasiivieddunddldsunisine
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vpezdeioutindes dmdunisiinanglaineaiunse
Tnstdamaunuladstnenissentinluszazen Q’ﬂ’miwﬁ
navausssan1sinuldAnensdesanlsaunasduiusiv
#1 methotrexate Faiilovignnioanuuinelsnazaansnasy
wsld whinlnorarliunduayheuund

nanlpgasufinusinauesitaslsnuziwiouiumios
wiln diffuse large B cell fiungennylanedsundusay
fumsdniavvesinamegia Tnofilifivangiunsnduidu
FrvoslsauyiGetentinmidns n1snsIatienny monoclonal
gammopathy LLazmimﬁﬁ]‘T}IuLﬁalmwu cryoglobulin plug
Ty glomeruli ¥ilanansa3fedelsaildatnaiuineg dnwas
Mang3Inen cryoglobulinemic MPGN tuwulddessn
TunziSevila diffuse large B cell wazdamusaudunisunin
voaziSadluluieln nshwuasnisnennsallsatuiu
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UINIEAERSURTIN INAUAINTAIIMTINeEs Un.a. 2533
(3u 20) uagiinousuaudsmaduengsunndlsalnfiguiainsal
uingrdeonn udsnduusspduenansd 2 U uas
Tud w.e1. 2541 Fumslununste postdoctoral fellowship i
Division of Immunology, Beth Israel Medical Center, Havard
Medical School (LfJumﬁau@:%m Massachusetts Institute
of Technology: MIT fiiulundmnssu) Wunan 3 T uas
ndunduenasdavivlsaln aazwnnemans uiasnsal
winerds Tnglugreiidnuseisnaseme Tdsulumiae
U89 Dr.Terry Strom Fauthu basic research uag translational
researchluqv-’m?u wiuanimalmodel luSaswes transplantation
tolerance LﬂuQﬂﬁﬁlmiﬁ'ﬂ interleukin 81AUAYN 9 wag
nannstiudsensmaniiu Tnefenansditiu translational
research 11 11351529 MRNA lullaanizaie real-time PCR

W dnuSunuans 1n3lasde acute cellular rejection uanani

MmeAfinsAuny granzyme B uay perforin Fsla@fan
adlu New England Journal of Medicine #1¢

Interview.
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