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# # 5474102330 : MAJOR MEDICINE

KEYWORDS : ACETATE-FREE DIALYSATE / ONLINE-HEMODIAFILTRATION / CARDIAC OUTPUT / CARDIAC INDEX/

CITRATE DIALYSATE
KAMONWAN TANGVORAPHONKCHAI : THE COMPARISON OF CARDIAC INDEX AND CARDAIC OUTPUT
EFFECT DURING MAINTENANCE HEMODIALYSIS BETWEEN ACETATE-FREE AND ACETATE-BASED
ONLINE-HEMODIAFILTRATION. ADVISOR : KHAJOHN TIRANATHANAGUL, M.D. 129 pp

Background : Acetate in standard dialysis fluid could suppress myocardial contractility and arterial constriction,
resulting in intradialytic hypotension in conventional hemodialysis (HD) patients. Online hemodiafiltration (HDF), the
best HD mode, provides superior intradialytic hemodynamic stability over conventional HD. The potential additive
hemodynamic benefits of the novel but expensive acetate-free dialysis fluid in online HDF have never been explored
before. The present study was aimed to investigate the impacts of acetate-free dialysis fluid on cardiac index and
cardiac output in online HDF.

Method : A randomized, double-blind, crossover clinical trial was conducted in 22 stable online HDF patients. The
patients were randomly assigned to firstly receive either acetate-free or acetate online HDF and then were switched to
the other mode after one-week of wash-out period. Clinical parameters as well as cardiac index, cardiac output and
peripheral vascular resistance were hourly assessed in each session.

Result : The baseline clinical and cardiac parameters including NT-proBNP (1,99313,335 vs. 2,48419,698 pg/mL,
p=0.21) and troponin-T (0.05210.046 vs. 0.0563:0.035 ng/mL, p=0.92) were similar between acetate-free and acetate
online HDF groups. There were comparable changes of systolic, diastolic and mean arterial pressure between both
groups (p=0.979, 0.770, and 0.861 respectively). During the study periods, the incidences of composite intradialytic
hypotension and other adverse events were comparable. The baseline and changes of cardiac indexes, cardiac
outputs, and peripheral vascular resistances during dialysis were comparable between both groups (p = 0.534,
0.199, and 0.641, respectively). The percent reductions of NT-proBNP and troponin-T were not significantly different
(72.6112.3 vs. 72.6112.8 %, p=0.99 and 35.2112.8 vs. 36.7112.0 %, p=0.51).

Conclusion : In stable online HDF patients; acetate in the standard dialysis fluid did not adversely affect clinical and
cardiac parameters. The hemodynamic stability provided by online HDF might protect the adverse effects of acetate.
Therefore, utilization of the costly acetate-free dialysis solution did not offer additional cardiac benefits for stable
online HDF patients. Further studies are required to examine the potential benefits of this novel acetate-free dialysis

solution in specific high-risk cardiovascular disease patients.
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ATP
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bmp
CFU
CK-MB
CoA
CRP
FDA
hs-CRP
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LTB4

mMRNA
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NT-pro-BNP
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pro-BNP
TAC,..
TGF-[31

TNF

AafUNERANEMLATATE

acid citrate dextrose A solution
adenosine monophosphate
adenosine triphosphate

Body Composition Measurement
beat per minute

colony-forming unit

Creatine Kinase, Muscle and Brain (subunits)
coenzyme A

C-reactive protein

U.S. Food and Drug Administration
High-Sensitivity C-Reactive Protein
interleukin 1

interleukin 6
dialyzer clearance of urea x dialysis time / volume of distribution of

urea

Limulus Amoebocyte Lysate
leukotriene B4

massenger ribonucleic acis
normalized protein catabolic rate
N-terminal pro-brain natriuretic peptide
prostaglandin E2
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transforming growth factor beta 1
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1.5 NSAUAMNAANISAAE (Conceptual framework)

Acetate in dialysate
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« Increase TnT, CRP, IL1, IL 6,
THF, LTE4, TGF-beta, NOS
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Stroke Volume

Cardiac index/Cardiac output
In hemodialysis patient
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Contractlity

Patient Factor
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Afterload
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Procedure Factor
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» Meurchormonal and
vasoactive subslance

k Medicafion (vassopresor,
calcium channel blocker)

r Atherosclerosis

b Impaired plasma refilling

r Decrease cardiac reserve

b Impaired venous
compliance

b Vasodilalor (Mitrate)

k Eafing during freatment

b Low dry welght
estimation

b Decrease plasma
osmolarity (relatively
large surface area
membrane, high BUM)

k Excess absolute volume
and rate of fluid removal
{large interdialytic weight
gain;)

b Cardiomyopathy {e.g.
ischemia, foxin)

b Arrhythmia

» Medication (B-blocker)

b Change in serum
electrolyte (Ca, K,
acldosis)
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Heart Rate

Autonomic regulation
Modal tissue
Conducting system
Medication (B-blocker)




1.6 N192aYN1U (Assumption)
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1.8.1 gUuuunnsASe (Research design)
Randomized, double-blind, crossover clinical trial
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Ca—Cy
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oxygen saturation (%)
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IHFunstintanaunulaneuianuaiszal BNP uaz NT-pro-BNP 1gananaung wisuai
1 a ia’ 2 | dald = v
1NAzeFUNN9g9T1as BNP uaz NT-pro-BNP lufjilanguilianisiilasea’rauaznng

nauaesndnuiiianialatissansianialng lnanudinaiugeiuaes BNP waz NT-pro-

¥ v 1
BNP Tufiloalmnnaizafescazqaiinainndunusiuninuiiaalafiasarsdnannuisa

v ' v
a a A o

HaUn® (systolic dysfunction) wananniigainnsdne

49-1 = o % A o =
FuaznIsbusaresnfuLilanalan

1
=

Bufle3LeszAl BNP waz NT-pro-BNP figaiuanniasinlanaideauuy/lsifiennts nnsi
Tsnnaaaaanialasgin uaznisianinzialanne usnisuilana BNP uaz NT-pro-BNP
1uéﬂqmvd@ﬂLﬁ@mﬁmﬁﬁE-ﬁfmmqmzﬁmﬁuﬁmmnﬁq BNP ua NT-pro-BNP gnu4paan
meln solulufihanenident deiagnzeraziddenananininfilaanandent il

Tagnne"™ Junanisdnennanananisd BNP uaz NT-pro-BNP lunnsiszilnaniaztinmu
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o

Tusanenuangsllanunsaungnsmnudniusiulfuidn Wesandatilasaauneaninanaly
frafuninamanisiinauaes BNP uwaz NT-pro-BNP
doudselamiand BNP waz NT-pro-BNP Tuidnanngnilsanua1a N saniuneamns

5% % avdaslunigilsviin

a Aa 3 o A
naRaTIARsannamniazainisainlauaaaniaanl
o o 1 [ o . 7 dl Yo o % IS
N199119u39993 18391 N9 echocardiogram Tugtlaglésuntstintanaunulauass
dl 1 a o dl = o . v 1
ANLAEsAanIniinnTazialane WelFauaudy Troponin - wianUI1 BNP  wae
NT-pro-BNP #manuduiusnisiiusiaesialadiesaeireniadnfuazsmnsnisdadanann
. 134 A - o , = o o &
NNANUANINNGN e FaLRLiy hs-CRP W41 BNP Uag NT-pro-BNP JA udnni
Aunnsinauaasinlatiasanedig nastianiazilannauazufiusanngn ™ daqiiulés
o v o o a oI/ o v % d” o dl 1
n13111@81 NT-pro-BNP 3 ldadqasinduladinisinunijiaaiinlannsGassianudinisanas
a v % A 2 all v
189 NT-pro-BNP  @nansnannisiianizunsndauainalauwasvaaniaen Eumi 1t
nsAnelugiaelaone ™ uddndszlonizes BNP waz NT-pro-BNP  luidnistlsziiu
= o o 2 1 2 = 1 ]
ANAN1sn lun1sdufaresidlaiesarsdnauaznensailsaazanan uAn1sdansaa’lu
frlhavianinanfiosuanafosniinszinszdana
2.8.3 CRP waz hs-CRP
ffaqiuindngiueennigududinisiianiszuaeniaenivlaudesia wisanismgn
wasavladulunasmaansunilfiianiasialagnaldenRaunainaINnIzuIunNg
o ' o o A )2 o ¥R = '
SNIALTB9I19NY AUATRAa1N1TnLNTNTTUaunnreniau liAsasidse lamdluwdnng

° a o 2 = Ao KX o o A . .
Vﬂu’]ﬂﬂ’ﬁ‘mﬂﬂﬁﬁtﬁ'ﬂ@‘ﬂ’]ﬂL@ﬂﬁ Gﬁqm@mummmmnuiuﬂ@@guuﬁ@ C-reactive protein

]
=2 4 14

(CRP) %'\1LﬂuTﬂafﬁwﬁﬁwﬁqﬁm%ﬁwmmm“‘usmqﬂﬂ@:ﬁ;ummizmumﬁﬂL@ULLM
lainAnesd Interleukin 6 (IL-6) Wa% tumor necrosis factor alpha (TNF-0l) CRP s
ANNANNIZALA A TAINITENLALLAN AN AN LS TUNSRA lsAvaaaRa At la LTy
waznzilarnalaen

luerniiasmsaalfiRnisaunsansmadnlfiiies CRP wintiu usdaquilléfings
WamaTiansSalitiaaladeiu TaadenAfisalEngm high-sensitivity CRP #4&14130
n3adnlEAAAs 0.3 mg/L FaiitlsrlemTlunnslsifiunnuidesesn1nz e avialany
AINNNTANHILLIL meta-analysis wudﬁmmm@mﬁuﬁwﬁ(relative risk)  ABINITLTA

o > = o a & P = ! A .
AZUNINTRUARNL LALRUUNAULANTL 2 W]']LN@L‘LE‘EUW]EU?%“Q'N@']W upper tertile WAL
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lower tertile””” upn1s@Ane lusrazuaanudn hs-CRP laild independent risk factor ging
uhane Inemudfilaefl hs-CRP gaiinfiannuidasdu sesnaziduwiasvinlasinfan '™
lutAunsetaerleniden nuirfiwananisineiuaadlidiuivnauduiigees
CRP funiaiinlsnnaaniaaninlaudesa Zimmermann uazaniz ™ lENn1sAnEAnRIN
filouWaniaaniiluscazinan 2 1 Wudﬂut’gﬂwﬁ@zﬁummmaﬁﬁymmq:m?ﬁﬂLm‘u i
CRP w1nardlAudunusiunsidadidonainynanmeuazainisaialauazvansiaan
aanpRaTUNeAnETaY Iseki wazamTiinsinaugaaranidemiuszazionn 51
Tnelnfiudn CRP ldanunsnasnaannisnisanidantd uaylufilaavaniaansindsesiu
299 CRP gendnfiilaelmanefidelalifunismanideniiesannniansziunszuounissniay

Hluszazainnisnenideniesnasfadeidasannaaacfios An1sAnuiae9ngs

| | . oA

NECOSAD'"' finn1sAn= 138 U8as N9 38 TIAIc I NNANNNN17LANAUIDS CRP

Q
1 v

Wrauaunesuazudananiaen nudnlunguiinisiiaduaes CRP uasnisnaniaand
ANHIALNFABNTATIANINNIMNANT CRP anad iaRnmNiiiung 2 1)
#1989AN A statement for healthcare professionals from the Centers for Disease
Control and Prevention and the American Heart Association 2003142 AVl
® A9 hs-CRP §1nN91 CRP 699:A13a431nAaN 1o tana
o 9liuuzinliingma hs-CRP iasnnsaslsananmanmiinlalulssannayialil
o J9liAnIANHINLAAIIINITAA hs-CRP Azd1N1TDAAAINNIALNIAINTIRLTIR L6
® n199MAN hs-CRP ANININNmvinenuasingtiasl 2 §Uaiudntinuivneiiaas)
% | . dl v o
® hs-CRP a1un9n’liluud secondary prevention walduanwennsnilsauazinune
ansnnsEuls
2.8.4 CK-MB wag CK-MB mass
CK-MB fluuilalu isoenzyme 284 creatine kinase wunnnin&naiileiala a1u1sn
o U aa % v d” o v al o QI dgl 1 [~
tnun 1 lunnsanadan1aznadiaialane s Inalsesuiinduasinasamioniely 2-3
ul/ o v dgl o A al |d| aI/ o A 1o a
doluanaindnuilenalarnniaen Hangagaatin 16-20 dalus uaznauaugatninieluy
48-72 dlna NIRRT CK-MB  1flunnsmsaadnm activity (UL) AeaidAanisni
o P 2 o ! = o Aoy o o
FaAnaanunlaanFauauANaINII luNNIAANARLAIAINATT T9nN139RRsuNded A

Tuirasarnlafiuaruatwzaasnanld Taqiiuasinsn1sdnluddailu immunoassay 3n
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52AU CK-MB Tneimsas3endn CK-MB mass (ng/mL) Tedmanulauazaauannizgend
ad a
RGIGH
] 6 o [ 2N A :// = = dl | [ '
doutlselamidmiuiihavianiaentiuinisAnunAinudnszdl CK-MB mass nau
WaniaeangaiuAIlnANA NANAUETAUNITLAATIARINYNANUALAZNITLAA

o o B 143
NNVZUNINGRUNINIL LALAZUAD AR A

2.9 ANAIATYABN Cardiac index Waz Cardiac output ludilaawaniaan
Cardiac index way Cardiac output HuanlElun1suanAugnnsnlunisiusa
o v 1 v dl ] A d” 1 o v 1 A = o dl
gaialatiasa it iiedadanaanlilidasinenia winialafiasarsdiafinnsineud
a a 1 o A A 1% dgj o v @ a 1 1 o 1
HAUNG 1w nazialarnaiaas wisanignaruiiaalanunfafiasinasaA1aanNan9
d”v = o dl = o a a % ¥ { & % o dl
uananigandadean] uenmiieann1sniuiadnaresinlanesdedenan Jadadu
1 A dl o v 1 o dl o 1 1 o 1 1 o ] A
v Bannsaanluandudingialananasiiinaserifssnanomuiy luwdsesnisaniaen
WU4NNNINeNABALLL intermittent hemodialysis unnenn 19 myocardial blood flow
anadansdna e transient myocardial ischemia'™ uazlngianizgilaaneniaanis
Unfsindymaesszuuialanwazvasniaan lidnaziiliu n1silniag atherosclerosis 4ita
A v a4 o o = A ; o & ' o Y
nsindnatiainlanuisda  warianuidassaniozialaramaauinndiauialilaguin
tlanlAFunansznuaINNI9fia transient myocardial ischemia WAXDNLEIUAIRUGANNT
Waniaaniaisunns myocardial blood flow naudingn1azinsiuga usdnansenuniini
nauntinaINn9ifin transient myocardial ischemia  avflapsagliinn19 stunned
myocardium WaZ chronic postischemic left ventricular dysfunction %Q‘L‘iqmzjmﬂﬁm
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] v
scarring Tuiga'* AslUN19AsIARARTNAT Cardiac index Wa¥ Cardiac output luszudng

nsvlanienasaInisonazlduananiaifin Left ventricular dysfunctionld ufidnifaqifue

ladnsAnHNLaAIeAINNENRUETZUIe Cardiac index Waz Cardiac output ARANATZE
aa ¥ o A 1 = dl =® o % I8 1

aranepddnuesioavaniaen wAdnisAneinansfieaa udunusszndng Left

ventricular dysfunction ALN19INANNIY Intradialytic  hypotension Taen1sUszidiuann

v & 1 A o o

echocardiogram waz BNP WUINNANNANA LS et NTag Atun19ania = Lazn1siianiag

7

o v o o

Intradialytic hypotension ANNINTBANANANAUSAUSRIMNINABTIRV0Haenan

@en' Y Aaiun1sld Cardiac index Waz Cardiac output AARNNTEMIN9NTTHaNIAaARIUAY
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\Ilu surrogate marker aginaniianldlunnsuan Left ventricular dysfunction wazdaelunns

NWIBNN9LAA intradialytic hypotension T9LMNAANMALSIUNNTRETIRRNNNN
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unn 3

28ALUUNNSIAE

3.1 sduuuns]a (Research Design)

Randomized, double-blind, crossover clinical trial

3.2 sz1ilaun6248 (Research Methodology)
3.2.1 dszgnsiilvung (Target population)

filaalmaadafianguinndt 20 UnldFuntsWaniaanfoniseanlaiaiu-
Taaziamsdu ulssnanunamiulse@auunmed
3.2.2 Uszdnsnldlun1s@nun (Study Population)

frlaelnaneitesienguinndn 20 AlESunnsvenidendauiteewlaiEin-
Inasflamstuuuniaauen o Tranennagiiasnsal annianainglugas unanas w.e,
2555-2556 LaeWaniannnig arteriovenous fistula 1198 arteriovenous graft WAZHBINNTN
pRTNAST
3.2.3 2EnsgugiaanngauAn

T%E%ﬂﬂm;mLuuuﬁ@ﬂwm 4 (block of randomization) Lla2 concealed allocation
(e3UNeLnANluide 3.3.1 3aa%e)
3.2.4 \NANNISARLABRNLENANE (Inclusion criteria)

o filaelanadafenyiuzo  UilkFuniswenidenuaziennimmieadiinaed
ﬂmﬁmﬂqummLfﬁuﬂqm;ul,mﬁﬁmﬁﬂﬁtﬁmqu%ﬂ aruLdanisiusvisasias

dWinsunisinenluveadiunadiaeainismin

®  YanaeANILINNLN 6 LABY

o lxsunandensteizeaulaiElylnesiamstuiivaelsnln Anzunnadans
PNAINTUNYINEAE

® yanRanu1uNg arteriovenous fistula 138 arteriovenous graft

3.2.5 LNUNNISARAANAINNISANEI (Exclusion criteria)
® yaniaeann1unng tunnel catheter
L4 ﬁﬂﬁym vascular access recirculation

o ilymnisinauresiuRianlng
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e aglun1rI1AA1IBIMITTUKSS
a | = | 1 A < . A
® umfazmmLﬂuﬂﬁ?mmmﬂumﬂmmmmuqul,m (Serum bicarbonate <15 %39
>30)
= = 2 o . =
® NﬂqquLﬂ@L“ﬁﬂlﬂuLﬂ@ﬁﬁmg‘uLLﬁ\‘i (Serum calcium <7.5) #7997 N1997NN1NE

= = o
LLﬂﬂLGﬁEINQLuLMJWI’]

= o o = = o A o = 1

® Nﬂimmm%m%m’]mLzmmL@ﬂuwaumﬂmqzm%qwmﬂmwmm 1 1ARUNAL
NN994El

o {nmzinlafiuindnazuusa (ventricular fibrillation, ventricular tachycardia,
sustained supraventricular tachycardia, atrial fibrillation with rapid ventricular
response)
v dl 1 a d” = o A dgl o A a @ [~3 o a d} 1

o (thavedlunnsindeRsunduisazedy viveiidunzidarzarinGy deliainns
PALIANLA

o (thanaindnazlianisoninaniaannielugosnan 2 dlansiaasaiils

3.2.6 inunnisaaugiligaanamsinnsAnm (Withdrawal criteria)

® NAn1azialalANNARIEgUNaa (ventricular fibrillation, ventricular tachycardia,

sustained supraventricular tachycardia, atrial fibrillation with rapid ventricular
= PR o &

response) AINNNIELAR TN AL LNNRELNAIAINNITNANLAaA

a o A o o = A A o =
® Lﬂﬁﬂ’mzﬁﬂﬂﬁﬁ‘@ﬂfl@ﬂﬂqﬂLmu@qﬂﬂqqguﬂ@LsﬁﬂllLL@%LLNﬂuLSﬁﬂNm’]@’]ﬂﬂ’]?W@ﬂL@@@I

e finntaznismalagnnaausieseddeirzesdaarielaainnisiiaaniiusnanin
il

3.2.7 MIANUINAUIRAIDENG (Sample size calculation)
AULA
Null hypothesis
= ] . . , gy o = C e 4 gy o
- nlasutasandamn cardiac index o MLNe ST AWIN LT METiNEN
Us1ARNND T 65
: Diff0=Diff1

Alternative hypothesis
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- aufatuutasesan cardiac index TutaailHines@nauansnasLgaailFinen
UsAanazdLmm

: Diff0#£Diff1

AINGMIT IUNNITATUINLLUIAFBENIURS Two-sample crossover design

_ (Za/z + ZB/Z)ZO}% 14
B 2€?

AULA
04 =0.05

Zg2 = 1.96 (two tail)

B = 0.2 (power = 80%)
Zg;, =084

Om =027

€ =0.27*

* 1 fluAnE1989annnisAneaed Wynne kazanuz ° dannisAnenisdnan cardiac index
. 1 A 73N d” o Y aa
way cardiac  output  sxudnanigneniaanlugilaalnonezeiafaeds Impedance
cardiography #131AN mean=SD naswlasuilasaes cardiac index Tungugilasndilnymn
panaulanmanszdenaniaanagil 0.27+0.2
yiranInIsunuAnaslulilsinsn PASS 12 (Hintze, J. (2013). PASS 12. NCSS, LLC.
Kaysville, Utah, USA. www.ncss.com.) aZl#anuausaagnanis@nsnianam 20 e (nni

3.1) faelfumAiy drop-out rate 10% azlfanuausiaasinen1sAnEWInAL 22 3¢
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Power Analysis of a Cross -Over Design Using Differences

Numeric Results for 2x2 Cross-Over Design
MNull Hypothesis: Diff0=Diff1  Alternative Hypothesis: Diff 0£Diff1

Effect
Power Diff0 Diff1 Alpha Beta SdPeriod Size
0.8145 0.000 0270 0.0500 0.1855 0.200 0.955

References
Chow, S.C. and Liu, J.P. 1999. Design and Analysis of Bioav ailability and Bioequivalence Studies. Marcel
Dekker. New York
Chow, S.C.; Shao, J.; Wang, H. 2003. Sample Size Calculations in Clinical Research. Marcel Dekker. New York.
Julious, Steven A, 2004. Tutorial in Biostatistics. Sample sizes for clinical trials with Mormal data.’
Statistics in Medicine, 23:1921-1986.
Senn, Stephen. 2002. Cross-over Trials in Clinical Research. Second Edition. John Wiley & Sons. Mew York.

Report Definitions

Power is the probability of rejecting a false null hypothesis. It should be close to one.

M is the total sample size drawn from all sequences. The sample is divided equally among sequences.
Alpha is the probability of a false positive HO.

Beta is the probability of a false negative HO.

Diff0 is the mean difference under the null hypothesis, HO.

Diff1 is the mean difference at which the power is computed.

SdPeriod is the standard deviation of the period differences for each subject within each sequence.
Effect Size, |Diff0-Diff1|/(Sgrt(2)"SdPeriod), is the relative magnitude of the effect under the alternative.

Summary Statements

A two-sided t-test achiev es 81% power to infer that the mean difference is not 0.000 when the
total sample size of a 2x2 cross-over design is 20, the actual mean difference is 0.270, the
standard deviation of the period differences for each subject within each sequence is 0,200,
and the significance level is 0.0500.

AN 3.1 uapanisiszanananisAananafaetnafne isunsy PASS 12

3.3 N19ANLEUNNSIAE
3.3.1 98748l

o o

va [y A v 1 d’l A o o
tAdeavinnsunaulszdminiseniaen detiadluniswaniaen laadszansa n1s
o o A dl v o £ a oA dl
n3aainmlsaialanasuaeniaen a1 ldludaqiu nan1smsaanieiestimnng e
a v v - o A o = @ ° Py = o =
NansaLaddinnaEinisAnaandnAnenazninisliideyanaaiunisdns A

Wunn nrsanfiunigiay ualsslaminaindiaslafunazninzunindaunaiaaziiniy

agj ¥ ¥ v a o A 3// ¥ d” v Y ' a o a ¥
?QNVNLLN’JW’]\?ﬂ’]?LLﬂiﬂLLﬂE;JJL"lI’]?’JN’JQEI W?@NVNIML@ﬂ@’]ﬂJLL“’NE{;JJL“II’]'?J"JNQQEI Walanialit

a v o a

dnoneniandinlawazindulalaedase Wefdinsnidasndulaliinoutiuaendn

v A o I

v
saululnran193ee Asazaiiunisiiasunn lunlide fuseadinsannisdnen uaaaniiu

¥ v ! a o ! =3 9/dl My dl % a o o o <

REINTINIRBAZYNANLLLUADNUUIA 4 ‘Eﬁmc;m”l,ﬂmmummmmiumm@mmmm@ﬂmmm
o dl Dd‘ b4 1 a o % o ! < 1 ! dl Y Y !

4 memmmmmwmmmmemmfs&mimmqmﬁlaiuua@ﬂ@quﬁm PNBLLLNKLTNTIN

[ %

a @ ' = & s a o o e a o o o
]eaantilu 2 ﬂ@llﬂ’]‘iﬁﬂ‘i:f’] ﬂﬂﬂ@NWWﬂﬂL@@ﬂﬂ?QLL?ﬂﬁ'Jﬂuqﬂ']ﬂ:fsﬁmeLL@:?V’]?Q‘V]ZQ@\?@QFJ

o

wgsAanesdine fungunnaniaanaiausnfoatinenilaainerdnauaraianans
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FoenenNasTnm InalsrziaanseuiaNan1INantaaAASILIN LAY ATINAaIU 1971 7 T1

(wash-out period) §iiN39:n1399% HATNNITI4E franisicauaziiasziideyaazgn

©

=

Untlanaaasnisguannsyiiviadadunisanulnenistlaiivaainasesdeingweniasn

v v
o o

(double-blind) faun1sWaniAaALAazAT ALIIEINIAuazE dinsanddaaslingudn

¥

wiazaisradnisnaniaenlfifutirevaniaanaiinla (Concealed allocation) §iingasnng

] v
o b4 o ©° o o

AqpazfestainninuazdadiunmindiwiulusnaniadoaiAses Body  Composition

Monitor (BCM, Fresenius Medical Care D GmbH, Bad Homburg, Germany) tailszidiu

[ %

1 091 o 4 dl 1 1 1a a o dl dl o Y Y 1 a2
ﬂqu’]ﬂuﬂLL‘VN‘V]LMN’]Z@QJI@EI@%I}IM‘H’J\“NLTWH 1 ﬂI@ﬂ?N"ﬂﬂVILﬂ?ﬂ\‘lﬂ’\uqvaﬂ WIVEIEAL

nisgataangieatsznnns 15 Nadansvedensaatiaqtjifinis nasainianissanias

o

WaniaanLa3a §11948az1i1n199nAn cardiac index, cardiac output WarA" peripheral

vascular resistance #agLAsad Transonic Flow-QC Hemodialysis Monitor (Transonic

System Inc. Ithaca, NY, USA) 421199 0, 1, 2, 3 uaz 4 283an130aniaan AsnIni 3.2 wiau

3 U 1 [ dl o A nI/ v a o o
VIQ@@UG’]N@’]H’W?%@QWJQEILﬂu?$ﬂ$ WanInIswaniaenAsy 4 dalus WAEIRUACNINTAA

|
= ! v

wanfiaedn 15 HadansiedinsaaniediesdjiRnisuazionisnendueanainiilas

P4 <

fayananualunisaaazgniunnaslunuiiindeayauaziiuiiluaguay

A gy & = AT o o A A
LW@MMHM’]HM?W@H L@@E”WN@@Qﬂ?\ﬂNQﬂ?UﬂQM@IQﬂﬂ@@ﬂ@ UUBANLUURAINNIT

a o A

= & = o =2 yy > 2 < S qw o
wWanuwlasngineniaen §adeacldinsuanliinnsaniaanisaesnialiiuiieuiu

tsrnaudae nnsnaniaanmieRsaauladamiulnasAa s T uuULIANANTUINALNUN ALY

Vo
[ aa

PRIADADANAINFAINTAIANLTATNTI 100 RNADAMNT/UN WadnsFtluiaanmesny 400

Haaanssiaud 1sansas ELISIO 190 H, Nipro, Osaka, Japan (Polynephron) sialusvn

59 fegnuun e weniaan iviniuisasands sans3utseniuensuazenlusznang

a

>

A v 09/ A dld ] dl A ) a A o
nsnaniaes MingaWaniae ANNAIULsTNa LB ULENIUNAANALTIAALA LTIATAMN AN

09; 1= o o a ] { A :/’ Adl dl 09; dl
YNUNA LL@?JVLNNT]’]?‘IJ?‘LIHWﬂ’)’]llﬂutﬂﬂmﬁlueﬂ'l\‘iﬁ‘ﬁiﬁﬁ’]\m’]ﬁ/\l‘ﬂﬂL@ﬂﬂﬂNVIMMQLL@?JﬂNVI@@\?



Dialysate A

analyze
@ﬂ |

b\

NS

Informed consent Randomzat(<

Dialysate B Dialysate B
Data Collection
( 5 \
0100 02:00 08:00
00100 04:00
CO, CI, MAP, HR, BP  CO, CI, MAP, HR, BP  CO, CI, MAP, HR, BP  CO, CI, MAP, HR, BP  CO, CI, MAP, HR, BP
Lab Lab
Baseline Data Clinical Assessment

AN 3.2 LAALNUNNTANTRUANTARE
3.3.2 LATAINA LUNNSIAE

]
aa

o araqlpiunniszuuntaniaend nitnsaeulaiiE lulnasilaingdiu

® (7n7a9 ELISIO 190 H, Nipro, Osaka, Japan (Polynephron)
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Final Manuscript

® |r5a3 Transonic Flow-QC Hemodialysis Monitor (Transonic System Inc. Ithaca,

NY)

® A4 Body Composition Monitor (BCM, Fresenius Medical Care D GmbH, Bad

Homburg, Germany)

09/ = =y 09/ = =y dld o
® NN ANLARADZTLEIALAZIWNLNANLARALITIAANNATLAANNAIULTZNAUAIAITIN

72
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AN9197 3 WapdauLlsznatrastingwaniaani g lunisAne

Yhentsrainesdinm Sneiidesdian
TnAsN (MEg/AnT) 138 138
Aaalsd (MEg/ans) 109.8 108.8
WAALTEN (MEQ/AnT) 3.0 3.0
uNnREeN (MEg/ans) 1.0 1.0
umaden (mEg/ans) 2.0 2.0
nglaa(mg/dL) 100 100
lup e (mEg/ans) 32 32
aLdLAR (MEQ/ART) 0 3.0
FHTR (MEQ/ART) 2.0 0

3.3.3 Aanislunisias

piaLl96iu (Independent variable)

09/ A dld a [ ] 09/ A dl =
PN anaaaNHa T mLTvdaulsenatazingInaniaa Nl A NazaTLm e

paLkil9m1N (Dependent variable)

a

Bumndeniignguaneanainiialageuniiseiuiiaasienig  (cardiac  index,
ANI/UNT/MTLHNAT)

ﬂ?‘mmfmmﬁgﬂgu%m@ﬂmﬂﬁﬂ@r;i@m‘ﬁ (cardiac output, AR3/4479)

ANNAULANE (blood pressure, NaALNATLIaN)

ANNANUNLNABARERAEULANE (peripheral vascular resistance, RadalmIUsan
UNT/AR9)

anNITENLediala (heart rate, m%q/mﬁ)

guiRn1snin1zANALlalinanszudewaniaen (intradialytic hypotension, m%)

Ansilaenulad Troponin-T #a3n13nenLaen

Anslasmiutlas CKMB ndsnswlaniaen

Ansilasmiutas Pro-BNPYdantsnanidan

An7ifaenuilag hs-CRP wdaniswlaniaan

dl A [ o = = = &
nsidasuutlasreanaauisne) naaniseniaen (lonas Tunaides ARD b3

o = a a
1UﬁW?U®Lum LANLTEIN NNLTEIN)



paulsAAN (Controlled variable)
doutlsznavaw] sestineanenidenuenmiiea e innwazTLmIm
Fansaen M lnsnaniaan
fRnaFaadluiaanwaztiutngWaniaan
BRIV UNITLANANTLNN AN
a 091 =
gounnrestirevaniaen
815N HNANHALIATR
o’l o U A qg/j :/’
PNULNLAIABIN TN B NLARATIIADIAT

o I 1 A
n135utszniuannsizean luseninenisaniaan
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Junifivdieyanseninenivasspiadaaiiudiuneaii iansuaxiiiivinsoneny

Waniaanvasiilieviansniag udagndipaiv

1 v o o o a . . . b4
1/1’1"11@\1Qﬂf;ﬂlummzmmmmmwmuimum cardiac index WaZ cardiac output A8

tfluvin Fowler's position

3.3.4 N159MNA (Observation and measurement)

o

Tunisweniaeswsiazaieiniadaaziniafiudieyasne Aas

v 09/ o o AN 1 = “9: :; 09/ o v dl a v
L4 m@g@muuﬂmmmgﬂfmn@umﬂL@@mmquu uwummwﬂazmuimmn

789 Body Composition Monitor kaz/3una4 ultrafiltration AneanlHass

JAAN cardiac index, cardiac output LAZ peripheral vascular resistance
AaelLA3ad Transonic Flow-QC Hemodialysis Monitor €4 Tuaf 0,1,2,3uaz
4 gasnimeanidan TaaniiniresadudtyuiaaueanIgiail (sensor)
09; [ Adl A ¥ A :/’ a dl

VN’&’N@HVIC&’]&IW@T]Lﬂfﬂﬂ“ﬂ’]LﬂﬂLLﬂtﬂ’]@‘ﬂﬂ@’mmqaﬂ’m AMNHULT ALATEY

Transonic Flow-QC Hemodialysis Monitor kazyinnnssataseaaliaAAanuiga

12 ] |
o

A dl -dl o % o @ A dl A a o o
waniAsasaulinseiuauEuaeansAslutaTeslonan uazinniedn
Fununsluacunauaeddentfiasyiniufeaas Audasazau1sndne
d e d X . o o .

ausiald Wennisdvesasuardnilsuunsluasunduaedaana UL

¥ ¥ ¥

u&n asanisnsandayamanuiulainlug aiu dwinsds uaaiv uay
dougaiinaldlunnsdnen cardiac index, cardiac output waz peripheral

. C =2 gy o A a =
vascular resistance @ﬂﬂuu@ﬂ‘ﬂuﬁLﬂ@@‘QMMQN 37 NANLTALTeA SEENglal!
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a v

aa A 7 y ¥ dll ° o
ANNRT ’ﬂﬂlﬂl’]’&’]ﬂ‘i"lﬂﬂL@@ﬂﬁiﬂfJﬂlﬂﬂﬂl’]LﬂW?%‘m’]ﬂ LATANASNINTTAU

w
)

0

d o o 1 z 9 .
nAaudansininlauulaslUnsdsdinuazanaanaindenig

k=)

g mnAuaniluAn cardiac index, cardiac output Waz peripheral

230

vascular resistance ANNANNNT Stewart-Hamilton analysis

' '
=

o dpAranuaulaisuazilszidiu ultrafiltration #1146 49Tue 0, 1, 2, 3, 4 uay
Usziiutnnininzanusulainannsanisiuinnisaamaagilos
3 (% 1 A 1 A o A ng// a aa

o fusetivdeanauraniaenuazudIeniaenniaay 15 Nadans tnuge

4 A @ = 4 P oA 2 aa

ananevanidanineuaundnneniaen edensaaniyise, ATLeRNL,
Tmnen, Tupaiden, Tuansuaie, wpaiday, wintidaw, Uszquaaimas
243z, Naawm, CKMB, troponin-T, hs-CRP, pro-BNP, LaAlAN, pH uag

aa
ADATNAIH

® AAUNINBINITERUNAY AYATT 1adl 71 B8 TaNE RBNUULTR8INIT

nanAaw ngUaeianuszndeneniaen

34 msaqmw%’aga (Data collection)

'
o [ a o

NAIAINNITAUIN TULBNATTUAAY AN EULBNLEINFINNTINY §N1TRBRLENNING

¥ v e

udieyaredinsonidan ny fiaslamnas visalsnln auzunnarans sw.qnaensal tae

a

I
a

~ o o _ = cd &
Guannnisnunaunsssideugienazululszdinisvaniaenlu sw.aiiasnsadiieiiy
v dly [ % v 09/ o £ 1 o o o :/J
dayaNuguaulsenauag ang WA Uninuie 49ug9 19235 13AUTZRANANVNNNALAL
ANEUNINGauTINDIN125NHN UsedRnanisnaaszuLialanazuaaniann n135nNm
U o A [V dl v 1 o v
nazunndaunieialanazvaasiaen Uszdanisuaulsaneiung eninldetluilaqiiu da

] dg/ A A o A ¥ 1
g lunsaniaan srazinainisnaniaan dsedinisnaniaaalasni1neunsndausenang

v

nisneniaen uazlszdfinisnsmadtiadanieiiesiifnig deyarianunazgniuinasly

o R 9w Avae o o & - N
BUUURNNUBHANEIFE ﬂmqﬂuimﬂiﬂﬂﬂqﬁﬁl@mﬂﬂﬂ']ﬂ

a

v
o Y Y

WA AN sipduALdeyaiuidindnidelaainandesngiloaainnsonn

a

& o

Waniaanlfaasdin1ridnsany wazifudnaaiuaesdilnef iy udeyaanizduns

a
va o o

A gy i o o o . P vy A o AR o oo ow v ¥
LW@IWﬂquqﬁuﬂmQﬂ‘ﬂuﬂq?NqW’ﬂﬂLﬂ’ﬂﬂﬁlﬂ@Lﬂﬁlﬂﬂu PHAINIUUALNUARYANIREUATUILUITIN

u

A8 19N TN B eLAT AT ATAILANAAANITANE RLFNIINF2uUIRRTUI9NEFael
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\A784 Body Composition Monitor #ea1Atudannisiinszualnilnfiaauaannsne dulu
d’l dl ' a o
Heitaseaiiaii

-

dnuanda i uilslldsandq Wil milsasasfnda A snaanuauiazavasgilog e

wraaninnsLszananaladaazsauianuasaanaiuingawinluienig woaladuuas

[
o a o I

v d’l Y o a o a 1 1 o” o v % 1 a o
wanfiniile §inddaazinnissviiudnAriminuiiesnnaliagludos + 1 Alaniuaaina
ATNLATad Body Composition Monitor %3814 wnagiludaessnaiaasniiunisiaesia
v o 1 o K o K v v 1 o/
fayasenannazgmiviinaslunuuiuiindeyagilaemuii

:/J ¥ P [ % [ a o [~3 A Y o Y
“’Q”IﬂuuslMWEl”l‘]_ﬂ'&vLﬁlLVIEIN‘)@V’YJ’]NWL&I@VE]LL@%‘V]’]ﬂ’]?LLVNLﬂNW@ﬂL@ﬂﬂiﬂﬂU@jﬂ’Jﬂ Tu

2
= [ %

1 va = s [~3 o/ 1 A dl % a o” [~1 di [ 1
seudaiERaassengUnIninnsAuAet1aentalsznauAcensrAntinudaiia ldfaating
1AaAAIA994 arterial blood gas (AR pH, UszALAAITINEATZUAZATLAALEN) NITLBNRARIN
UM 20 HARART LAZNITLANAALNIWIA 3 HARAAINTANLENTIUNAS THNE1UNaRALAaA
12 Nadaamsuar 2 dadamranduneniaenldanszuenananauin 20 NaRARTLAT 3
a aa o o = o Y a oa = = aa = =
HafanInNaALsNtn lldelieensaadjifinag gy, Anesiiy, lnmaw, TUunadew,
luaFuaLun, wradeN, wunidow, Uszquaatianaass, Waas, CKMB,  troponin-T,
hs-CRP, pro-BNP, wammn, pH waveesdluadisn) Wesediuneniasn anananannuay

va o o

rsaslanenLa3a §398azn139mAN cardiac index, cardiac output WA¥ peripheral
vascular resistance AqgLATEN Transonic Flow-QC Hemodialysis Monitor lagin13aasaaiLl
o dl o o 09; o dl A 2 o Y
UEIUARAUEANTIT19U (sensor) eAasdunanananiaanlinuazanaanaInsa gilae
9N i 3.3 anuitlauAses Transonic Flow-QC  Hemodialysis Monitor Lazn1n196a
d e « 2 Y ALONGKOS UYERSITY, % 4 iy = .
s liiArAnuadeairsesal lfnseiuAuEaen i luiluimeslnfian uazyniinng
FauininisiacunduresfendefieqiniliesarAudasazainnsndnaausials e,
09/1 dl o o A I v =X o % o
NN9AILATDINATIRLFNNUNTIAUNALTBRAAAUENULEY A9IN1TNsandayanI e 1
v v v 1
Tadinluangiu dminsaluaniesiu uazdougainaldlun1sinen cardiac index, cardiac
output WAz peripheral vascular resistance aMniuasldunnaegUun 37 avAmaLTE A
151104 30 Aadans aadinarawenidenilhadsandidenie wsasazianisd udnyoin
dl o o‘d‘ dl 09; y v ] v o ° o < 1
paudans I agulasliiadsndnuazaneanaindraniagilos dsnauananiluan

cardiac index, cardiac output Waz peripheral vascular resistance nnsimdalued 0, 1,

v K Y o 1 v K Y
2,38z 4 LL@ZUuWﬂﬂﬂHZ\]@QﬂZQ’]’J@\?SLHLL‘LIU‘LINVIWH’PJH@
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* Arterial

+~ Line

Isotonic saline
introduction Flow/

dilution

v
o

NNA 3.3 LapnIRafIAUA Ty IUARLEaRTIEI91] (sensor) YivaasaunaaWaniaandn

'
o o a

v o Y
L‘ll’]LLZQt?I’]‘ﬂ'ﬂﬂ@’mWJQﬂQEI
(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

luszudreniseniaen §11n15998araaunINeIN1sHAUNARATATIATAAINALY

Tatimaasfilaeniuscay windfymiauaulainanisaiainisnauiiiasainaaumy

o {

Talinnanas fidpazliinnsdasmaetilesuazgnisneususd dagyasinaitazgniunnaslu

v KX v
LWHULUNNURYA

A o = o A o @ =
Wanin1snaniaanauAsy 4 dalus wenuianasnin1mandunaniaanaanazdog

o A a

fAdunaaen 12 Fadansuas 2 daaansanduvanidenlanszuananenauin 20 Haaams
war 3 HadaRIAINANAUeNTn lddeiesnsalfimnag (gie, Anemiy, Tnhaw,
TWuwnadey, luarfuaiun, waaldew, wuniiden, Uszquanidandass, weawn, CKMB,
troponin-T, hs-CRP, pro-BNP, uaman, pH uazeaaaluaiss) w’é@uﬁuﬁyﬁﬁ REAZNINNTLAL
aunsal

HAdtasnINImIvageLNansIan N tiedU RN s un19ssLuABN NIRRT TN,
qrinaansnl lududsluuaziuiinasluuuiuiindieys
3.4.1 \AsR9NaRazABN99AAN cardiac index WAz cardiac output

3.4.1.1 \Agasila

@ﬂﬂiﬂiﬁ@uﬁi@m%m'mm : Transonic Flow-QC tubing set

AT TLHANAGAL - Transonic Flow-QC Hemodialysis Monitor

TlsunsnuamsnanIInmAgaL :  Transonic HDO3 Database Administrator Ver 1.6.0

3.4.1.2 mMs@ansaglnstiuazn1sanuNe
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1. NN9ETRNFRANY Transonic blood tubing WnAuanaWeniaen laaEuannseans
Nanidandnduietes lamaup NLLugasuadaaulalzlvlnaslainsdu arndusagns

%

Transonic Flow-QC tubing set Wnfuanavaniaentanadnananidanideandiuazaiesn

'
p A o

angilae denind 3.4 dluianazlszneudoaana 2 wuu Aeatanldsaiuduaendin
1 Yo . o (=1 o o 1 [ a dl a o’j A
snaneftlag (venous line) Tasazdainaiiu port A musaiunszuananeaivaaniiningae
¥ v Aoy 1 o o | [ . . A o |
dingilae uazanenldsianudvnenasnainineniaiilan (arterial line) leanN9siaa A
< a 1 =2 a . - = = ' v I’ A o
i@alzenFan AEu prime tAsaslaianienaaaafaatnaneniaan wazliinaunale

p = A & Yo v
L‘Vlf;lllLL‘VNLﬂJNLW@W@ﬂL@@ﬂIﬂﬂUQﬂQH

Flow-QC Tubing Set

arterial segment blood line

nesdle ;
| tubing Wang
'd
Arterial Sensor capﬁ
v
p1lae €
Venous Sensor HD

1
needle ‘ d
tubing Flow-QC Tubing Set /

VenoLs segment

blood line
tubing

A 3.4 wananissiaaeasneniaeniugas Transonic Flow-QC tubing set

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

2. N196i@ sensor U8 Transonic Flow-QC Hemodialysis Monitor fil Transonic
Flow-QC tubing set Tt venous sensor NMUHLTL venous line 484 Transonic Flow-QC
. =2 o A 2 o 9. o . A e . .
tubing set sml,ﬂumm%a@m\mwmﬂ WazU arterial sensor 4MUWLNY arterial line 1843
Transonic Flow-QC tubing set #ifluanaanaasieananiilos nauntiunanaliniesy

dl = e @ o ©° dl o s o 1 ai =
sn\mQmauumLﬂumu’]mu@@mwf]qu 0 AN NASTUL

]
A

3. iilaweises Transonic Flow-QC Hemodialysis Monitor kaznsandaagilosmiu

da39191% AU Fediayanazfasldpaianilszansalsanening savaddunaniaas wimin

a
v 1

dauge avnAulatinluaiziiu Anmd 3.5
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~ Transonic HDO3 Dialysis Monitor v0.9.7 =Jo&
Lastname l |
Firstname ‘ ‘
ID ‘ |
[ I S
HEEEEEEE
Lo [=](=][=1[=][¥][=[=]
[x [=|[se](ze ][zl || [[m]

nnA 3.5 uaasutihaeansandeyatitlaivenianieadn cardiac output
(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)
4. nstsziiiudnanluaseaidenainiiasesdnlfmeununssluareslaian 5
4 a dl = 1 . o dl dl ¥ dl
AINN1INIaNdayaTHATBIATET sensor UHLAE (select tubing) AININT 3.6 e lTiiATq
dszanaauudutn (mnaanléigniiesazaaianaautiannd 5% nniaenldnsaiuatia
A o | = ' < A A o qua A
BIANLNUHLDERIAAAIALARAUNINNLGY 15%) AINUUIABN Protocol Nazdn Hiaan

Delivered flow a1 AININT 3.7 aLFeuneUsnInN17 lauadiaaanda ldaniAsae iy

v
o

A A = < 0. a4 Ao A p )
N QluLﬂ?@QVLMLV]ﬂN qqﬂuuﬂ?@ﬂﬂq@m?qﬂqﬁiﬁﬂﬁl@\?Lﬂ‘ﬂﬂ‘wF‘NiuLﬂ?@ﬂimLWﬂNlu“ﬁ@\? pump

v
o

setting Aan wi 3.8 AdalanazAnseluAraslnianliaqssineiiuiuiesas 10 (nell

peiufgenay 10 MHdadndununsauisaninulidvizald In19insanesanananiaan

o ' o A a A a A
quLﬂuQﬂq?LWNLﬂ.llthﬂ Nﬂq?ﬂﬂﬂ’ﬂﬁﬁqﬂV\IﬂﬂLﬂ'ﬂﬁ UTANAATITNAXNIALANRUURY sensor 114

n199m 1Tlusin)

-
"I Transonic HDO3 Dialysis Monitor v<DEVELOPMENT>

== SELECT TUBING

L
‘WTRANSON\C FLOW-QC ‘

™) MEDISYSTEMS REVERSO
</ MB-8001

‘ % Choose from Tubing Library ‘




A1 3.6 WARMANT select tubing

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

" Transonic HDO3 Dialysis Monitor v0.9.7

B[]

# MR SAMPLE (001-06-2345)

TRANSONIC FLOW-QC
Choose Protocol

o Delivered Flow

¥ Recircuiation

m==) Access Flow

\) Cardiac Output

Thu
9:58 AM
Way 18, 2006

&8 pen

15 DLVFLW = 305
14) DLVFLW = 305
13| DLVFLW = 300
12 C0=6.16
1 co=609 |

dl ¥ o o A dl o
NINA 3.7 LAANUUNIRADATUTLLAAN protocol NAEam

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

I Transonic HDO3 Dialysis Monifor v-DEVELOPMENT-

BEx]

1310 ]
Delivered Flow ﬁ mlimin

Difference=-164%

& Delivered Flow

# EXAMPLE JOHN (12345)

=

Pump Setting mL/min ﬁ\'},\‘ rg\\l L

2 |

Bzl

LT

Select

Patient
Choose
=== Protocol

atient

1| DLVFLW = 305

AN 3.8 LEAIN139A Delivered flow

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

5. N3tsviRunT AN uIeaLann (recirculation) tnainauldfutinaaduiuiasn

54

YA A . . < Y o = Py o Y o
protocol iaanh Recirculation AMUUNTRNURYHN ANNINN 3.9 LﬁJ’ﬂﬂﬁ"ﬂﬂ"ﬂ’ﬂﬁ;le\]ﬂ?‘LllMﬂﬂVl

OK tAzagazuaniisaendm recirculation IngiNTsueIANNARLLL free flow WNN19&Isl

wWanaandsandingilaeiunan 6-7 3uh aniuezesaziin198RsINafia recirculation

UAZLAMIKNARANNT NINH 3.10 MNNERT recirculation §MNN9NFREAE O azldgunsnni

n139m cardiac output fald


http://www.transonic.com/hemodialysis/bestpractices/cardiacfunction
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" Transonic HDO3 Dialysis Monitor v0.9.7 |- Elm
Flav 18, 2006
Height a
7 8 9
Weight kg e ey e =1 Choose
Pmocol
Systolic mmHg 4 5 6 -
| Patient
e e et Record
Diastolic mmHg 1 2 3
Heart Rate bpm el
0 CLR
dt mins

ﬂ’]W‘V] 3.9 mewuwmamﬁ F89N38NANFUNN9IA recirculation

a

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

= Transonic H003 Diayes Mool ¢-btveLopuaT-

#® EXAMPLE JOHN (12345)
d e

Select
Patient

2= Choose
= | Protocol

Patient
Record

Save
Picture

(%)

REC=18@ 326
DLVFLW = 305

—

AW 3.10 NNRBLARNKANIIIA recirculation

(ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

6. nN139A cardiac index WAz cardiac output leanaulduniinaeduiuiasn

o

protocol AININT 3.7 nALAaN cardiac output AzluNluntinaaNansandeana Aan 1w

a

v 1
3.9 insnsandieyaliinsy a1ntiuna OK wizesazuaniwizandn cardiac output tneinis

a

v v
WITENUNARGIUNYH 37 aaAEalTea Usrnins 30 Hadanslanszuanans) wasAIena

s luaaaaaannasadlanan et 200 Naaansawd WawaaTaiautenling OK

a

v
o

A ° o o A gy A oA = P A aa o |
Lﬂ?@\?@gﬁwqﬂqﬁ'uUﬂ’ﬂﬂM@\?LW@IV@ﬂquﬂ@’ﬂ LN@QQLQ@WIW@ﬂquﬂ@@ 30 N@ﬂ@mﬁ‘mqiﬂ'ﬂﬂq\?
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$90139 LATBNATNINIFIA cardiac index, cardiac output WY peripheral vascular

resistance WAANKA AININA 3.11

I Transonic HDO3 Dialysis Monitor v~DEVELOPMENT~ Lo
=

? EXAMPLE JOHN (12345)

Select
Patient

2—_ Choose
=~ Protocol

Patient
Record

Save
Picture

CO=6.09

AXSFLW = 2600
AXSFLW = 2530 |
REC=17 @322 |
REC = 18 @ 326

KN W e D

ne at BODY TEMPERATURE

AN 3.11 LaAuTinaaLaAdEani13dn cardiac index Waz cardiac output

N www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

1
aay a

7. insantfunnAs1e adlusuuiunndeys lunsainfeenisiniuanisin’li
nama module TflumidoaAanuatzeaAses Transonic lUmeafumAaniamaiynig USB port
wiadinlUNTUsunsn Transonic HDO3 Database Administrator Version 1.6.0 az3untinas

'
& o a

w3 WinadeanuanisdnnsiaesnisWunudadsiuw Asnawi 3.12 uaz 3.13

" Transonic HDO3 Dialysis Monitor v0.9.7 =X

2 JOHNNY WALKER (1486715)

n <

600

8/30/05 10/5/051  11/2/05! 11/30/05' 12/28/05'1/18/06' 2/8/06' 3/1/063/23/0614/13/06
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AN 3.12 wareutinaanannalulilsunsy Transonic HDO3 Database Administrator

Version 1.6.0 (ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

"I Transonic HDO3 Dialysis Monitor v0.9.7 =okd
2
.. JOHNNY WALKER (1486715)
‘—p JH )/ cav @)CLPRHIIE
Date | Tme | Mede | map | L Resut
11/30/08 11:23 REC 17% @ DLVFLW=322 mL/min
T TE REC 18% @ DLVFLW=326 mUmin
172305 1042 €O 95(126/80) 616 Limin Ci=45. CBV=11L
o 11/23/08 10:41 co 95 (126/80) 6.09 L/min. Cl=4.5. CBV=1.1L.
| 12305 1040 AXSFLW 95 (126/80) 2710 mUmin.
EJ| 12305 1033 AXSFLW 95 (126%80) 2600 mU/min
I 11/23/05 10:39 AXSFLW 95 (126/80) 2530 mL/min.
12305 1038 REC 95 (126/80) 17% @ DLVFLW=322 mUmin
& | 2305 d0x REC 95 (126/80) 18% @ DLVFLW=326 mL/min
11/16/05 12:24 AXSFLW 2710 mL/min.
1116005 1223 AXSFLW 2600 mUmin

AN 3.13 waAIUTiNAaLanINalullsunsy Transonic HDO3 Database Administrator

Version 1.6.0 (‘ﬁm www.transonic.com/hemodialysis/bestpractices/cardiacfunction)

3.4.1.3 A1asaaNaniedin’

® Cardiac index 2.2-45 L/min/m’
® Cardiac output 5.0-8.0 L/min
® Peripheral vascular resistance 9.6-18.8 mmHg - min/L

3.5 mﬁm%‘wﬁ‘ﬁ'ﬂga (Data analysis)

Tsunsunldlunnsiimssiifieya An IBM SPSS Statistics 20 (IBM Corp, Armonk,
NY, USA) waz NCSS 8 (NCSS, LLC. Kaysville, Utah, USA)

4 a :/’ o o 1 [<1 a A 1

foyaafiunuisunaaztinninnimagaunisnszatadniuuuuingvsals Ias
NNINARBLAEIATH Shapiro-Wilk ¥inuani1smagaunisnszaneiluuuuilnfazsasiuan
aannfuAnafeuanauAdeuunInggu lunsiiiinan1smageueani1dIn1snszans
13JLﬂul,muﬂﬂﬁ%ﬁmmﬂ'qfa@ﬂmLﬂumﬁﬁﬂgmmnauﬂ"}ﬁﬁmwdqqmaim{

(interquatile range)
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v
2 o

foyaienmuninazaeunaeeniuAniulfiasuariesazaewianun sinnng

u

o [

naagLAtEanAfae Chi-squared test NMuuARNTid1ATUNINaTAN 0.05 tauedeyalu

qﬁ;ﬂLL‘]_I‘LI“llﬂ\‘lﬁ]'ﬁ'N

a o

nsneaaunai Adniunsalilsauneudeyalialiniudadinananiv @y
cardiac index, cardiac output, systolic blood pressure Hanm repeated ANOVA
AuuAANIEANATYNNADAN 0.05 iauadeyalugtuuivesniseuaznau

aa o o = = 4 a «d‘ s o 091 1
ﬂ'mnmmummmmmmummuﬁﬂumﬂmmgl@mﬂ?mmwiwummmmizmw 2

| = \ \ & a . . Ao = o
ﬂ@j\lLL@ZNﬂW?ﬂ?:ﬁQqﬂﬂJﬂ\jﬂqﬂQ'\NLLmﬂm’]\‘]LﬂuLLUUﬂﬂm 1MW cardiac index N IN\TV] 1, 72U

o o

maeRtuvaIaniaan 1aiiA cross-over analysis using T-test AMVUAANTEANATUNINATA

1
=

1 0.05 tauedayalugtluuuaening
aao o = o a Ao o '
nIaaaUN AR AAUTLLILTRLNa Uy aEs Bunuidnsnszaedayauuuly
Uns 1445 Wilcoxon-Signed Ranks test ANuuAALANATYN19ATIAN 0.05 tlausdasys

Tugtuunreenisna
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unN 4

NANISIAE

4.1 MSARLABNELINSINNITANLA

filelaanesafanlafunisaniaeniuialanln ancunnamans sw.ainasnsnd

:'// (] A =KX A a IS a | o
FOUATIUABUNINGIANTUABUND AANIEU W.A.2555 wazangyiiu 20 T 41w 35 318
A e 9 v Y ¥ o’/J o ng/l azdl o
wanaNAMaNRnMTinsAndn lFaNe 22 918 wazAneanyianun 13 9e tnaignAn
n38988NNAMANTRAINNUTINI9AREENTBINITANHILANLAIAIH HN19ZALUTITULS
. . 1 % ¥ 1 =2 = o” a dlv 1
(decompensated cirrhosis) 1 918l Taiaipslatdingannisdnen 1 918 Janasinnuisall
amnsnAuAN S 2 9e delilfifuntsulasuiavaniaanuniily online-hemodiafiltration 4

= | 4y - o 3 = | oy

218 WANLABANIUNIN catheter 5 318 LWRAEHIWINATINITAREN 22 918 TauLangusiae

1 v 1

FBNN9GNULLLARNIWIA 4 (block of 4 randomization) wiEdngann1sAnEeeniy 2
J I ! dl A 3 ¥ o” a :/, n:ll v 09/ a
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35 patients with maintenance
dialysis at Chulalongkorn Hospital

13 patients were exclude :

» 1 patient had decompensated cirrhosis

1 patient refused to enroll

2 patients had uncontrolled volume status

4 patients underwent high-flux hemaodialysis
5 patients used dialysis catheters
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A

Y

22 patients were
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Y Y
11 were assigned to 11 were assigned to
AF = AB AB > AF
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Demograghic Result
Sex, number (%)
Male 9 (40.9)
Female 13 (59.1)
Age, year, meantSD 58.95+15.35
Dry weight, kg, median+IQR 59.3+14.3
Body surface area, kg/mz, meanxSD 23.18+4.8
Etiology of end-stage renal disease, number (%)
Diabetic nephropathy 8 (36.4)
Unknown 4 (18.2)
Hypertension 3(13.6)
Chronic glomerulonephritis 3(13.6)
lg A nephropathy 2(9.1)
Chronic tubulointerstitial nephritis 1(4.5)
Obstructive uropathy 1(4.5)
Underlying disease, number (%)
Hypertension 20 (90.9)
Dyslipidemia 12 (54.5)
Diabetes mellitus 9 (40.9)
Ischemic heart disease 4 (18.2)
Cerebrovascular disease 4 (18.2)
Peripheral arterial disease 3(13.6)
Medication, number (%)
Statin 14 (63.6)
Dihydropyridine calcium channel blocker 13 (59.1)
Beta-adrenergic antagonist 10 (45.5)
Diuretic 7(31.8)
Aspirin 7(31.8)
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Demograghic Result
Medication, number (%)

Angiotensin Il receptor antagonist 6 (27.3)
ACE inhibitor 3(13.6)
Clopidogrel 3(13.6)
Trimetazidine 3(13.6)
Alpha-adrenergic antagonist 2(9.1)
Non-dihydropyridine calcium channel blocker 2(9.1)
Nitrate 2(9.1)
Cilostazol 2(9.1)
Hydralazine 0
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Characteristics Result

Number of dialysis sessions per week, number (%)

twice 6 (27.3)

thrice 16 (72.7)
Presence of residual renal function, number (%) 7(31.8)
Duration of dialysis, year, mean+SD 6.2+3.87
Type of vascular access, number (%)

Arteriovenous fistula 14 (63.6)

Arteriovenous graft 8 (36.4)

Vascular access flow, cc/min, mean+SD

Presence of access recirculation, number (%)

Presence of intradialytic hypotension in 1 year

Presence of intradialytic cramp in 1 year

Presence of intradialytic arrhythmia in 1 year

Presence of intradialytic low cerebral blood flow symptom in 1year
Baseline spKt/V in twice sessions/week, mean+SD

Baseline spKt/V in thrice sessions/week, mean+SD

Baseline urea reduction ratio, %, mean+SD

Baseline time average concentration of urea (TAC, ), mean+SD

Baseline normalized protein catabolic rate (nPCR), mean+SD
Baseline serum BUN, mg/dL, mean+SD

Baseline serum creatinine, mg/dL, mean+SD

Baseline serum sodium, mEqg/L, mean+SD

Baseline serum potassium, mEg/L, mean+SD

Baseline serum chloride, mEqg/L, mean+SD

Baseline serum bicarbonate, mEqg/L, mean+SD

Baseline serum calcium, mg/dL, mean+SD

686.39£258.89
0
19 (86.4)
16 (72.7)
1(4.5)
13 (59.1)
2.65+£1.05
2.33+0.3
85.12+4.21
31.74+£7.14
1.06+0.19
68.55+18.96
10.85+2.72
137.41£2.24
4.45x0.64
99.68+2.66
25.7+1.42
9.54+0.88
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Characteristics Result
Baseline serum albumin, g/dL, mean+SD 4.02+0.32
Baseline serum hemoglobin, g/dL, mean+SD 11.37£1.15

Baseline serum B2—microglobulin, mcg/L, mean+SD

Baseline serum aspartate transaminase (AST), U/L, mean+SD
Baseline serum alanine transaminase (ALT), U/L, median:IQR
Baseline serum alkaline phosphatase (ALP), U/L, mean+SD
Baseline serum ferritin, ng/mL, mean+SD

Baseline serum transferrin saturation (%Tsat), mean+SD

33,100+8,961
18.64£10.48
12.5+11
107.89+43.85
485.54+209.56
30.45+7.91
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Characteristics Result

Functional class (NHYA), number (%)

1 6 (27.3)

2 12 (54.5)

3 3(13.6)

Unclassified 1(4.5)
History of cardiovascular event, number (%)

Acute coronary syndrome 4 (18.2)

Arrhythmia 2(9.1)

Decompensated heart failure 3(13.6)
Presence of echocardiogram history, number (%) 18 (81.8)
Echocardiographic finding, number (%)

Left ventricular hypertrophy 4 (22.2)

Diastolic dysfunction 10 (55.5)

Regional wall motion abnormality 4 (22.2)

Valve defect 7(38.9)

Pulmonary hypertension 1(5.5)

Left ventricular ejection fraction, %, median+lQR 7010
Presence of coronary angiogram history, number (%) 6 (27.3)
Number of coronary arteries disease, number (%)

0 2 (33.3)

1 0

2 2 (33.3)

3 2 (33.3)
Presence of cardiomegaly by chest radiography 6 (27.3)
Presence of left ventricular hypertrophy by EKG 8 (36.4)
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Acetate
Acetate-free
Parameters based P value
n=22
n=22
Cardiac index at T, L/min/m®, mean+SD 2.67+0.65 2.57+0.47 0.381
Cardiac output at T,, L/min, mean+SD 4.49+1.37 4.25+1.07 0.201
Systolic blood pressure at T,, mmHg, 150.45+27.16 143.86+24.46  0.246
mean+SD
Diastolic blood pressure at T,, mmHg, 78.45+12.38  73.77+12.66  0.099
mean+SD
Mean arterial pressure at T,, mmHg, 102.45+15.43  97.13+14.96  0.142
mean+SD
Heart rate at T, bpm, median£IQR 69+14 72+8 0.043
Peripheral vascular resistance at T, 25.24+9.32 23.8245.92 0.301
mmHg-min/L, meantSD
P19197 4.5 memmq@mqﬁmﬂﬁﬁlmiﬁ@um@‘V\I@ﬂLﬁﬂmwi@m%\i
Acetate based Acetate-free
Laboratory P value
n=22 n=22
Blood urea nitrogen at T;, mg/dL, mean+SD 59.24+17.96 56.38+15.8 0.159
Serum creatinine at T,, mg/dL, mean+SD 9.68+2.67 9.49+2.65 0.082
Serum bicarbonate at T, mEg/L, mean+SD 24.44+2.94 24.24+3.57 0.803
Serum magnesium at T,, mg/dL, median+IQR 2.1£0.42 2.2+£0.3 0.295
Serum calcium at T,, mg/dL, mean+SD 9.49+0.82 9.53+0.65 0.801
Serum ionized calcium at T,, mmol/L, 0.43+0.21 0.37+0.11 0.166
mean+SD
Serum osmol at T,, mOsm/Kg, medianzIQR 306+15 306.5+10 0.757
Serum pH at T,, mean+SD 7.42+0.03 7.43+0.026  0.013
Hematocrit at T, %, mean+SD 34.16+2.62 34+2.88 0.669
Serum pro-BNP at T,, pg/mL, median£IQR 2,484+9,698  1,993+3,335 0.211
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Acetate based Acetate-free
Laboratory - - P value
n= n=

Serum CKMB mass at T,,ng/mL, median+IQR 2.16£2.01 1.77+1.55 0.230
Serum Troponin-T at T,, ng/mL, medianxIQR 0.056+£0.035  0.052+0.046  0.920
Serum hs-CRP at T, mg/L, mediantIQR 3.43+£9.85 2.88+7.17 0.263

Serum Lactate at T,, mmol/L, mean+SD 0.67+0.49 0.76+0.36 0.493

4.3 NANITANE
4.3.1 nssdasunilasuadAn cardiac index tHANLUNUAIAIAL
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y=-0.1578x+ 2.7999
R?=0.9747
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10 repeated ANOVA
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40R (0.48+0.21 fiu 0.43+0.18, p=0.457) A1 pH uaan1INanaenmsL 4 Talnalugaannan

o o

Lﬁﬂmﬁ-”wm%mﬂmﬂmnaz%mm:ﬁngmdﬁﬁﬁmﬁmﬂE-ifmﬁwqmm%mmﬂwﬁﬁmmmm
(7.46+0.02 fiu 7.47+0.03, p=0.017) uiaeelsfuriesfuLAaEaNLAY pH AuAnFNa
szwinaTingn 2 iadtnsagfinaniulimieeain

m'qum'w@mmmaﬁmﬂg‘juﬁma%uj FeszALindeus veadeuaz cardiac marker
LazAN ultrafiltration  MAR@ZANIzUAUNNINENLAER  IIWLFINAIINWANENTUDENIH

v v
TURNATUNNADATENINUNLYNADITUA



dl ¥ a e [ % A nlz
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Acetate based Acetate-free

Parameters P value
n=22 n=22

Blood urea nitrogen at T,, mg/dL, mean+SD 8.81+5.18 8.64+5.55 0.576
Serum creatinine at T,, mg/dL, mean+SD 2.00+1.02 1.96+0.99 0.183
Serum sodium at T,, mEg/L, mean+SD 134.86+£3.34  134.95+3.05 0.912
Serum potassium at T,, mEqg/L, mean+SD 2.8+0.2 2.79+0.24 0.779
Serum bicarbonate at T,, mEg/L, mean+SD 24.86+2.61 25.70+3.65 0.229
Serum magnesium at T,, mg/dL, mean+SD 1.88+0.11 1.8+£0.1 0.370
Serum calcium at T,, mg/dL, mean+SD 10.59+0.69 10.16+0.56 0.031
Serum ionized calcium at T,, mmol/L, 0.48+0.21 0.43+0.18 0.457
mean+SD
Serum osmol at T,, mOsm/Kg, median+lQR 284+7 28418 0.393
Serum pH at T,, mean+SD 7.46+0.02 7.47+0.03 0.017
Serum Lactate at T,, mmol/L, mean+SD 0.51+0.44 0.54+0.31 0.729
Hematocrit at T,, %, mean+SD 37.9+4.59 37.41£4.9 0.454
Serum pro-BNP at T,, pg/mL, median£lQR 525.5+2,124 485.5+878 0.357
Serum CKMB mass at T,, ng/mL, 2.32+£1.92 1.86+1.48 0.102
mediantIQR
Serum Troponin-T at T,, ng/mL, medianxIQR 0.032+0.076  0.031+£0.034  0.779
Serum hs-CRP at T,, mg/L, median+IQR 4.01+59.54 3.2+6.3 0.370
Kt/V, mean+SD 2.44+0.46 2.44+0.5 0.877
Net ultrafiltration, L, mean+SD 2.73+0.82 2.77+0.81 0.732

4.3.8 An1sslaauwilasuas hemodynamic parameter wazHansaaNIUasl)inn1g

FEWINNBURASURINANIABR (T,-T,) ifFaunauszuiniiandasain

ANT9ILALIULLA 9 hemodynamic parameter emiNAaULAzuaINaNAan (T -

T,) Wiaunauseudneinenansrila  waaslumnsen 4.7 wudivisnindasunilasaag

cardiac index, cardiac output, systolic blood pressure, diastolic blood pressure, mean

arterial pressure Wag peripheral vascular resistance 189075 M1Ne9sdee i ludaany
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wanANeiUateNdad AU eadA  (p=0.508, 0.112, 0.940, 0.979, 0.979 uaz 0.5
ANNATGL)
1 dl Y a o 1 1 [ =
ANsidasuulasIasNansaneesdinnisseudenaulasuasnaniaan (T,
= i o” a Adl 1
T,) Wrguinausend1sinanaessiln Lanalunns1en 4.8 nud1l5u1un1Iana1a9
a A 1 dl A v 09/ a 1 1 dl A v 09/
winidsslungunnaniaanfqeing1lAsnazmianNInndInguineniaanfaelingn
AxTLARRL1NNNEANATYNI9ADA (0.240.33 11U 0.35+0.3, p=0.002) AuLFUIUNITINNTL
al 1 dl A v 09/ a 1 1 dl =l v 091
raguaatdaNlunguneniaanfgtigesdinaNINNdInguAnantaansaeunen
UsAanazdinmasd 19l dud Aty eans (1.09+0.93 i 0.63+0.7, p=0.009) ludnuANY
1 1 dl a ome dl
wanseresAnsilasulaclunansalimnniseu

A1719% 4.7 wansA Tl aguulaseed hemodynamic parameter $EM9NABULAZHAINEN

inan (T,-T,) irauieussudeinggesdin

Acetate based Acetate-free P
Parameters
n=22 n=22 value
Cardiac index, L/min/mz, mean+SD ¢0_61i0_43 \Lo_54io_34 0.508
Cardiac output, L/min, mean+SD \1,1_2110_91 \1«0.9110.65 0.112

Systolic blood pressure, mmHg, mean+SD ~L10.81J_r38.64 \Lq 1.36+27.27 0.940

Diastolic blood pressure, mmHg, mean+SD \L4.5i16.11 \1,4_4111 128 0.979
Mean of arterial pressure, mmHg, mean+SD \L6_6J_r23_11 \L6_73J_r15_78 0.979
Peripheral vascular resistance, T5_77J_r7_28 T4_77J_r4_92 0.500

mmHg-min/L, meantSD
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1597 4.8 wasenisilanuulasesuansianistiesinnisseudnenaunazndsnan

iaan (T,-T,) Whauieusyninineaesaiio

Acetate based Acetate-free P
Laboratory

n=22 n=22 value

Blood urea nitrogen, mg/dL, mean+SD »L50.43i15.29 \1,47,74112,46 0.134
Serum creatinine, mg/dL, mean+SD ~L7.6712.08 \L7,534_r2,01 0.167
Serum potassium, mEg/L, mean+SD \1/1.5310.46 \L1,524_ro,54 0.959
Serum bicarbonate, mEg/L, mean+SD To_41¢2_91 T1.4613.7 0.130
Serum magnesium, mg/dL, median:lQR \1/0_210_33 \LO.SSiO.S 0.002
Serum calcium, mg/dL, mean+SD T1_09¢o_93 To,634_ro,7 0.009
Serum ionized calcium, mmol/L, mean+SD T0.05¢O.27 T0.0610.21 0.791
Serum osmol, mOsm/Kg, median+IQR ¢20_5i15 \1/22112,5 0.889
Serum pH, mean+SD T0.0420.02 10.04£0.04 0.918
Serum Lactate, mmol/L, mean+SD \1/0.1610.55 \LO.21iO.48 0.683
Hematocrit, %, mean+SD T3_75J_r3_7 T3,4¢3,5 0.610
Serum pro-BNP, pg/mL, medianlQR \111,99016,599 \L1,51412,580 0.140
Serum CKMB mass, ng/mL, mediantlQR T0.0?iO.ZS T0.0310.18 0.188
Serum Troponin, ng/mL, median£lQR \1/0.016510.02 \L0.0155¢0.02 0.944
Serum hs-CRP, mg/L, mediantlQR TO.15i0.76 T0.184_ro.7 0.445
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[ : .
439 wasidunnisilaeundasuas hemodynamic parameter WALHARSIANIG
nasljianisszuinanaunazuainaniaan (T,T,) tfFauiiauszuinaiieanaas
AUR
c @ s = . ] | o
iWafidusnisidasuilasaes hemodynamic parameter 28MINNNAULAZUAINAN
A al 1 OD a dl 1 :: 6 & 6
aan (T,-T,) Whauieusendnainegdastia  wanslun19199 4.9 wudnisdefidusnig
wlasuulasaes cardiac index, cardiac output, systolic blood pressure, diastolic blood
pressure, mean arterial pressure AL peripheral vascular resistance 289019 MU 8N
aavtin ldUAuuanFAeiued e llad1Atynea@ (0=0.611, 0.154, 0.846, 0.964, 0.896
WAz 0.298 ANNAAL)
waefidudnisidasuidasaesnansaanisiiesdjurnisseudnenanuazndanen
2 = ' 0” a dl | c & s
@en (T,-T,) wreunauseudnetngnaessia wanslua9199 4.10 wuddafidusnig
a A 1 dl A v 0” a 1 1 dl =
anasraakNnBdeNlungunnaniaenfqeinglsAanezdanNINNIINguaniaen
Aottnenasdinnaeluad1ATUNNAanA (10.26217.3 i1 16.23+11.99, p=0.039) &1
& R ] DR P o & a ' LA "
WefiduAnsiinauaueadEsn lunguinaniaansqeingasfnaNINNdInaunwaniaen

FoatnenilsAanasdinnatNaliEd1ATYNINANH (12.17£10.47 U 6.96+7.64, p=0.009)

1 1 U dl a o dl
1NWU ﬁQ’]NLLlFlﬂlFl’N‘lI‘ﬂ\‘iﬂ’]ﬂW?Lﬂ@HuLLﬂ@QIHN@m?Q@ﬂQU ANTTRU

A13797 4.9 wanaidesidusnisilasuulasaes hemodynamic parameter 22M3N9NAUUAY

waaaniaen (T,-T,) WEaLAeLsEnINtneNgasm e

Acetate based  Acetate-free P
Parameters
n=22 n=22 value
Cardiac index, L/min/mz, mean+SD \1/22.22112.49 ~L20.65i12.52 0.611
Cardiac output, L/min, mean+SD \L25,664_r14,38 »1«20.93113.84 0.154

Systolic blood pressure, mmHg, mean+SD \1/5,55123,01 ~L6.74i17.69 0.846
Diastolic blood pressure, mmHg, mean+SD \L4,214_rz1 76 \1,4_44115_19 0.964
Mean of arterial pressure, mmHg, mean+SD ~L4.96i21.55 »1«5.57115.84 0.896

Peripheral vascular resistance, mmHg-min/L, T26.7J_r35.03 T21.36i34.92 0.298

mean+SD
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F19799 4.10 wansitlefidusiniailasuulasesnansaanisiiastjifnisssudnenenuay

uasWaniaan (T,-T,) WEeuneusynIngtinedessiln

Laboratory Acetate based  Acetate-free P

n=22 n=22 value
Blood urea nitrogen, mg/dL, mean+SD »l/85.4616.15 »L85.31¢6 0.704
Serum creatinine, mg/dL, mean+SD \L79,634_r6,17 ~L79.7i5.88 0.844
Serum sodium, mEg/L, mean+SD \L1,2112,35 »L1.12¢2.62 0.879
Serum potassium, mEg/L, mean+SD »1«34.5616.31 »1«31.4&8.59 0.913
Serum bicarbonate, mEqg/L, mean+SD T2,594_r12,43 T7.46116.65 0.102
Serum magnesium, mg/dL, median+lQR »1«10.26117.3 »1«16.23i11.99 0.039
Serum calcium, mg/dL, mean+SD T12.17i10.47 T6.9617.64 0.009
Serum ionized calcium, mmol/L, median+IQR T1 1.25+60.47 T13.48i75.46 0.149
Serum osmol, mOsm/Kg, medianzlQR »1«6.7814.41 \L7_13J_r3_84 0.884
Serum pH, meanSD Tosss034  Toses052 0923
Serum Lactate, mmol/L, mean+SD \1/0,15910,55 \Lo_22i0_48 0.683
Hematocrit, %, mean+SD T11.01i15.28 T9.96¢10.36 0.587
Serum pro-BNP, pg/mL, meantSD »1«72.62112.81 \L72_6J_r12_28 0.986
Serum CKMB mass, ng/mL, mean+SD T5.92¢12.65 T2.6618.99 0.254
Serum Troponin-T, ng/mL, mean+SD \1«36.6711 1.98 ~L35.23i12.77 0.510
Serum hs-CRP, mg/L, meanzSD T5,884_r17,9 T10.29i16.12 0.320
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4.6 HaNSANHIRUUNAINNANE g
[~ = . 1 1 [ %
4.6.1 wasiduan1sidasuudaseas hemodynamic parameter SEUINABULATURY
Wanidan (T,-T,) iwFauiiaussuiniienaasaia lugilhaynidseanisanala
wefiduinnndaguuilasaas hemodynamic parameter $EUINNBULASARINEN
aan (T,-T,) whaumauszudnaienaesaiia luilienldszdalsaiala (ialanniaen,
= o = o Y a [ % = o o o :/l le
naamlaanialany, W lalfuinasa Lastraddsedfinineilania) auauiedu 8 e
dl 1 o’/’ o @ o dl . . .
WAAYIAN9197 4.11 wudniailefidusniaidasuulasaes cardiac index, cardiac output,
systolic blood pressure, diastolic blood pressure, mean arterial pressure Wag peripheral
vascular resistance 189015 Miinenvisaesaiin lidnnuuansteiued s lda d A neatia
(p=0.889, 1.00, 0.674, 0.889, 0.674 Laz 1.00 mm@"’]ﬁu)

A1519% 4.11 wdnaitefiduinnndasuuiiasues hemodynamic parameter 321979NBUUAL

waaaniaen (T,-T,) Weauiausendnaiengesainlugienidszdnlsaiala (n=g)

Acetate based Acetate-free P
Parameters

n=8 n=8 value
Cardiac index, L/min/mz, median+lQR \L22_3J_r31_78 »1«23.67110.39 0.889
Cardiac output, L/min, median£lQR \1,23_95131_33 ~L24.53110.4 1.000
Systolic blood pressure, mmHg, \L1 65+41.77 T0.73134.47 0.674
median+IQR
Diastolic blood pressure, mmHg, T5_31J_r5o_22 To,614_rz3,19 0.889
median+IQR

Mean arterial pressure, mmHg, median+IQR T2.18i48.61 T0.67129.15 0.674

Peripheral vascular resistance, T25.561126.19 T28.31126.7 1.000

mmHg-min/L, median+IQR

46.2 asidusnsilfeunilasuas hemodynamic parameter FEMANNNBULATUAT
wanvaan (T,-T,) Lﬂ‘%'smLﬁm_lizu’iwﬁyﬁmaawﬁﬂuﬁﬂmﬁL"ﬂuiﬁmmm'm
wesfuininasuuases hemodynamic parameter &WINNNAULAZUAINAN
aen (T,-T,) L‘]ﬁﬂuLﬁﬂu?zudwﬁ”ﬂmmwﬁmlm’gﬁwﬁLﬂu‘ﬂa‘mmm’wuf%mfmﬁ”ﬁ”u 9 918
LandluANa19R 4.12 nudalefifuinsnsunlasae cardiac index, cardiac output,

systolic blood pressure, diastolic blood pressure, mean arterial pressure WA peripheral
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vascular resistance 289017 Minenvisaesaiin lidanuuansteiuad 9 lda d Ay neatia

(p=0.678, 0.139, 0.314, 0.139, 0.260 LAz 0.594 ANNANFLI)

A1519% 4.12 wanadefidusinisilasuuilasnes hemodynamic parameter 3539 ULAZ

waaaniaen (T,-T,) Weaumeuszuinatienassia lugilbamiulsawnmau (n=9)

Acetate based Acetate-free P
Parameters
n=9 n=9 value
Cardiac index, L/min/m’, mediantIQR \L19.61i11.54 \L23.16¢21.17 0.678
Cardiac output, L/min, median+IQR \1/25,92112,95 »1«24.24125.96 0.139

Systolic blood pressure, mmHg, medianIQR \L17.10126.6 \L18,184_r39,76 0.314
Diastolic blood pressure, mmHg, \1/9,21119,59 »1«2.60133.5 0.139
median+IQR

Mean arterial pressure, mmHg, median+IQR »1«11.18122.43 »1«12.26137.45 0.260
Peripheral vascular resistance, mmHg-min/L, T22.73¢28.15 T16.19¢28.67 0.594

median+IQR

4.6.3 wafiFufnisilaaunilasuas hemodynamic parameter $EWINNNAULAZUAY
Wanidan (T,-T,) iwFauiiguseunniienaasaia lugilaaying ultrafitration = 3 ans
wafiduinnndasnuilasaes hemodynamic parameter $EUINNBULASARINEN
@an (T,T,) Whaumeuszndnatinanaesailn wgilaenng ultrafiltration > 3 &ng a1u0u
¥ J C X e o 4 o
AR 6 918 wandlum919n 4.13 wudnnaesiduinindasuutasues cardiac index,
cardiac output, systolic blood pressure, diastolic blood pressure, mean arterial pressure
2 v
WAz peripheral vascular resistance 284013 1N ieaetia llddAnuwanmnaiue el

WRANATUNNATA (p=0.463, 0.436, 0.075, 0.345, 0.173 WAz 0.116 ANNANAL)
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A1519% 4.13 wadnaiefiduinnndasunilasees hemodynamic parameter 321979NBUUAL

waaenaen (T,-T,) wsaunausenineineaaaiinlugilaeag ultrafitration > 3 ang

(n=6)
Acetate based Acetate-free P
Parameters
n=6 n=6 value
Cardiac index, L/min/mz, medianxIQR \1,26,79112,08 »1/25.3124.48 0.463
Cardiac output, L/min, medianIQR \L27,924_r11,18 \L26,124_rz5,25 0.436

Systolic blood pressure, mmHg, medianIQR \1/2,45125,79 »1«18.04125.48 0.075

Diastolic blood pressure, mmHg, \L5.04i14.87 \L1o,964_r10,76 0.345
mediantlQR

Mean arterial pressure, mmHg, median+IQR \1/3,92120,24 \L13,15i17,7 0.173

Peripheral vascular resistance, mmHg-min/L, T39.96130.07 T15.82¢27.15 0.116
median+IQR

464 asifusnsilfeunlasuas hemodynamic parameter FEMANNBUBAZWAT
wanidan (T,T,) Wiaumiauszwinaiengastin Tugilaaiifl cardiac index ray
Naniaan < 2 ARST/UNN/AT.LNAST

wesfuAnisuasuntlases hemodynamic parameter TEWINAAULATAAINAN
aen (T,-T,) LLE"EILILﬁﬂﬂﬁ‘zﬁdﬂﬂﬁ”’]ﬁﬂZﬁ'ﬂﬁ‘ﬁﬁﬂiuﬁﬂ')ﬂﬁﬁ cardiac index nauWaniaan < 2
ARTAUNT/RT AT SUIUTAL 7 38 uanalumsed 414 nudavailefidusnng
Lﬂ?]lmuuﬂmmm cardiac index, cardiac output, systolic blood pressure, diastolic blood
pressure, mean arterial pressure Waz peripheral vascular resistance yaans 1N e
aav1inldfAnuuansneiuadneldadAyn1eada (p=1.00, 0.866, 0.735, 0.176, 0.398

waz 0.499 ANNANAL)
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A1519% 4.14 uanaidefiduinnndasuuilasees hemodynamic parameter 3213N9NBUUAL
waaeniden (T,T,) Weaumeauszndnainanaesatn Tugiloani cardiac index naunan

wan < 2 ART/UNN/ATINAT (N=7)

Acetate based Acetate-free P
Parameters
n=7 n=7 value
Cardiac index, L/min/m®, median+IQR 318021725 046942547 1.000
Cardiac output, L/min, medianIQR \L20,834_r16,9 \L27.27123.81 0.866

Systolic blood pressure, mmHg, median+IQR »1«17.10126.19 »1«2.82130.94 0.735

Diastolic blood pressure, mmHg, \L1 1.65+18.43 \L2,90131 89 0.176
median+IQR
Mean arterial pressure, mmHg, median+IQR »1/11.18119.48 \L2.61i31.62 0.398
Peripheral vascular resistance, mmHg-min/L, T19.73122.56 T18.04i45.46 0.499
median+IQR

465 asidusnsilfeunilasuas hemodynamic parameter FEUANNNBULAZWAT
Waniaanm (T,-T,) Wisnfeusesudnstirengassin °lup§ﬂqaﬁﬁﬂez*3‘ﬁmmﬁu‘iaﬁm
ANgzuINaNIsNaniaan ludas 1 1l

wesfuininasuutlases hemodynamic parameter 7eUINAAULAZUAINAN
‘aan (T,-T,) Llréf;mLﬁﬂmwdﬂqfﬁmmmmﬁmiuﬁﬂfmﬁﬁﬂizﬁmmﬁui@ﬁmmmwdwmi
Wanidenlugae 1 T81u0wiaun 19 #8  wanslumsed 4.15 wudniaefidudnig
Lﬂ?}lﬂuuﬂmmm cardiac index, cardiac output, systolic blood pressure, diastolic blood
pressure, mean arterial pressure Waz peripheral vascular resistance yaanslHrinenma
aav1tinldfAnuuansneiuadneldadAun1eada (0=0.904, 0.184, 0.658, 0.376, 0.520

WAz 0.809 ANNATFL)
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A1519% 4.15 uadnaidefiduinnndasuuilasees hemodynamic parameter 321319NBUUAL
waaanaen (T,-T,) uhsuiauszudnathenaessin luiiaenilsedhnauaulaiinen

sruIanIsenden lgag 11 (n=19)

Acetate based Acetate-free P
Parameters
n=19 n=19 value
Cardiac index, L/min/m2, medianlQR \L11,614_r20,79 \L24,184_r20,36 0.904
Cardiac output, L/min, median+IQR \1/25,92122,15 »1«24.83124.66 0.184

Systolic blood pressure, mmHg, median+IQR \L11.68128.63 \L2.82127.74 0.658

Diastolic blood pressure, mmHg, \L7.06122.41 \L4,84J_rz5,86 0.376
medianxIQR
Mean arterial pressure, mmHg, median+IQR \1/5,254122,92 »1«4.42130.89 0.520
Peripheral vascular resistance, mmHg-min/L, Tos5063458 T2110:3063 0809
median+IQR

4.5 ANAZWNSNGDY
441 N12ANNAULANAANUTRAINIFURINIIEANNAULANAAN LUTEUININ1TNan
LADA

AuaugieniiniazpusulainanisaaIn1seIn1nzANAulainan lusEndng

7 v v
A A

nswaniaan 1w winda yae @eNunl AzAze WRsauszudeineiiaesaile (Lans
lup3199 4.17) wuanldf@anuuananeiuadatdad AN Nana (0=0.595)

-dl o 73N dld o a A [ %4 a
;13197 4.16 wansauauiilaenin1nzAuAulaiaANITaa N3N ATNALTATE

! N o a 09/ A
AN LUIENINNN1INaNIAeARNLUNANNTHATAINE e NLaan

Symptom Acetate-based Acetate-free
Fatigue 0 1
Cramp 0 1
Palpitation 1 0
Numbness 0 1
Dizziness 6 1
Hypotension 6 3
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;13197 4.17 wansauauileniniazanusiulaiinanisaainissasninzanuaulaiie

AnluszuInannnaniaen (p=0.595)

Acetate-based

~ — 593
Na1n1g lafans
Na1n1g 3 3 6
Acetate-free -
145a1n1s 6 10 16
TN 9 13 22

4.4.2 msiiefuRangARUAINTadlurNzHaniaan

anaruanihalunsAneaisunn 22 998 n1sWaniaeniaung 44 A wuan

a a v o = o = v o ¥y = o
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uUNN 5

’ﬂﬁﬂ‘i’lﬂNﬂLLﬂgi’ﬂ Ldualue

5.1 @gUnan1sae
A v aa o= a al/ 7N d’j o dld
nisaniaendogdseaulaldlulaesWamsdulufioalnoaBessndenimag
panneanlaani1lduna nanidantdsdanazdma bd ANl s Tl luwdinis§ne
= = a :/J 1 = o % d” o
wwigsnnaesrzuL ivanaulainialugiuaasnna nisn lunistdusireananuiiiaiala
= v A 1 = o dl % a 1
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Tasanisiaeatiuda
(Protocol Synopsis)
1. Galasanis
msAnsiauifisunisasuulanBunsideniguineanainiala (Cardiac

Index and Cardiac Output) 1nuzWeniaan ugilaelnaneizasa seudnanisnenioe

o” = 1 a og/ a A a [~ ] v ada e
mmﬂummmemzmmmmmmeLﬂumuﬂizﬂ@ummﬁﬂﬂui@uaiu

Tnarilaimnsdis

UNNEATINNNAITI0 AI TN AR

do me
3. ADUNNTIAE

wiaelsals Anszunmaans 1asnsniuuanaat

ANSUIANINANST 14 1 ADUZUNNEAIARS TW.9WNaIN30T
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4. SLUZINANININITINE
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5. ADNNARE/ I Lsraed
o o A 1% 09/ A dl a o o
ANDNNUAN : AsenReAsEingINeNIARANU T AN TIAAINITDINEITAL
snmsiaannguanaanainiiala (Cardiac Index and Cardiac Output) lutlaelnane
& gy A 2 v .o I @ g = ;
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o I 1% 091 A dl 2 o o
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6. sUuLLNNIIRE

Double-blinded randomized controlled crossover study

7. UszannsiiFneuazau afe a7 Az unna Anans AN TRINUIN AT
- dszanadlvane
filhelannedesaitlisumenideniaeiaeeulaElulaeziliamsdu
- AUNARIDEN
22 AU
8. HARSUTT A AT iuasianisi s
fhewenideniUnAanesdinadliduiesuinemenidenialy ualdd

1 v £
wanluiiesuny Inguunean Mautuansinisiila dialysate flow rate U3vNTUNaUTneN

Waniaanini
Acetate-Free Acetate-Based
Sodium (mEg/L) 138 138
Chloride (mEg/L) 109.8 108.8
Calcium (mEqg/L) 3.0 3.0
Magnesium (mEg/L) 1.0 1.0
Potassium (mEq/L) 2.0 2.0
Glucose (mg/dL) 100 32
Bicarbonate (mEg/L) 32 32
Acetate (mEqg/L) 0 3.0

Citrate (mEg/L) 2.0 0
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13. aDAR AR

ANOVA for 2x2 crossover design A"5UAN cardiac index, cardiac output, MAP,
SBP, DBP, HR and laboratory data waz Mann Whitney U test #1151 clinical assessment
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2L AUNEIANATUNNATAN P-value <0.05
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Protocol 948l Visit 1

Visit #1

PR

54
o

AURNDU

a2 v
LTHAY

N

© ® N o o b~ w0 N

—
o

a o

W.NuAISTAU review tazAnaswanidentasiitlaglaifien swaniiite enroll ftlanfid inclusion criteria Atuazlsifl exclusion criteria
W.nuadsTUERLEna waids nedhades dureunidauazinamsTesiunainaAfiasRniuliiazdininaAsuis
Wfdninisadudeluludugendinianeiasy

w.numiimﬂuﬁﬂ%zﬂﬂﬁﬂﬂ, co-morbid condition, current medication, hemodialysis profile Wa lab profile aﬂuLLu‘]JWﬁNmiﬁ'uﬁﬂ%@Ha
Hidinsnain§uazlEFuns randomize i1 lrien A vide B Tu 1* session

wmmaﬁw%ﬁwéquﬁﬁﬂiﬂﬂﬁﬁwﬁﬂ, e unzilszifiu hydration status HatiFises BCM

W.NNAIFTTUNANTUN set optimum dry weight

wentnaThfdindauistunaduile hemodialysis ELuimdNﬁﬁﬂmi@mﬁaﬂﬂfa‘zmm 20 cc A1n blood line &4 lab

WENLNA7IN1349A BP, HR waz CO, Cl finaases The Transonic Flow-QC Hemodialysis Monitor uaztiufinaslunuuneiunisiufindeyaludes “Guau”

. W.NNAITTAUATWENLIAINTTU monitor vital sign uazra1n1saesidingaeids windanuRadnfnsdulifuiinuasinnisuiila

N

WENLNa7IN134A BP, HR, UF waz CO, CI faeiAses The Transonic Flow-QC Hemodialysis Monitor uaztiufinasluuuunaiunistuiindeyaludes au.y1”

WNNATTULASWENLNAIINTU monitor vital sign uazaIn1s1eiindaadae windanuiadninaduliiuiinuazionisufila

WELNR1NIN139A BP, HR, UF wag CO, Cl fiasiasad The Transonic Flow-QC Hemodialysis Monitor LL@zﬁuﬁﬂ@ﬂul,l,uml@§;Jmﬂ_‘|"uﬁﬂ°ﬁmgu@5lwﬁm “ofigy. N2

W.NNAITTUUASWENLNATINW monitor vital sign uazaIN1s2edindudae windanuiadnanatulitiuinuazionisuily

WENUNAYINN34A BP, HR, UF wag CO, CI faeesas The Transonic Flow-QC Hemodialysis Monitor uaziiuinaslunuuneiunistiunindesyslutdes “au.yn3”

W.NNAITTUUASWENLNATINW monitor vital sign uazaIN1s1ediindaudas windanuiadnanadulituinuazionisuily

WeNLNa7IN1349A BP, HR, UF waz CO, Cl feiezas The Transonic Flow-QC Hemodialysis Monitor uaztiuinasluuuuaiunistiuiindeyalutdes “an.n4”
W.NNRITTURASWEILNATINTIW monitor vital sign UaraIN1suedinganide vndanuiadnfnadulituinuazianisule

W.NNRITTUABLDNEINIANYATE “Clinical assessment” waziiufin Wiexrisliinenuiataaanaidanain blood line 10 cc iiaas lab HeAuUgM 14.914
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Protocol 948l Visit 2

Visit# | a4 dunau
2 Gudu | 1. wnumasea review uamiswenidenniieuiegindidoymerlniaiy
2. Tu2" session finsnisuazlifumalasuiemendenlfuansneann 1* session
3. wmmaﬁﬂE}L%équﬁf{ﬂiﬂ%ﬁwﬁn, Andinge unzilszidi hydration status Hatissas BCM
4. W.NNAITTUNANTUN set optimum dry weight
5. wmmaﬂwﬁjﬁw’wﬁé@Lmuﬁmﬁla hemodialysis sluiwdwfjﬁwmi@,mﬁ'amﬂsxmm 20 cc 21N blood line &4 lab
6. WENLNANIN13IA BP, HR waz CO, Cl Bne1Lea4 The Transonic Flow-QC Hemodialysis Monitor uaztiufinasuuuuneiunianiuindeyaludes “BNHW
7. WANRITTUMASWENLNRIITL monitor vital sign kazeNAs1esEdinianAs winflauBadnAnatulidinuasiinsuiile
1 1. WENUNANINNTIA BP, HR, UF wag CO, Cl 5%1,@?'@\1 The Transonic Flow-QC Hemodialysis Monitor LL@Zﬂ/uﬁﬂ@ﬂul,Lu‘LIW@ﬁr‘ﬂm'}ﬁ‘ﬁuﬁﬂ:ﬂm;‘l‘ﬂiu‘ﬁﬂﬂ “ofpl 11"

2. W.NHRITTUWRSNENUIAIINTU monitor vital sign wazaINsresEidinganian mnfiavudaUnAfiatulivtuinuazianisufle

2 1. WENLAnINN9dA BP, HR, UF wag CO, Cl foeieidas The Transonic Flow-QC Hemodialysis Monitor uaziiufinaslunuuweaunisiiufindesyaludes “au.yi2”

2. W.NHRITTUWRSNENUIAIINTYL monitor vital sign wazeIN71etEidindanias vndiavwiaUnAfiatulituinuazianisufle

3 1. WENLNAYNNN93m BP, HR, UF waz CO, Cl finiesas The Transonic Flow-QC Hemodialysis Monitor uazifufinasluuuuneiunisiuiindeyalutes “gs. 13"

2. W.NNRITTUWRSNENLNATINTYL monitor vital sign wazaINsresfidinsasiae winflavudaUnffiatuliivuiinuasiinisufle

4 1. WeNUIAINN9IA BP, HR, UF waz CO, Cl fagiases The Transonic Flow-QC Hemodialysis Monitor uaziiufinasluuuunaiunistiuiindiayalutes “ax. 74"

2. WNNAITTURASWENLNIATINTU monitor vital sign waza1N13109E1dNd14% vnHipaniaUnAfsauliuiinuazinnisuiila

3. W.NNRITTUABLNINBINIANIES “Clinical assessment” waztiuinwiansisliinanunadianmiaanain blood line 10 cc 1iaa lab laduagn 1. 14
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1. Hypotension, Cramp, Dizziness, Nausea, Vomit, Numbness
e inUF
® JmV/S, 1Ay DTx WAaY lab serum Ca, ionized Ca, Mg, electrolyte, O2 saturation
®  Notify . ﬂumﬁmmmmmmﬂﬂﬁ mﬁ'ﬂﬂmﬁuﬁﬂqa
® 1N HR > 100 9198 HR < 60 14111 EKG 12 leads liunndilszifiu
® %n DTx < 100 1% 50% glucose IV push 50 cc i
o venwileanTlfidusunsssiueung
2. Chest pain
® ilpUF
® 4@ V/S, 02 saturation, 1a1 DTx, cardiac biomarker Way EKG 12 leads

° Notn‘ywﬂmrmmwml,wmwaﬂlné’ﬁ mwwivmumﬂw

3. Shock, cardiac arrest
®  Off hemodialysis #uf
®  Oxygen support (Canula, mask with bag)
® stnglnend resuscitation
® Notify W. ﬂmrmmmmmmwﬂﬂﬂﬁﬁ mﬁlfa resuscitate
® JnV/S, O2 saturation 1Az DTx WA lab serum Ca, ionized Ca, Mg, electrolyte, cardiac
biomarker iLlaz EKG 12 leads
® %n DTx < 100 1% 50% glucose IV push 50 cc i
4. Hypopnea (RR < 12 saNNUNBING poor tissue perfusion)
® 1ilpUF
®  Oxygen support (Canula, mask with bag)

° Lm?‘ﬂmﬂﬂﬂ?ﬂiresuscitation

b

® Notlfy N. ﬂN@’)i‘ﬁ‘m%ﬁ“ﬂLL‘W‘VlﬂV]@ﬂlﬂ ﬁ ﬂL‘W‘ﬂﬁWW?MW intubation
® Jm /S, O2 saturation ta1z DTx Waz lab serum Ca, ionized Ca, Mg, electrolyte, cardiac
biomarker Llay EKG 12 leads
o o & \ A 9 Y A o Y v o = e a & o M
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1 A I'e o KX v
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= o a o = o - . o PR
AIN mﬂaﬂfaﬁmﬂmf;umsnﬁ@u;ummummu shock #198 cardiac arrest maﬂmﬂfm@@nmn

= o s Ao & N
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