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Solute

1-methylad:
1-methylgu
1-methylinc
ADMA mg
a-keto-8-gu
a-N-acetyla
Arab(in)ito
Argininic a
Benzylalcol
B-guaniding
B-lipotropir
Creatine m,
Creatinine .
Cytidine ug
Dimethylgl
Erythritol #
y-guaniding
Guanidine ,
Guanidinoz
Guanidono
Hypoxanthi
Malondiald

Mannitol m

Methylguar
Myoinosito
N N*-dime!
N-acetyley!
N*-methylas
Nt-threonyl
Orotic acid
Orotidine n
Oxalate mg
Phenylacet)
Pseudourid
SDMA pgl.
Sorbitol myg
Taurocyam
Threitol ug
Thymine m
Uracil ug/L
Urea g/L
Uric acid
Uridine mg/.
Xanthine my
Xanthosine ;

Abbreviatic
ADMA, asym

median.

*Cyax values are original data (all other values were calculated as mean + 2 SD based on C)

Table 3. Middle molecules (¥ = 22)

Kidwey fniernational Vid, 83 (30031 g, TO34L 7043

Salute

Adrenomedullin ng/L

Atrial natriuretic peptide ng/L
Br-microglobulin mg/L
B-endorphin rg/l
Choleeystokinin ag/l

Clara cell protein {CC16) myg/L
Complememt factor D mg/L
Cystatin C mg/L

Degranulation inhibiting protein I'
Delta-sleep inducing peptide pg/L
Endothelin ng/L

Hyaluronic acid g/l
Interleukin-18 ng/L
Interleukin-6 ng/L

w-Tg light chain mg/L

A-Ig light chain mg/l.

Lzptin ug/L
Methioning-enkephalin ng/L
Neuwropeptide Y ng/L
Parathyroid hormone pg/l
Retinol-binding protein mg/[.

Tumor necrosis factor-a mg/L

Abbreviations are: Cs, normal concen
The underlined numbers behind the sl
ne data about the number of samples w
a single value as a maximum (accompan

Moy values are original data (all ot

*8 Schmaldienst, Vienna: personal ce

‘ Degranulation inhibiting protein 1 co

.;Il.ll:l e ’.J.HIL

Abbreviations are: Cu, nOMMal COMCENL e, oy
CMPF, 3-carboxy-4-methyl-3-propyl-2- furanpropionic acid; AGE ‘advanced glycation end pmducls The underlined numbers

Table 7. Solutes to be considered for the future

1-alk yl-2-formyl-3,4-glycosyl-pyrrole
2-(2-fuoryl}-4{5)-(2-furany1)-1H-imid azole
3-deoxyfructosone

3-hydroxykinurenine

4-hydroxynonenal

Advanced oxidation protein products (AOFPP)
Advanced glycation end products-B;-microglobulin
Anthranilic acid

Br-microglobulin fragments

Cadaverine

Crossline

Dimethylamine

Guanaosine

Imidazolone

Malonaldehyde

Malondialdehyde

Methylamine

W'-carboxyethyllysine

Organic chloramines

Oxidized low-density-lipoprotein {oxLDL)
Parathyroid hormone fragments

Pyrraline

Pyrrole aldehyde

Trimethylamine

BEEa wnrEEMARTES My MAK] PO

ﬁeiilnd the niash”

Group

Peplides
Peptides
Peptides
Peptides
Peptides
Peptides

Peptides
Peptides
Peptides
Peptides
Peptides
Cytokines
Cytokmes
Peptides
Peptides
Peptides
Peptides
Peptides
Peptides
Peptides

Cytokines

rel, reference.
indicates that
in the case of

Ty LTI L]

sef, reference;

pu.::'mt to the number

of data on which the means or medians have been obtained. No underlined number indicates that no data about the number of samples were available. Normal

values are reported as means * 5D, or in the case of a single value as & maximum {amompamcd by <}; uremic values are reported as means = 5D.
“Cyay values are original data (all other values were calculated as mean + 2 5D based on C).

means oF medians nave DEen UDLIINEU. YU UAIUCTINEY DUITIOET UWIGHEVES UGEL TG UR LY @URIUL LIS BEUIUIGT ul BAMPICY WOIT dVElIAUIT, (VUL YOGS dIS ISPRITIeU as
means + SD, or in the case of a single value as a maximum (accompanied by <}); uremic values arc reported as means = 5D or, in the case of a single value, as a

L L

Review on uremic toxins: Classification, concentration, and
interindividual vanamiity
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Kt/V jreq (clearance of urea multiplied by dialysis duration and
normalized for urea distribution volume) was first proposed as
a parameter of dialysis adequacy in a period of worrisome
mortality on dialysis in the USA. After the randomized
National Cooperative Dialysis Study had demonstrated that a
higher time averaged urea concentration was related to higher
hospitalization,! Kt/V,., emanated from a post hoc mechan-
istic study on the same data.® The threshold of this absolute
value was originally set at 0.8 but soon was increased to 1.2 or
higher. With the introduction of Kt/V ., adequacy of dialysis
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raised the question whether Kt/Viye, can grasp all effects of

modern dialysis in all its variants and also which potential
pitfalls skew its interpretation.

THE CONCEPT OF KT/Vygea IS BASED ON A TYPE OF DIALYSIS
THAT IS OFTEN NO LONGER APPLIED

Urea kinetic modeling was developed when hemodialysis was
ﬁpp]ied almost r;y:;teln.’.llic:ﬁ]]y three times wee]»‘.]y with small
pore cellulosic dialyzers causing substantial inflammatory
reaction. Moreover, the session length of this dialysis

was usually short, and as Kt/V,., was conceived in the US

"urea

Kidney intemational (2015) BB, 460-455

mini review

even shorter (mostly 2.5-3h) than what was standard
elsewhere (4 h).

Since then the dialysis concept has changed markedly, with
many alternatives to standard, by the introduction of large
pore high-flux dialyzers, convective strategies such as
hemodiafiltration, extended dialysis, and frequent dialysis,?
which all have been shown to better remove molecules with

proven biological impact and/or result in better outcomes.’

The question arises whether Kt/V ., is still representative for
the kinetics of solutes preferentially removed by these
alternative strategies, which usually have no added value for
the removal of urea in contrast to their impact on the

elimination of many other solutes.

Definition of the kKinatic model — mass balance per compartment

Gy B

3

V. C,

G, E,

ah .«

21
IV, C Ky 1

“d(V,Cy) )
=G, - By — [Kg+ Kp+Kgg Gy

+K,, *C,-C,)
div,C,)

=G,- E,—K;, +{C, - C))
at 2~ 2T P2 |

"“"—-—LKER |
J

e
v

Figure 1| Basic principles of kinetic modeling. Uremic solute is
primarily removed from the plasmatic compartment by dialysis
causing a fast decrease in its concentration. Only once this plasmatic
concentration starts to decrease sufficiently, concentration in the
extra-plasmatic compartment can also decrease, based on a diffusive
concentration gradient. Cy and C, solute concentration in Vy and Vy;
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From adequate to optimal dialysis Long 3x 8 hr
dialysis: a reasonable compromise

B. Charm
Centre de R in Areific izl d e Tas=in, Framce.

Table IV, Standardized Mortality (SMR) vs USRD

Calendar year O E* death SMR p value

-~ Py = o000 A comparison of Taszin mortality to the onby avai-

1390 14/42,4 0,33 <0001 lable long-term Fanch serias of 4.5 hr HD r:apn:::-rt:ad
1991 18444, 7 < 0,001 )
L 15446, 1 < 0,001

1203 13/47,7 : . IDwer (52 4 vs. 9 deaths per 1,00C pt-yrs, p o< 0, DDH

AEE 0/50,3 \ < 0,007

1955 23/57 <0001 Thare was no difference in specific {infection, car-
1995 Z7/56,4 < 0,001
1907 15145, <ooo1  2er, of others) causes of death between the 2 se-

1o e Soor  Cles odt of TV mortality wh chowas much lower on

2000 K Tra 0,007 " : -
2000 el o long 4D (9.8 w 44.6 CV deaths per 1,000 pr
202 31/75,33 < 0,001 . < 10,0017,

2003 BT, 6 < 0,001

* 2WE = obsevedfe: pected deaths.
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ESTABLISHED IMN 1812 DECEMEBER 9, 2010 VOL. 363 MO, 24

In-Center Hemodialysis Six Times per Week
versus Three Times per Week

The FHM Trial Group®

RESULTS
Patients in the frequenthemodialysis group averaged 5.2 sessions per week; the week-
ly standard KoV _ (the product of the urea clearance and the duration of the dialysis
session normalized to thevohime of distribution ofurea) was significantly higher in the
frequent-hemodialysis group than in the comventional-hemodialysis group (3.54+0.56
ve. 24040 27). Frequent hemodialysis was associated with significant benefits with

respect to both coprimary composite outcomes (hazard ratio for death or increase in
'eft ventricular mass, 0.61: 959% confidence interval [CI], 0.46 o 0.82: hazard rato for
death or a decrease In the physical-health composite score, 0.70; 955 CL 0.53 to 0.92).
Patients randomly assigned to freguent hemodialysis were more likely to undergo
interventions related to vascular access than were patients assigned to conventional
hemodialysis (hazard raco, 1.71; 95% CI, 1.08 o 2.73). Freguent hemodialysis was
associated with Improved contral of hypertension and hyperphosphatemia. There were
no significant effects of frequent hemodia'ysis on cognitive performance, self-reported
depression, serum a'bumin concentration, oruse of erythropoiesis-stimu! ating agents.




original article http:/fwww ki dney-international org

& 2011 International Socety of Mephrology

The effects of frequent nocturnal home hemodialysis:
the Frequent Hemodialysis Network Nocturnal Trial

Michael V. Rocco', Robert 5. Lockridge Jr?, Gerald J. Beck®, Paul W. Eggers®, Jennifer J. Gassman®,
Tom Greene”, Brett Larive’, Christopher T Chanﬁ. Glenn M. Chertow”™®, Michael Copland”, Christopher D
Hoy', Robert M. Lindsay'’, Nathan W. Levin'*, Daniel B. Ornt'*, Andreas Pierratos'*, Mary F. Pipkin®,
Sanjay HajagﬂpaIaHS. John B. Stokes'®, Mark L Unruh'’, Robert A, Star” and Alan 5. Kligurw. and

the Frequent Hemodialysis Network (FHN) Trial Group'™

% of subjects
&
|

HR=1.58
aEes O (0,97—3.64)
P=00s

0.0 0.2 0.4 0.6 0.8 1.0
Follow-up (years)




The MEW ENGLAND JOURJAL of MEDICINE

ORIGINAL ARTICLE

Long Interdialytic Interval and Mortality
among Patients Receiving Hemodialysis

Robert M. Foley, M.E., David T. Gilbertson, PF.Dr., Thomas Murray, b.5.,
ard allan J. Collins, M.D.

Table 2. Annualized Maortality and Cardiowascular-Hospitalization Rates.

%% of Patientz

Ewvent with Event
Owerall
Death
All causes* 41.1 124 (12.3-12.%)
Cardiac cause 17.4 F27I-21)
Wasaular cause 27 2011-13)
Irfadion 4.3 221012123
Other cause 1a.3 A (7.2-7.4)
Spedfic causesy
Cardiac arrest 2.4 A (1010
Crialysiz withdrawal 4.3 Se-21)
tlyecardial infardion 10,3 & (4543
Septicernia 2.3 0(0.9-1])
Strole 15 70608
Cardigvasaular hospitalization
Myocardial infardion 20 4.2 [4.1-4.4)
Congestive heart faiiure 33.1 188 (18.4-122
Strole 7.1 3.3 (32-3.5)
Crysrhythinia 258 13.41013.3-13.9)
Any cardiovasoular evert 458 288 (28.3-20.3)

Rate per 100 Perzon-tr (95% CI)

Event Ooourred on Day after 2.Day Interdialptic Intereal

ez

221 (212-23.0)
102 [2.5-10.8)
12 [1.0-1.9)
252229
82 (7.5-8.7)

13 [11-1§)
20(1.7-2.3)
6.3 [5.8-6.8)
12 [10-1.4)
0.7 [0.5-0.9)

289 [28.7-31.1)
47 (4.3-5.1)
203 (12.221.9)
44.2 (42 7-45.8)

Mo

120 (17.7-18.

75 (7.3-7.7)
21113
21022
2 (7075

003113
5 [1.8-2.1)
4 [4.2-4.5)
0 2.2-1.1)
7[0.5-08)

=
e

(3.7-4.0

aa-1

-

=4

14

an
]
]

313033

110 10 E-11.
10,7 (19.3-20.0) =0.001

Fvgiue

4 <2.001
<2.001
0
0007
0.001

0004

0.8
piags el

0.08

4
g

&
]
]
[t

3
0,001
B <0001

# Al deathis were assigned to one of the four broad groups of causes listed.
1 The five most frequently reported individual causes of death are listed.




High-Efficiency Postdilution Online Hemeodiafiltration
Reduces All-Cause Mortality in Hemodialysis Patients

Francisce WMaduell* Francesc Moreso,” Mercedes Pons,* Rosa Rames,® Josep Mors-hacia,!
Jordi Carreras,Y Jordi Soler,™ Ferran Torres, ™ Josep M. Campistal *
and Alberto Martinez-Castelao ** for the ESHOL Study Group

*Maptrokegy Departme=nt, Hospital Clinic, Barcabona, Spain; Thephrology Departrrent, Hospilal Unisersitari all
d'Hebmon, Baro=lona, Spain; 1"CEI'IRE!‘-'I-L, Barcalona, Spain; sl'bq:-i':ulﬂm Artonio Abad, Yilanoea il Gelru, Spain;
Ires=nius Medical Care, Grincllers, Spain; Tiaverum Baix Llobregat, L'Hogpitalet, Licbregat, Spain; “*Fres=nius
M=dical Care, Baus, Spain; T Bicstatistics Unit, School of Medicine, Universitat Auténoma d= Baroslana, Banoelona,
Fpain; HE betatistics and Dt Managermeant Flatlorm, IDIBAFS, Hospital Clinic, Bame kona, Spein; and ¥ hephrokegy
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H“’J-:L_Z]‘Lh..._. c

T s v, TN

g

| T OL-HDF
-h""l- H

"“'F--h-..i_“ i L L S

Log -rank p-vale: 0.010

Survival Probability

18 24 30 36

Follow-up (months)

HD 450 388 27 275 235 196 165
1l <HIMF A5F AT 1A R4 rar) 200 179

Figure 2. KaplanMeisr curves for 3&-month survival in the intention-to-treat pop-
ulation [F=0.01 by the log-rank test. HD, hemodialysis
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When different thresholds of Kt/V,.., were compared in
controlled trials, increasing its value above standard did not
impact survival,™" suggesting that the upper limit of improving
outcomes based on this parameter had been reached. This



The Mew England Tournal of dMedicine

EFFECT OF DIALYSIS DOSE AND MEMEBERAMNE FLTTH
IN MAINTEMAMNCE HEMODIALY SIS

GeRARED ERMOVAM, M0 ERAID J. BECE, FH.D., ALFRED K. CHEUNG, M.D.. JOHM T. Doudroes, WD,

ToM GREEME. PH.C, JOHH WY, FUSER PH.C, MICHeEL ALLOM, MWD, JamEs Belley, M.D., JamMEs A. DELMEE, M.D .
THOmMoes A DePHER, ML, JOHAMMA T. DWwAER, D52, R.D. AMDREW S, LEVEY, M.D., hoaTHaM W, LEWIM, W.D,
EDGer MILFORD, ML, DoMEL B. ORHT, W0 PMICHeEL Y. ROCCO, ML.D., GERALD SCHULMAM, M.D
STEVE J. ScHwol, WD, BREMDWM P. TEEHAM, M.Cr., aMD RORERT TOTD, ML
FOR THE HEMODIALYSIS (HEMC) STUDY CROUP*
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THE EVIDENCE OF THE TOXICITY OF UREA IS LIMITED
To the best of our knowledge, only a few experimental studies
point to a toxic effect of urea at concentrations currently
observed in uremia. D’Apolito et al. 10 found that urea induced

the generation of Radical Oxygen Species (ROS) and insulin
resistance in vitro and in mice. In an in vitro study, Vazri

et al.'! showed disruption of the intestinal epithelial barrier
function by derangement of tight junctions. Trécherel et al.'?
explored regulatory proteins of apoptosis and showed an
upregulation of Bcl2-associated death promoter, a pro-
apoptotic protein.

The clinical equivalent to these experimental suggestions is,
however, scanty. Adding urea to the dialysate up to concentra-
tions two to three times higher than usual in dialysis patients

induced no consistent changes in uremic symptoms.'? Increas-

ing urea removal in controlled trials had no impact on hard
14

clinical outcomes.>” An observational study by Koeth et al.
found an association with mortality of homodtrulline, a marker
of carbamylation to which also urea is supposed to contribute.
However, the concentration of urea was only modestly
correlated to that of homocitrulline, with an R* of 0.14,
suggesting that other factors than urea were more important for
homocitrulline generation and its association to death. In

addition, urea by itself was not related to mortality.'*
Thus, urea, in spite of its everyday application as marker of
dialysis adequacy, has rarely been assessed for its toxicity and

up till now has not been proven in clinical studies to affect
outcomes. Its choice as a marker cannot really be supported
by robust biochemical or clinical arguments. However, even if
urea would be a recognized toxin, there remain questions

about the representativeness of Kt/ V.,

for the removal of

other uremic retention solutes.
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original article

o 2005 Intemmational Socety of Maphaology

Evaluating a new method to judge dialysis treatment
using online measurements of ionic clearance

EG Lowrie', 2 Li', W Ofsthun' and M Lazarus'

'Eresenius Medical Care (MNarth America), Lexingtan, Massachuserts, US54

Ef Lowsrle et al: Evaleating Kt targets

original article
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Figure 2 |Risk profiles for Kt. Four levels of statistical adjustment ars
showen: unadjusted Unadji W), case mib adjusted (O Adj T), case
mudx and BSA adjusted (CM and BSA: A), and BSA adjusted [BESA: &)
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Figure 3 | Risk profiles for the URR. Four lewvels of statistical
adjustmeant are show e unadjusted Unadic W), case mix adjusted §CM
Adi O), case mix and BSA adiusted CM and BSA: Al and BSA
adjusted [BSA: &)l The hazard ratios are comparsd to a comman
reference decile [Ref) for sach analbsis and the probahbility that sach
ratio 5 not different from its reference value s shown by a symibaol
mear the ratio: *P<0001, *P<005, and ¥ P< 00100 Mo symbol means
mat differant (P = 0100
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using online measurements of ionic clearance
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Kt como control v seguimiento de la dosis en una

unidad de hemodialisis

F. rAaclu=sll, P, Wera, N, Serra, . Collado, M. Carrera, A Fermandesz, R Arias, PN Blasco, E. Bergada,
S Cases w 1 ME Carmpistol

e e Permodosgia. MHosmdrad Ciines Barcaedorns

Mlafinolosgiz Z00E; 28 (1) A4=2-Aa7

Tabla Il. Diferencias entre la dosis prescrita y |a alcanzada segun las diferentes recomendaciones

Dosis prescrita Dosis alcanzada Pacientes cumplen % de pacientes gque cumplen

Kt =13 1.3 1,58 £ 0.5 =3 100%
PRLI = 70% 70 7927 46 %

Kt=d45L 45 Chex14 40 78%

Kt Mujeres = 451 L3412 35
Hombres = &L EE G+ 14

Kt seqan ASC Shex 14 29

minima presarita, con 4.6 £ 3.4 L menos de dosls. Conclul-
mos que el seguimlento de la dosls de dialisis con el Kt, per-
mite una mejor discriminaclén de la adecuacién de diallsls,
ldentiflcando entre el 30 vy el 40% de paclentes gque quiza
no alcanzasen una dosls adecuada para su genero o para su
uperficle corporal.




Kt como indicador de calidad en el
area de prescripcion en hemodialisis

Kt éptimo ASC, %

M. Molinay cols. Nefrologia 2010;30(3):331-336
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% patients reaching Kt and'or Kt targets

L%

1.4

IIL -:nn-::.lu_l:inn. ‘t].'lt E.-&'.-‘ EIIl‘l?EI._E-: -I:lf mnrlitnrjng ﬂ'l.t -d-l:ls-: 1.-'.I:i.t].'l. Xt and o1 accamplishimest  efYW accomplishmant K% ot £t accomplshim et {e800 not Hhpsther €% or oAV

Y jrctead R’t.-“i-”u that thic mathod identifies 25 5% of F-cEI.ﬁEI.'ltE accom plshnan) accomglidmant) atcornplishimeng

whao did oot r=ach the minimum £ whil= a{,]]j_-:'l;j_]_'lg X1 Thic 3URE 1: Percentage of patients achiswin g the mirdmum prescibed «Ktandfor Kt (@ = 32575).
difference ic particularly =vident in women, in patients with a
lowr body weight, and in those with wenous central catheters.
The routine ne= of £t ic recommendad in all patisnts whao are
routinely diabyzed with ID monitors. Although thers ic =Hll a
lack of scientific =videnc= on the e of £, now sseme the
right time to prepare for a chanpe. The percentape of HD
machinee providing £t hac increased in the last fow wears and
comld probably reach nearly 100% in the net fewrpears, There-
tore, the ime ic dpe for sdies mich ag our owm to rethind
doz= monitoring and for prospedive studize to d=fine and wali-

date the minimnm £} recommendations.
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In conglusion, current recommendations for monitoring the dialysis dose with Kt
ndividualized for B5A have been validated in this prospective study in the current
Spanish dialysis population, and the dose is predictably associated with death and
nospitalization risk. Prescribing an additonal 2 L or more of the current KX
ndividualized for BSA could reduce the rsk of mortality, and an additional & L or

more could reduce the risk of hospitalization.
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Reduces All-Cause Mortality in Hemodialysis Patients
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other uremic retention solutes.

THE KIMETICS OF UREA ARE NOT REPRESENTATIVE FOR
OTHER SOLUTES, OF WHICH TOXICITY IS BETTER
DOCUMENTED

Basic principles of kinetic modeling

(Figures 1 and 2) The concept of dialysis kinetic analysis lays at
the origin of urea kinetic modeling."> The basic principle is the
mirror image of pharmacokinetics, where the distribution
pattern ofa drug_ ﬂlruug_}mut the |)UL1:|:" to reach the most remote

compartments is studied after the plasma concentration rises

Kidney [nternationd (2015) B8, 450465

Small water soluble compounds
The question has been raised whether urea as one of the small
water soluble compounds would have similar kinetics as other
solutes with the same characteristics, such as the guanidino
compounds, which have a well-documented biologic (toxic)
impact.!® However, when their kinetics were compared,
distribution volume was definitely different and mostly larger
for the guanidino compounds as compared with urea, giving
rise to less efficient removal.'® Those mathematical findings
were C()rrul)(."rﬁled I):r f_l."r."re."r."ri[]g_ i vive concentrations U‘l—

vuanidino compounds in erythrocytes, the most easily

461

R Vanholder et al.: The last days of Kt/V?

mini review
Calibration of the kinetic model by fitting on in vivo data 4
Post dialysis
recound
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Figure 2| Graphic illustration of the changes in solute
concentration during dialysis that are reflected by kinetic studies.
The diamonds illustrate real-life in vivo measurements of solute

bound toxins. In a study comparing high-flux hemodialysis
with peritoneal dialysis, hemodialysis was more efficient for
the removal of both urea and p-cresol, a surrogate for the
sum of p-cresol conjugates.’® However, this better removal
by hemodialysis was translated only in lower circulating
concentrations for urea. For p-cresol, in contrast, the
concentration was lower with peritoneal dialysis, exactly
opposite to what could be expected from the clearance
values.”® This discrepancy was confirmed in at least one other
study”” and suggests that, apart from removal adequacy,
solute concentration in dialysis patients may be the
consequence of other, non-dialysis phenomena;*® those are
unlikely to be grasped entirely by Kt/V., a simple formula
assessing the kinetic pattern of one single molecule.



Osteocalcin and Myoglobin Removal in On-Line Hemodiafiltration
Versus Low- and High-Flux Hemodialysis

Francisco Maduell, MD, Victor Navarro, MD, M2 Carmen Cruz, MD, Eduardo Torregrosa, MD,
Daniel Garcia, PharmD, Victoria Simon, PharmD, and Jose Antonio Ferrero, PharmD

American Journal of Kidney Diseases, Vol 40, No 3 (September), 2002: pp 582-589

Solute Reduction ratio (%)

Urea Creatinine  Osteocalcin B2-m Myoglobir

s o
.- P
ind

60 113 5800 11800 17200
Molecular Weight (dalton)

LF-HD mHF-HD mOn-line HDKEReinfusion volume: 26.8 |

*p< 0.01 versus LF-HD & p<0.01versus HF-HD
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Serum B,-microglobulin level is a significant predictor of mortality
in maintenance haemodialysis patients

Senji Okuno', Eiji Ishimura®, Kaori Kohno!, Yoko Fujino-Katoh!, Yoshifumi Maeno!,

- - - 7 - - - - 7
Tomoyuki Yamakawa', Masaaki Inaba® and Yoshiki Nishizawa?

'Kidney Center, Shirasagi Hospital and Osaka City University Graduate School of Medicine, Osaka, Japan

Conclusion. These results demonstrate that the serum p,-M
level 1s a sigmificant predictor of mortality in haemaodialysis
patients, independent of haemodialysis duration, diabetes,
malnutrition and chronic inflammation, suggesting the clin-
ical importance of lowering serum p2-M 1n these patients.

Association between Serum f3,-Microglobulin Level and
Infectious Mortality in Hemodialysis Patients

Alfred K. Cheung,*" Tom Greene," John K. Leypoldt,™* Guofen Yan,5 Michael Allon,!
James Delmez, T Andrew S. Levey,** Nathan W. Levin,™ Michael V. Rocco,#*

Gerald Schulman,’ and Garabed Eknoyan!l! for HEMO Study Group

Clin | Am Soc Nephrol 3: 69-77, 2008, doi: 10.2215 /CJN.02340607

Conclusions: These results generally support the notion that middle molecules are associated with systemic toxicity and
that their accumulation predisposes dialysis patients to infectious deaths, independent of the duration of maintenance
dialysis.
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Confounding factors in the assessment of delivered

hemodialysis dose

ANTONIO SANTORO

Malpighi Nephrodogy and Dialvsis Dhvision, Policlinico 5. Orsola-Malpighi, Bologna, ffaly

Confounding factors in the assessment of delivered hemodialy-
sis dose. A satisfactory dialysis patient’s outcome results from
an effective and personalized therapy. However, the higher
the prescribed efficiency, the more likely it is that the prescribed
dose 15 incorrectly administered. Avoiding discrepancies be-
tween the prescribed and delivered doses calls for a continuous
surveillance, from urea Kinetics to urea biosensors. An unexpect-
edly low efficiency result may affect several patients or may
just be limited to the individual patient. An inadequate calibra-
tion of blood and dialysate pumps or manufacturing defects in
blood tubings or needles may be responsible for a more diffuse
phenomenon. The most frequently detected factors in the indi-
vidual patient are poor vascular access, recirculation. decreases
in dialyzer performance and insufficient anticoagulation. How-
ever, urea removal per se is not enough to satisfy all the assump-
tions underlying an adequate dialysis therapy. Indeed. dialysis
adequacy is achieved by way of a complex combination of
numerous elements transcending urea removal alone: acidosis
correction, the achievement of dry body weight, fluid and elec-
trolyte homeostasis, good blood pressure control, overall bio-
compatibility, anemia and malnutrition correction, and finally,
a customized schedule together with treatment duration.

The guestion of what actually constitutes adequate
dialysis for uremic patients 1s a controversial and debated
issue within the dialysis community [1-4].

The first point in discussing dialysis adeguacy concerns

physiological role. The toxicity might be due to the syner-
msm of specific toxie effects when several components
are brought together. However, the absence of any reh-
able and unmiversally acceptable markers has prevented
the standardization of dialysis therapy unitill urea was
elected as a marker of patient outcome [6]. This choice
has been ratified by the National Cooperative Dialysis
Study [7], which assessed the role of the blood urea
nitrogen concentration along with the length of the dial-
ys15 sess10n as parameters of the adequacy in long-term
dialysis therapy. Nowadays, some evidence has confirmed
these early insights, and 1t has been suggested that the
dialysis patient’s outcome may be related o dialysis dose
and nutritional status [8].

In terms of dialysis dose, the response 15 usually moni-
tored by means of urea kinetic modeling (UKM) and
elficiency-related quantities: (1) The Ot, caleulated as a
product of the blood Qow rate and the treatment time,
represents the total blood volume cleared during the
dialysis session. (2) The Kit, a product of instantaneous
clearanee and treatment time, indicates the absolute de-
puration achieved during the treatment. (3) The KtV 15
a dimensionless index reflecting how the achieved depur-

atwm i _adanted 1o the individual nanient, with V' beine
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