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Abstract. Some of the morbidity associated with chronic heafiltration than for high-flux hemodialysis. The increased urea
modialysis is thought to result from retention of large mole@nd creatinine removal did not result in lower pretreatment
ular weight solutes that are poorly removed by diffusion iserum concentrations in the hemodiafiltration group. Pretreat-
conventional hemodialysis. Hemodiafiltration combines coment plasmg3,-microglobulin concentrations decreased with
vective and diffusive solute removal in a single therapy. Thene (P< 0 0.001); however, the decrease was similar for both
hypothesis that hemodiafiltration provides better solute rtkerapies (P= 0.317). Pretreatment plasma complement factor
moval than high-flux hemodialysis was tested in a prospectivig,concentrations also decreased with tifrRe{0.001), and the
randomized clinical trial. Patients were randomized to eithdecrease was significantly greater with hemodiafiltration than
on-line postdilution hemodiafiltration or high-flux hemodialy-with high-flux hemodialysis® = 0.010). The conclusion is
sis. The groups did not differ in body size, treatment timéhat on-line hemodiafiltration provides superior solute removal
blood flow rate, or net fluid removal. The filtration volume into high-flux hemodialysis over a wide molecular weight range.
hemodiafiltration was 2% 1 L. Therapy prescriptions were The improved removal may not result in lower pretreatment
unchanged for a 12-mo study period. Removal of both smallasma concentrations, however, possibly because of limita-
(urea and creatinine) and larg@,{microglobulin and comple tions in mass transfer rates within the body.

ment factor D) solutes was significantly greater for hemodi-

Identification of B,-microglobulin as the precursor of amyloidwas severely limited by the need for large volumes of sterile
deposits in long-term hemodialysis patients (1) has focussdbstitution solution. The development of systems that use
attention on the need for renal replacement therapies tlsajuential ultrafiltration to prepare sterile substitution solution
remove solutes with molecular weights in excess of 10 kDBn-line from water and concentrate (4) has removed the tech-
Solutes of this size are not removed by conventional hemodical constraints to clinical implementation of hemodiafiltra-
alysis, and their removal by diffusion through high-flux hemation. However, there have been few reports of controlled clin-
dialysis membranes is also limited. In 1975, Henderson aruél trials that examine the putative therapeutic advantages of
colleagues (2) demonstrated greatly enhanced removal of hitfis therapy. Therefore, we compared hemodiafiltration with
molecular-weight solutes by convection through highly perméigh-flux hemodialysis in a prospective clinical trial.

able membranes. This process, which became known as hemo-

filtration, involved infusion of a large volume of fluid into the Materials and Methods

blood entering the filter and its subsequent removal by ultrgtydy Design

filtration. Although hemofiltration provided good removal of This study was a single-center, prospective, randomized compari-
high-molecular-weight solutes, it was less efficient than hemeon of postdilution hemodiafiltration and high-flux hemodialysis.
dialysis in removing small solutes, such as urea. This limitatieratients who had been treated previously by conventional or high-flux
led to the development of hemodiafiltration, a hybrid theragyemodialysis at the Neuried KfH dialysis center were paired on the
that combined the convective clearance of hemofiltration witsis of body size, existing treatment time and blood flow rate, and
the diffusive clearance of hemodialysis (3). Initially, the abi”ty)redialysis serunB,-microglobulin concentration. Patients from each

to perform hemodiafiltration under routine clinical condition®ar were randomized to either hemodiafiltration or high-flux hemo-
dialysis and followed for 12 mo as described below. During the first

6 mo, additional patients were recruited to replace any patients who

_— withdrew from the study.
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and informed consent was obtained from all patients before théiations of electrolytes, urea, and creatinine were determined by
enroliment in the study. routine clinical laboratory methods.
B,-Microglobulin and Complement Factor D. Removal of3,-
microglobulin was determined at 6-wk intervals. The pre- to post-

Hemodiafiltration and High-Flux Hemodialysis treatment reduction in plasm@,-microglobulin concentration was

Postdilution hemodiafiliration was performed using a specificallgalculated using a posttreatment concentration corrected for hemocon-
designed system incorporating on-line preparation of substitution @@ntration according to Bergstrom and Wehle (7). The clearance of
lution (AK 100 ULTRA, Gambro, Lund, Sweden) as described pre8,-microglobulin was calculated using the method of Leypeidal.
viously (4). Briefly, blood is passed through a high-flux filter, wherd8). Pretreatment plasma concentrations of complement factor D were
it is subjected to dialysis with ultrafiltration at a rate in excess of thaletermined at entry to the study and after 26, 39, and 52 wk of
required to achieve the patient’s dry weight. Fluid balance is maihemodiafiltration or high-flux hemodialysis using an enzyme-linked
tained by infusing sterile, nonpyrogenic substitution solution into tigymunosorbent assay (9). Pre- to posttreatment reductions in plasma
venous blood line. The substitution solution is derived from ultrapug@mplement factor D concentration were also determined after cor-
dialysate by passing it through a single-use ultrafilter immediatefgcting the posttreatment concentration for hemoconcentration using
before its infusion into the venous blood line. The dialysate is préie method of Bergstrom and Wehle (7). However, care must be taken
pared by proportioning ultrafiltered water, liquid acid concentrate, afid interpreting these results because residual heparin interferes with
liquid bicarbonate concentrate made on-line from a dry powder cdhe assay for complement factor D in the posttreatment sample (R.
tridge. This dialysate is then rendered ultrapure by passage througbeppisch and W. Beck, Hechingen, Germany, personal communica-
second ultrafilter. The water supplied to the AK 100 ULTRA fottion, April 3, 2000), possibly because of binding of heparin to factor
preparation of dialysate and substitution solution met the Germ&n(10).
microbiologic standard of less than 100 CFU/ml and less than 0.25Anemia Control. Hemoglobin and hematocrit were determined at
EU/ml of endotoxin. The dialysate contained 138 mmol/L sodium, @-wk intervals using routine clinical laboratory methods. All patients
to 4 mmol/L potassium, 1.75 mmol/L calcium, 0.5 mmol/L magnereceived recombinant human erythropoietin. Erythropoietin doses
sium, 32 mmol/L bicarbonate, 3 mmol/L acetate, and 1 g/L glucosegere changed as required to maintain a hematocrit in the range of 30

The present study used filters containing 1.7 af polyamide to 36%.
membrane (Polyflux 17/17S, Gambro). During the first 6 mo of the Quality of Life. The patients’ assessment of their quality of life
study, filters were sterilized with ethylene oxide (Polyflux 17); therewas determined after 26 and 52 wk of the study using the Kidney
after, they were steam-sterilized (Polyflux 17S). At entry to the studpisease Questionnaire (11). (The questionnaire was not administered
the ultrafiltration rate for each patient was set at 25% of the patienbefore entry into the study because a German language version of the
blood flow rate. The ultrafiltration rate was then increased until tHgstrument was unavailable then.) The Kidney Disease Questionnaire
rate that provided a stable transmembrane pressure of 200 mmHg determines quality of life in five dimensions: physical symptoms,
found. That ultrafiltration rate was used in all subsequent treatmerf@tigue, depression, relationships with others, and frustration. A single
unless monitored transmembrane pressures indicated that a chdnggviewer administered the questionnaire to all patients.
was needed to keep the transmembrane pressure from exceeding 200
mmHg. The AK 100 ULTRA was set to prepare 500 mi/min ofStatistical Analyses
dialysate. Actual dlalysaFe flow rate§ were rgduced bglovy 500 ml{mln Changes in measured variables with time were assessed by re-
by the flow rate of substitution solutlop. Typical substltutllon SO'““‘"E)eated measures ANOVA, with the mode of treatment (hemodiafil-
flow rates ranged from 65 to 85 ml/min, so that actual dialysate floaion or high-flux hemodialysis) as a between-subjects factor. Al
rates during hemodiafiltration ranged from 415 to 435 ml/min.  gadistical testing was performed using the SPSS statistical package

High-flux hemodialysis was performed using a dialyzer containingesion 8.0 for Windows, SPSS Inc, Chicago, IL). The multivariate
1.4 nf of steam-sterilized polyamide membrane (Polyflux 14S, Gand4tistic used was the Pillai's Trace. Data are presented as mean
bro) and a dialysate flow rate of 500 ml/min. SEM for n observations.

Other aspects of the patients’ therapy prescription did not differ
between the two groups. Treatment times and blood flow rates, whi
were individualized for each patient, were unchanged from those'i esults . ) o )
use before entry into the study and remained unchanged throughodfOrty-four patients were randomized to hemodiafiltration or

the 12 mo of the study. Anticoagulation was achieved using a loadiRigh-flux hemodialysis at the start of the study. Six additional
dose and constant infusion of heparin. Net fluid removal was set onpatients were subsequently recruited to replace patients who
individual basis according to the patient’s clinical need. withdrew from the study during the first 6 mo. Eleven of the 50
patients did not complete 12 mo of study. Three patients
) ] withdrew from the study because of worsening hypertension
Data Collection and Analysis and a marked increase in BP from pre- to posttreatment after
Electrolytes, Urea, and Creatinine.Predialysis concentrations of he initiation of hemodiafiltration. In these three patients, the
sodium, potassium, calcium, phosphate, bicarbonate, urea, and crg@é—rage pretreatment BP increased from 156/86 mmHg before

inine were measured at 6-wk intervals. Single-pool KKY and o intg the study to 173/93 mmHg in the month before their
eKt/V were calculated from pre- and posttreatment urea concentra

tions according to Daugirdas (5) and Daugirdas and Schneditz ( |’thdrawal from the study; postdlalys_ls BP as high as .240/120
respectively. Creatinine removal was estimated as the reduction'h"H9 were observed. The worsening of hypertension was,
serum creatinine concentration from pre- to posttreatment. Pretrd3@Wever, limited to these three patients. Excluding these three
ment blood samples were drawn immediately after access necR@lients, there was a slight but nonsignificant decrease in
insertion. Posttreatment samples were drawn from the arterial bigagedialysis mean BP over the course of the stuRly=(0.103),
line 20 s after decreasing the blood flow rate to 80 ml/min. Concewthich was independent of the mode of therapy= 0.937)
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(data not shown). Again excluding the three patients witlafiltration group (286 5 ml/min versus281 = 4 ml/min)
worsening hypertension, the change in mean BP from pre-dnd slightly less than those prescribed in the high-flux hemo-
posttreatment was also small, did not differ between the twdialysis group (269+ 5 ml/min versus274 * 6 ml/min).
groups (P= 0.969), and did not change over the course of thictual blood flow rates did not change with time, but the
study (P= 0.404) (data not shown). The other eight patientifference between groups was significadtf 0.022). Weight
who withdrew from the study did so for reasons unrelated smd body mass index did not differ between the groups, and
the mode of therapy. These patients withdrew because naither changed over the course of the study. Net fluid removal
transfer to another facility (three patients), death (two patienta)jeraged 2.7 0.2 kg in the hemodiafiltration group and 2.9
renal transplantation (one patient), apparent hypersensitivity$00.2 kg in the high-flux hemodialysis group and did not
the polyamide membrane (one patient), and prolonged accelBange over the course of the study or differ between the two
problems that prevented compliance with the study protoagloups.
(one patient). Five of the 11 patients who withdrew from the
study (4 from the hemodiafiltration group, including the Electrolytes, Urea, and Creatinine
patients who withdrew because of worsening hypertension, anddverage pretreatment concentrations of electrolytes for the
1 from the high-flux hemodialysis group) did so within 10 wkwo groups are presented in Table 2. Pretreatment serum con-
of entering the study. These five patients are not included in tbentrations of sodium, potassium, inorganic phosphorus, and
following analysis and presentation of data, which is based oalcium did not differ between the groups. There were statis-
24 patients in the hemodiafiltration group and 21 patients in thieally significant changes in the pretreatment serum concen-
high-flux hemodialysis group. trations of sodium, potassium, and calcium over the duration of
Details of the two patient groups and their therapy prescrifie study; however, the magnitudes of these changes were very
tions are presented in Table 1. Before entering the study, gmall and of no clinical significance (data not shown). Pre-
patients had been treated by either high-flux (18 hemodiaftteatment serum bicarbonate concentrations were significantly
tration and 16 high-flux hemodialysis patients) or low-flux (Gigher in the hemodiafiltration group than in the high-flux
hemodiafiltration and 5 high-flux hemodialysis patients) hdiemodialysis group (R< 0.001); however, the magnitude of
modialysis. The two groups did not differ with regard tdhis difference was independent of the duration of the study
gender, age, duration of previous dialysis therapy, weightf = 0.275).
body mass index, treatment time, or blood flow rate. Five Single-pool Kt/\,.., for the hemodiafiltration group was
patients in the hemodiafiltration group and three patients in te@gnificantly higher than for the high-flux hemodialysis group
high-flux hemodialysis group were diabetic. Four patients, tw@.58 = 0.09 versus1.39 + 0.09, P = 0.020). Results for
in each group, had some residual renal function (averagkt/V were similar (1.37= 0.08 versus1.21 = 0.07,P =
creatinine clearance, 3.1 ml/min [range, 2.7 to 3.6 ml/min]) &023). At entry to the study, pretreatment serum urea concen-
entry to the study. The remaining patients had urine outputations were significantly higher in the high-flux hemodialysis
less than 150 ml/d and were considered to have negligilgeoup than in the hemodiafiltration group (= 0.017). The
residual renal function. magnitude of this difference did not change during the study
Actual treatment times did not differ from those prescribeP = 0.372).
and were unchanged throughout the study. Actual blood flowPre- to posttreatment reduction in serum creatinine concen-
rates were slightly greater than those prescribed in the hemi@tion was significantly higher with hemodiafiltration than

Table 1. Patient demographics and treatment prescriptions

Hemodiafiltration (n= 24) High-Flux Hemodialysis (= 21)

Gender (M:F) 15:9 14:7
Age (yr) 61+3 52+ 3
Cause of ESRD GN (6), HTN (4), DNS (3), IgA nephropathy GN (9), PCKD (5), DNS (3), Balkan nephritis

(3), PCKD (2), amyloidosis (1), urolithiasis (2), reflux (1), unknown (2)

(1), pyelonephritis (1), unknown (3)

Duration of dialysis (mo) 47+ 9 638 = 16
Weight (kg) 66.7+ 2.9 66.6+ 2.8
Body mass index (kg/f) 22.9+ 0.8 22.7+ 0.7
Treatment time (min) 247+ 3 251+ 6
Blood flow rate (ml/min) 281+ 4 274+ 4
Ultrafiltration volume 21*+1 29+t0.2

L°

2DNS, diabetes; GN, glomerulonephritis; HTN, hypertension; PCKD, polycystic kidney disease.
b Prescribed filtration volume after maximization based on transmembrane pressure (see text).
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Table 2. Average predialysis serum electrolyte, urea, and creatinine concentrations over the 12-mo study period

Hemodiafiltration High-flux hemodialysis

(n = 24) (n = 21 P
Sodium (mmol/L) 139+ 1 139+ 1 0.238
Potassium (mmol/L) 5.8+ 0.1 58+ 0.1 0.740
Calcium (mmol/L) 2.30+ 0.02 2.28+ 0.03 0.616
Inorganic phosphorus (mg/dl) 48+0.2 49+ 0.3 0.767
Bicarbonate (mmol/L) 21.3+ 0.3 19.6+ 0.3 <0.001
Urea (mg/dl) 143+ 5 162+ 5 <0.001
Creatinine (mg/dl) 9.7+ 0.4 115+ 0.4 0.005

2P values indicate the significance of the difference between hemodiafiltration and high-flux hemodialysis.

with high-flux hemodialysis (64+ 1 versus60 = 1%, P = 0.317), despite the apparent difference in removal of
0.007). Pretreatment serum creatinine concentrations, whjgkmicroglobulin.

were higher in the high-flux hemodialysis group than in the Pretreatment plasma complement factor D concentrations
hemodiafiltration group at entry to the stud® & 0.005), decreased significantly during the study/€ 0.001; Table 3).
decreased significantly during the stud®/< 0.001); however, The magnitude of the change depended significantly on the

the decrease was similar in both groups= 0.565). mode of therapy (B= 0.010); hemodiafiltration was associated
with a 21% decrease in concentration after 12 mo compared
B>-Microglobulin and Complement Factor D with a 13% decrease with high-flux hemodialysis. Hemodiafil-

Hemodiafiltration effected a greater removal @f-micro- tration was associated with a significantly greater pre- to post-
globulin than did high-flux hemodialysis as indicated by #&eatment decrease in plasma concentration of complement
significantly higher pre- to posttreatment change in plasnfiactor D than was high-flux hemodialysis (336% versus—2
concentration (73+ 1% versus58 = 1%, P < 0.001) and = 8%, P < 0.001). However, as indicated earlier, these latter
clearance (61 1 versus38 = 1 ml/min, P < 0.001). Pre- data must be interpreted with caution because of uncertainties
treatment serumB,-microglobulin concentrations decreaseih determining the posttreatment concentration.
during the study (P< 0.001) and were slightly but signifi-
cantly lower in the hemodiafiltration group than in the highAnemia Control
flux hemodialysis groupR = 0.045; Figure 1). However, the Neither hematocrit (3G: 1% for both groups) nor hemo-
decrease in pretreatment plasamicroglobulin concentra globin (10.3+ 0.2 g/dlversus10.4+ 0.2 g/dl for hemodiafil-
tions with time did not differ between the two therapi®= tration and high-flux hemodialysis, respectively) differed be-

tween the two groups at entry to the study. Moreover, there was
no change in hematocrit or hemoglobin over the course of the
r study (P= 0.307 for hematocrit an® = 0.360 for hemoglo-
40 bin). Because dosing patterns of erythropoietin varied from
I patient to patient, changes in erythropoietin dose were assessed
on the basis of the total weekly dose of erythropoietin received

30 by each patient, regardless of the route or frequency of admin-
:W istration. Overall, the average weekly dose of erythropoietin

SERUM B,-MICROGLOBULIN (mg/L)

20 -
I Table 3. Predialysis plasma complement factor D
i concentratiorts
10
F : Hemodiafiltration High-Flux Hemodialysis
7 Time (wk) (n = 24) (n = 21)
o 0 10.4+ 0.5 9.5+ 0.6
4 10 16 22 28 34 40 46 52 28 9.2+ 0.5 8.6+ 0.5
TIME (weeks) 46 7.1+ 0.4 9.1+ 0.7
52 8.0+ 0.6 8.2+ 0.6

Figure 1. Pretreatment serum concentration @microglobulin in

patients who were treated with hemodiafiltratio®) (and high-flux  apretreatment concentrations decreased significantly during the
hemodialysis (w). Pretreatment serum concentrations decreased sigdy (P< 0.001). The decrease was significantly greater for the
nificantly during the study (P< 0.001); however, this decrease dichemodiafiltration group than for the high-flux hemodialysis group
not depend on the choice of theragy € 0.317). (P = 0.010).
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increased slightly but significantly over the course of the studgllow-up periods and filtration volumes of up to 60 L have
(3250 438 to 3577+ 500 U/wk,P = 0.031). However, this failed to lower pretreatmens,-microglobulin concentrations
increase was independent of the mode of ther&py (0.123). below 18 to 20 mg/L (14,22,23). Additional studies Bj-
microglobulin kinetics during highly efficient therapies are
Quality of Life needed to determine the point at which intrabody mass transfer
The patients in both groups had similar perceptions of thdegins to limit B,-microglobulin removal. Increasing,-mi-
quality of life as assessed by the Kidney Disease Questionnaireglobulin removal beyond that point will not result in lower
(Table 4). The patients’ assessment of their physical symptoserum ,-microglobulin concentrations unless treatment time
showed a significant improvement during the course of the frequency is also increased (21). Support for the importance
study (P < 0.001); however, this increase did not depend anf increased frequency and treatment time over clearance
the mode of therapy (B 0.230). None of the other dimensionscomes from a recent report by Ref al. (19), who switched
of the Kidney Disease Questionnaire showed a change over plagients from conventional thrice-weekly high-flux hemodial-

course of the study. ysis to nocturnal hemodialysis six nights per week with smaller
surface area dialyzers and lower blood and dialysate flow rates.
Discussion Over 9 mo, they observed a reduction in mean pretreatment

The results of this study confirm the experience of otheerump,-microglobulin from 27.2 mg/L to 13.7 mg/L.
investigators that routine on-line hemodiafiltration can be per- Failure to find a difference in pretreatmegy-microglobulin
formed safely in a large group of patients for an extendewncentration between high-flux hemodialysis and hemodiafil-
period (12-14). Our results also show that hemodiafiltratidration may also result from greater than anticipated removal of
provides superior solute removal to high-flux hemodialysi8,-microglobulin by high-flux hemodialysis. In practice, high-
over a wide range of solute sizes for blood flow rates in tHtux hemodialysis represents a form of hemodiafiltration by
range of 250 to 300 ml/min. virtue of the internal filtration and back-filtration that can occur

The improvement in solute removal with hemodiafiltratiofn a dialyzer. Back-filtration flow rates are estimated to be up
was relatively small for urea and creatinine; however, it may lie 30 ml/min (24). Thus, back-filtration may generate 7 to 8 L
helpful in treating large patients who tend to have a lowef filtrate and substitution fluid flow within the dialyzer in a
delivered Kt/\,., than patients with a smaller body size4-h treatment, in addition to net fluid removal. That back-
(15,16). The difference in solute removal between the groufiération in high-flux hemodialysis yields comparabBz-mi-
was more marked foB,-microglobulin. However, this appar- croglobulin removal to hemodiafiltration at low filtration vol-
ent difference in removal did not result in lower predialysismes is suggested by the observation of Lorabsl. (25) that
plasma concentrations with hemodiafiltration compared wiiB,-microglobulin removal with hemodiafiltration did not ex-
high-flux hemodialysis after 1 yr of treatment. The pre- taeed that with high-flux hemodialysis until substitution fluid
posttreatment change in concentration of a solute is a goaslumes exceeded approximately 10 L.
indicator of removal for solutes distributed in a single pool that This study and others fail to show an advantage for hemo-
includes plasma. A substantial rebound in plagggamicro- diafiltration over high-flux hemodialysis in terms of serum
globulin concentrations, postdialysis, has been reported (13>-microglobulin concentrations. However, it should not be
20), suggesting that a single-pool model is not adequate doncluded from these data that hemodiafiltration is without
describeB,-microglobulin kinetics, particularly in the face ofbenefit in terms of removing large-molecular-weight solutes.
efficient removal of3,-microglobulin. In this case, the pre- toComplement factor D is a 24 kD protein involved in regulating
posttreatment change in concentration will overestimate acttia¢ alternative pathway of complement. Serum complement
B>-microglobulin removal (21). That intrabody mass transfdactor D concentrations are increased in chronic renal failure
rates limit B8,-microglobulin removal is supported by the re{26), and at these elevated concentrations it enhances activity
sults of other hemodiafiltration studies in which both longesf the alternative pathway of complement (27) and inhibits

Table 4. Patient assessment of quality of life based on the Kidney Disease Questionnaire (11)

Hemodiafiltration High-Flux Hemodialysis

P P
6 Mo 12 Mo 6 Mo 12 Mo (Time) (Mode)
Physical symptoms 3403 4.8+ 0.3 4.3+ 0.3 4.8+ 0.4 <0.001 0.657
Fatigue 46+ 0.3 49+ 04 4.7+ 0.3 49+ 0.3 0.083 0.910
Depression 5.6+ 0.2 5.8+ 0.2 5.6+ 0.3 5.6+ 0.3 0.086 0.684
Relationships 51*+0.3 5.2+ 0.3 5.1+ 0.3 5.1+ 0.3 0.077 0.904
Frustration 53*+0.3 52+04 5.3 0.3 54+ 0.4 0.648 0.851

#Each dimension of the Kidney Disease Questionnaire is scored on a seven-point scale, in which 1 is the worst possible score and 7
the best possible scorB.values represent the significance of changes with time (Time) or between hemodiafiltration and high-flux
hemodialysis (Mode).
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neutrophil degranulation (28). In renal failure, complemervolving large numbers of patients, to address the hypothesis
factor D accumulates in the intravascular compartment (29). &gt increased removal of large-molecular-weight solutes im-
a result, the impact of intrabody mass transfer on solute remopabves patient outcomes. The results of the present study
will be minimal and should not limit the ability of hemodiafiltra-indicate that on-line hemodiafiltration may be the best means
tion to provide superior removal to high-flux hemodialysis. Inef providing increased removal of large-molecular-weight sol-
deed, we observed significantly greater pre- to posttreatmees for these studies.
changes in serum complement factor D concentrations and de-
creased pretreatment serum concentrations in patients who wer:
treated with hemodiafiltration relative to patients who wel’e& c?nowledgments - y . .
treated with high-flux hemodialysis. Unfortunately, heparin inter- The authors th.ank Christina I.DUhr and ‘]urgen.. KGbler for their he.lp
feres with the assay used to measure complement factor D in g?mple collection e_md a_nalyg.ls and Walter Goérgen and the nursing
. i . g of the KfH Neuried dialysis center.

study, and the magnitude of the pre- to postdialysis concentration
changes must be viewed with caution.
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