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Abstract

Background/Aims Serum free light chain (FLC) levels are

correlated with chronic kidney disease (CKD) stages and

are highest in patients on hemodialysis (HD). Aim of this

study was to assess the FLC removal efficiency of Eli-

sioTM-210H dialyzer using either high-flux HD or on line

high efficiency hemodiafiltration (HDF) modalities in

CKD-5D patients.

Methods In this prospective and comparative study, 20

CKD-5D patients free from multiple myeloma were ran-

domized in two groups: HD versus on line HDF. All pa-

tients were dialyzed with ElisioTM-210H dialyzer. Serum

samples were collected before and after the midweek dia-

lysis session, before randomization and at the end of the

study to measure j and k FLC concentrations. Reduction

ratios were corrected for net ultrafiltration.

Results For both HD and HDF mode, j and k FLC

concentrations were significantly lower after dialysis than

before but median reductions in j and k FLC levels were

significantly higher in HDF versus HD groups (j 73.5 vs.

65.5 %, p = 0.04 and k 51.0 vs. 36.6 %, p = 0.07). After

dialysis, all j/k ratio values were between 0.26 and 1.65

which is the reference range described in subjects with

normal kidney function, for both HD and HDF groups

(median j/k ratios were 0.80 [0.47–1.22] and 0.67

[0.50–0.79] respectively).

Conclusion This study shows the superiority of on line

HDF compared with HD to remove both j and k FLC.

Moreover, all post-dialysis j/k ratios reached normal ref-

erence range.

Keywords CKD � HDF � Internal convection HD � Serum
free light chain removal

Introduction

The circulating level of j and k free immunoglobulin light

chains (FLC) is dependent on an equilibrium between

production and clearance. Production of j FLC is double

that of k FLC. Their renal clearance depends on their

molecular weight: monomeric j chains (22 kDa) are

cleared about three times faster than dimeric k chains

(45 kDa) [1]. In chronic kidney disease (CKD) patients,

polyclonal FLC increase exponentially as the glomerular

filtration rate (GFR) falls and can be up to 20–30 times the

normal values in dialysis. Elevated concentrations of

polyclonal FLC have been reported in CKD dialysis pa-

tients (CKD-5D), at higher levels than in pre-dialysis pa-

tients [2, 3]. In addition, classical dialyzers have revealed

difficulties in efficiently removing FLC.

Through the development of sensitive serum FLC im-

munoassay for diagnostics [4] and the introduction of

protein-leaking membranes [5, 6] as an add-on treatment

for protecting the kidney in multiple myeloma, clearance

and circulating FLC concentrations have been greatly
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improved. Two diagnostic ranges have been proposed to

assess the risk of monoclonal gammopathies for the j/k
ratio depending on the renal function: a ‘‘normal reference

range’’ and an ‘‘extended renal failure reference range’’. In

people with normal renal function, the two combined

mechanisms of production/clearance lead to a median j/k
ratio of 0.58 [0.26–1.65] [7]. In patients with advanced

renal failure, removal of FLC from the circulation occurs

through pinocytosis [1] and the median j/k FLC ratio rises

to 1.12 [0.37–3.10] [8].

However, to date, in dialysis patients free from multiple

myeloma the effect of renal replacement therapy on the j/k
FLC ratio using new generations of dialysis membranes has

not been clarified. We recently showed the superiority of

high efficiency hemodiafiltration (HDF) over high-flux

hemodialysis (HD) in FLC removal in a population of

multiple myeloma patients [9]. The aim of the present

study was to evaluate, in CKD-5D patients free from

multiple myeloma, the FLC removal ability of a new de-

sign generation of dialyzers, ELISIOTM-H series, which

possess fibers of a greater internal length, using either HD

or online HDF modality.

Methods

Patients

Twenty CKD-5D patients undergoing maintenance HD at a

single Montpellier dialysis facility were recruited for this

study. Only patients older than 18 years, undergoing HD 3

times/week for more than 3 months, with a stable antico-

agulation scheme, a hemoglobin level [10.5 g/dl and

vascular access allowing a minimum blood flow of 300 ml/

min during treatment were eligible for the study, after

giving written informed consent. Patients were excluded if

they had malignancy, or symptoms/signs of acute/chronic

inflammatory or infectious diseases. The study was con-

ducted in accordance with the principles of the Declaration

of Helsinki and in compliance with the International

Conference on Harmonization/Good Clinical Practice

regulations. In accordance with French Law, the study was

approved by our Institution’s ethical committee with the

following number 2008-A00852-53. The study was also

registered at clinicaltrials.gov (NCT01653808).

Study design, membrane and dialysis conditions

This was a prospective, randomized, comparative study

with two parallel arms, HD versus online HDF. All patients

were dialyzed with the ElisioTM-210H dialyzer (polyne-

phronTM membrane based on polyethersulfone polymer,

effective membrane surface area: 2.1 m2; Nipro Europe,

Zaventem, Belgium) for the entire study. Briefly, after a

1-month washout period in HD mode (ElisioTM-210H

dialyzer), patients were randomly assigned to two treat-

ment groups, HD (n = 10) and HDF (n = 10) for

4 months.

Dialysis conditions remained unchanged for each pa-

tient: three sessions/week, 3–4 h/session, with a blood flow

(QB) of 350–400 ml/min, ultrapure bicarbonate buffered

dialysate, and dialysate flow (QD) of 500 ml/min. Online

production of clean dialysate and ultrapure substitution

fluid was performed in both HD and online HDF modality

using the 5008 machine system (Fresenius Medical Care,

Bad Homburg, Germany). HDF was performed in postdi-

lution mode at a substitution flow rate (Qs) set at 100 ml/

min (18–24 l/session). The ultrafiltration flow rate (QUF)

was set according to each patient’s interdialytic weight

gain (total ultrafiltration 20–26 l/session). The routine an-

ticoagulation protocol was unchanged and consisted of a

single bolus intravenous administration of low molecular

weight heparin 2–3 min before launching the dialysis

session.

Sample collection and FLC assays

Blood samples were drawn from the arterial line before and

after the midweek dialysis session. First sampling was

performed at baseline before randomization (M0, corre-

sponding to the end of the washout period) when all pa-

tients were still dialyzed in HD mode. Thereafter, samples

were drawn at the end of the study period (after 4 months

of treatment from baseline) before and after the midweek

dialysis session.

Serum j and k FLC concentrations were measured by

nephelometry on a Siemens BNII analyzer using the

FREELITE immunoassay (The Binding Site, Birmingham,

UK).

Calculations

FLC reduction ratios were calculated using the usual

equation:

Reduction ratio ¼ Cpre� Cpost

Cpre
ð1Þ

where Cpre and Cpost are serum FLC concentrations pre-

and post-treatment respectively. Reduction percentages

were calculated by multiplying the reduction ratio by

100 %.

As previously described [9], we utilized a single-com-

partment kinetic model already published for b2-micro-

gobulin [10] to correct post-dialysis FLC measurements for

net ultrafiltration:
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Cpost C ¼ Cpost= 1þ DBW
0:2� BWpost

� �
ð2Þ

where Cpost C denotes the concentration of FLC after

dialysis corrected for net ultrafiltration; BWpost and DBW
are, respectively, the body weight after dialysis and the

difference between pre- and post-treatment body weights.

Effective j- and k-FLC clearances (Kd) were calculated

as follows, according to Leypoldt et al. [11]:

Kd ¼ Quf 1� lnðCpost=CpreÞ
lnð1þ ðQufT=VðTÞÞ

� �
ð3Þ

where QUF is the ultrafiltration flow rate, T, the session

length, and V(T) the extracellular volume at the end of the

dialysis session.

Statistical analysis

Data were expressed as median and range for quantitative

variables with skewed distribution, mean and standard

deviation (SD) for quantitative variables with normal dis-

tribution, and proportion for categorical variables. The

comparisons of variables between periods of treatment and

between pre- and post-dialysis evaluations were performed

using the Mann–Whitney-U/Wilcoxon test. Values were

considered statistically significant at p\ 0.05. Spearman

correlation coefficient (rho) was used to determine the re-

lationships between quantitative variables. All analyses

were carried out with R software, version 2.15.1 (2012-06-

22).

Results

Characteristics of the CKD-5D patients are summarized in

Table 1a.

Before the end of the treatment period, 3 patients

withdrew from the study (1 in the HDF group who moved

to another dialysis center, and 2 in the HD group: 1

transplantation and 1 for personal decision) leaving 17

patients. One patient, who had primitive amyloidosis, was

excluded from the statistical analysis.

At M0, j and k FLC concentrations did not differ sig-

nificantly between the two groups, HD and HDF, either

before or after dialysis sessions. Likewise, no significant

differences were observed between HD and HDF for both j
and k FLC clearances at M0.

J and k FLC median concentrations before and after

dialysis at M4 are reported in Table 1b. Both j and k FLC

concentrations were significantly lower after the dialysis

session than before, whatever the dialysis mode used.

Treatment for 4 months with HDF compared to HD led to

significantly weaker post-dialysis concentrations in j

(25.6 mg/l [18.0–54.6] vs. 52.3 mg/l [21.7–103.2] in HDF

and HD, respectively; p = 0.02) and in k FLC (38.1 mg/l

[29.5–77.8] vs. 65.5 mg/l [43.6–149.6] in HDF and HD,

respectively; p = 0.02). FLC clearances were higher in

HDF than HD both for j (50.4 ml/min [30.9–59.9] vs.

65.7 ml/min [48.1–81.0]; p = 0.012) and for k (23.8 ml/

min [17.6–33.2] vs. 37.8 ml/min [26.1–49.1]; p = 0.006).

After correction of the post-treatment measurements for

fluid removal using Eq. 2, median reductions in serum FLC

levels at M4 were significantly higher in the HDF than HD

group both for j (73.5 vs. 65.5 %; p = 0.004), and for k
(51.0 vs. 36.5 %; p = 0.007) (Fig. 1a). Median reductions

in serum j and k FLC levels at M4 in the HDF group were

also significantly higher than baseline levels (M0).

A statistically significant linear correlation between FLC

reduction percentages and substitution volumes in the on-

line HDF group was observed for j FLC (p = 0.008) but

also for k FLC (p = 0.008). Results concerning the j/k
FLC ratio are presented in Fig. 1b. Before dialysis, median

j/k FLC ratios were 1.52 [0.80–2.02] and 1.33 [0.90–1.69]

in the HD and HDF groups, respectively. All j/k ratio

values were between 0.37 and 3.10, the reference range

described in CKD patients. After dialysis, median j/k ra-

tios were 0.80 [0.47–1.22] and 0.67 [0.50–0.79] in the HD

and HDF groups, respectively. All j/k ratio values were

between 0.26 and 1.65, the reference range described in

subjects with normal kidney function.

HDF treatment resulted also in a significant improve-

ment of FLC depuration comparing the M4 HDF reduction

value against the HD baseline value. In the HDF group,

only one patient had a j/k ratio modestly higher than the

upper limit (1.69 vs. 1.65) observed in healthy individuals.

By contrast, 3/8 (37.5 %) had a j/k ratio Cthe reference

range (1.82, 1.86 and 2.02) in the HD group.

Discussion

In the present work, we investigated the effect of HD and

online HDF using an ElisioTM-210H dialyzer on serum

FLC levels and the j/k FLC ratio in CKD-5D patients.

Results concerning raw serum FLC levels attest ElisioTM-

210H dialyzer’s capacity to remove j and k FLC both with

the HD and online HDF mode. While Haynes et al. [12] did

not find evidence of an association between polyclonal

excess of FLC and mortality, the benefit of an efficient

polyclonal FLC removal to prevent renal toxicity can be

argued quite readily. Moreover, while some authors con-

sider FLC as uremic toxins [3], others suggest that poly-

clonal FLC levels can be used for monitoring removal of

middle molecular weight uremic toxins [13]. Recently,

Desjardins et al. [14] found that elevated levels of j and k
FLC were associated with inflammation, vascular
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Table 1 Main characteristics of the CKD-5D patients at baseline (a) and raw data at month 4 (b) with ElisioTM-210H dialyzer using HD and

HDF modalities

HD group HDF group p

(a)

Number of patients 8 8

Gender (male/female) 3/5 5/3

Age (in years) 77 (53–88) 77 (56–86)

Causes of CKD

Glomerulonephritis 1 0

Polycystic kidney disease 0 1

Angiosclerosis and hypertensive nephropathy 1 2

Diabetic nephropathy 2 0

Diabetic and hypertensive nephropathy 0 1

Infectious/obstructive interstitial nephropathy 1 0

Genetic/congenital cause 0 2

Other cause 2 1

Unknown cause 1 1

Residual renal function (ml) 0 0

Month 0

Dialysis vintage (in years) 6 (1–38) 5 (0–29)

Dry body weight (kg) 61.0 (36.5–84.0) 69.3 (58.0–88.5)

Session length (h) 3.5 (2.3–4.0) 3.7 (3.0–4.0)

Blood flow rate (ml/min) 400 (380–400) 400 (350–404)

Ultrafiltration (l) 2.1 (1.1–2.3) 2.1 (0.2–3.4)

FLC j (month 0)

Cpre (mg/l) 150.5 (71.2–284.0) 115.5 (62.8–195.0) 0.09

Cpost C (mg/l) 58.8 (25.9–102.4) 43.1 (24.3–58.4) 0.13

p 0.001 \0.001

Kd (ml/min) 45.3 (31.3–65.6) 49.1 (31.5–64.1) 0.67

FLC k (month 0)

Cpre (mg/l) 122.5 (93.9–244.0) 111 (65.8–180.0) 0.37

Cpost C (mg/l) 80.8 (61.2–193.0) 67.0 (41.8–96.7) 0.13

p 0.02 0.04

Kd (ml/min) 23.3 (17.0–37.4) 29.2 (15.6–36.8) 0.14

(b)

Month 4

Session length (h) 3.6 (3.0–4.0) 3.8 (3.0–4.0)

Blood flow rate (ml/min) 400 (350–400) 400 (400–400)

Ultrafiltration (l) 2.2 (1.0–2.7) 2.4 (1.3–2.9)

Filtration fraction 22.75 (18.8–27.5)

FLC j (month 4)

Cpre (mg/l) 168.5 (61.0–250.0) 105.2 (59.6–185.0) 0.2

Cpost C (mg/l) 52.3 (21.7–103.2) 25.6 (18.0–54.6) 0.02

p 0.005 \0.001

Kd (ml/min) 50.4 (30.9–59.9) 65.7 (48.1–81.0) 0.012

FLC k (month 4)

Cpre (mg/l) 104.0 (63.1–186.0) 86.3 (49.5–141.0) 0.38

Cpost C (mg/l) 65.5 (43.6–149.6) 38.1 (29.5–77.8) 0.02

p 0.049 0.003

Kd (ml/min) 23.8 (17.6–33.2) 37.8 (26.1–49.1) 0.006
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Table 1 continued

HD group HDF group p

FLC j/k (month 4)

Ratio before 1.52 (0.80–2.02) 1.33 (0.90–1.69) 0.2

Ratio after 0.80 (0.47–1.22) 0.67 (0.50–0.79) 0.3

p 0.003 \0.001

Cpre is serum FLC concentration before dialysis, Cpost C is serum FLC concentration after dialysis corrected for net ultrafiltration. Kd is the

effective FLC clearance

HD hemodialysis, HDF on line hemodiafiltration, FLC free light chains

Fig. 1 Percentage of reduction

(a) and j/k ratio (b) in serum

FLC. a Effect of dialysis

modality and time on j and k
FLC removal efficiency. No

significant difference was

observed between M0 and M4

HD in either j or k FLC

percentage of reduction.

b Effect of dialysis with HD or

online HDF technique using

ElisioTM-210H dialyzer on j/k
ratio at M4 and two trial

‘‘reference intervals’’.

Continuos lines normal

reference range; dashed lines

extended renal failure reference

range. HD hemodialysis, HDF

online hemodiafiltration.

***p\ 0.001; **p\ 0.01;

*p\ 0.05
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calcifications and other uremic toxins. And according to

Hutchison et al. [15], measurement of serum polyclonal

FLC, which may identify global immune activation, could

also represent a biomarker for risk assessment and

stratification in CKD patients.

FLC reduction percentages confirm the established su-

periority of HDF treatment over HD in middle-sized

molecules either in acute or chronic treatment. Neverthe-

less, our median reduction values were higher than previ-

ously described with routine dialyzers in multiple myeloma

patients [9]. This is partly due to the nature of the ElisioTM-

210H dialyzer which allows internal filtration thus im-

proving removal of middle-size molecules (with median

beta-2 microglobulin reduction ratios in HD modality

C75 %, data not shown) compared with routine dialyzers

in conventional HD. Despite huge reduction ratios obtained

with ElisioTM-210H in HD mode (control group), the dif-

ferences still observed with ElisioTM-210H in HDF com-

pared to conventional HD may be attributable to the HDF

technique and convective volume. In a recent prospective,

observational, non-randomized, before and after study

comparing FLC removal between online high efficiency

HDF and conventional high-flux HD in chronic dialysis

patients without monoclonal gammopathy, Lamy et al. [16]

found that j FLC removal was better in HDF than HD.

Contrary to our results, no difference in k FLC removal

was reported in their study. The reduction values with HDF

in our study were higher, particularly for k-FLC levels.

Furthermore, their pre-dialysis raw serum j and k FLC

levels increased over time with HDF. Even though there

was no significant difference in pre-dialysis serum FLC

levels at M4 in our study between HD and HDF mode,

neither was there a significant difference in pre-dialysis

serum FLC levels between M0 and M4 for either dialysis

modality. Nevertheless, post-dialysis raw serum j and k
FLC levels were significantly lower at M4 (compared with

M0) for patients using HDF mode (data not shown), sug-

gesting a lower exposure to polyclonal FLC excess in the

HDF group. It is interesting to note that supra-hemodi-

afiltration with endogenous reinfusion investigated by

Pasquali et al. [17] also offers a promising track regarding

FLC removal.

Despite the small number of patients, our results re-

garding j/k FLC ratio corroborate the recommendations of

both Katzmann et al. [7] and Hutchison et al. [18]. Indeed,

all j/k ratios fitted into ‘‘the extended renal failure refer-

ence range’’ before dialysis and into ‘‘the normal reference

range’’ after dialysis for both HD and HDF groups. Thus,

before the dialysis session the extended reference range

should be used, while after the dialysis session the normal

reference range can be applied. Only a few patients (3 in

HD and 1 in HDF) had pre-dialysis j/k FLC ratios above

1.65, which may be explained by the long-term effect of

ElisioTM-210H dialyzer on serum FLC concentrations, with

weaker predialytic ratios in HDF.

The major limitation of this study is the small number of

patients and the relatively limited follow-up time, which

precluded analysis on whether internal filtration-enhanced

HD was equivalent to HDF in terms of clinical outcomes.

Moreover, due to the absence of data at intermediate points

of the study and a few hours after the end of the dialysis

sessions, we were unable to provide a more precise analysis

of the pharmacodynamics and pharmacokinetics of FLC.

Finally, this work offers promising results as regards the

management of polyclonal FLC excess in CKD-5D pa-

tients. But larger studies with a longer follow-up are

needed to evaluate the long-term effects of new generation

dialyzers on serum FLC levels and patient morbidity.
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