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logical efficacy quantifier (2). Today, medical device producers 
offer a large portfolio of dialyzers with high β2-microglobulin 
sieving coefficients. Here, the plasma reduction rate for β2-
microglobulin is proportional to the substitution fluid volume 
exchanged during the treatment (3). For this reason, the actu-
al volume of substitution fluid became the only limiting factor 
for enhancing blood purification in hemodiafiltration. Regard-
ing hard outcomes, studies published after 2005 demonstrat-
ed that the threshold of substitution fluid volume that should 
be administered in postdilution hemodiafiltration in order to 
reduce patient mortality is in the range of 20 to 22 liters per 
session (4-6). Theoretically, substitution volume should be 
weighted by an anthropometric parameter reflecting the pa-
tient’s metabolic needs (e.g., body size or body surface area). 
Several anthropometric parameters have been proposed (7) 
but Maduell et al was unable to find a better fit than the sim-
ple substitution fluid volume or total convection volume (5). 
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Introduction

Nobody can deny that current renal replacement therapy, 
although capable of sustaining life for many patients world-
wide, is far from optimal. Among the different factors that 
can enhance the efficacy of extracorporeal blood purification, 
Vanholder et al (1) highlighted the value of convective remov-
al of toxins, with β2-microglobulin clearance being the most 
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Therefore, in terms of both efficacy and outcomes, focus has 
now shifted to the question of feasibility of attaining this level 
of substitution fluid dose for a large majority of patients on 
extracorporeal dialysis treatment.

In the CONTRAST study, failure to demonstrate a positive 
trend in reducing mortality in patients treated by hemodiafil-
tration compared to low-flux dialysis was attributed to several 
factors. However, one of the most important was considered 
to be the substantially lower average in convection volume 
(i.e., substitution fluid volume plus ultrafiltration volume) 
achieved compared to the planned target (20.7 L compared 
to the targeted 24 l/session) (4). Nevertheless, in the same 
study, patients treated with more than 21.95 l/session of con-
vection volume showed a significantly decreased mortality 
rate. The targeted substitution fluid volumes were success-
fully reached in the other 2 important randomized clinical 
trials addressing the relationship between hemodiafiltration 
and outcomes (5, 8). The substitution fluid volume targeted in 
the Turkish study was quite low (>15 l/session) and, in a post 
hoc analysis, the subgroup of HDF patients treated with a me-
dian substitution volume >17.4 L per session had better car-
diovascular and overall survival compared with the high-flux 
HD group (8). The higher substitution fluid volumes achieved 
in the study of Maduell et al (>18 l/session targeted, median 
quarterly volume achieved ranged from 20.8 to 21.8 l/session 
thanks to training to achieve high values) also resulted in a 
positive outcome in terms of survival (5). In this latter study 
the result was obtained with an average blood flow rate of 
387 ml/min. In order to reach 21 L of substitution volume in a 
standard 4-h session with a blood flow of 400 ml/min, a filtra-
tion fraction of 24.4% suffices. Lower blood flows translate 
into a higher demand on the filtration fraction, which could 
increase the risk for clotting when using conventional ma-
chine technology.

Several factors can affect success in reaching planned 
targets of substitution fluid volume (7). The first are patient 
characteristics, such as vascular access type, vascular access 
flow, total protein level, and hematocrit. The second are fac-
tors associated with the dialysis prescription and best nursing 
care practices, such as the dialyzer type, the selected arterial 
and venous needles, level of blood flow rate (within the limit 
allowed by the vascular access), and the duration of the dialy-
sis session. The management of the treatment is important 
as well, since the integrity of the dialyzer is also ensured by 
a correct anticoagulation regimen. The achievement of the 
prescribed blood flow is also related to correct cannulation 
practices (9). The third type of factors are machine features 
controlling aspects of the treatment. With HDF machines 
that work on the basis of volume control with a constant UF 
rate, there is the risk of an increased transmembrane pres-
sure with associated alarms. With HDF machines that work 
with a UF rate that is adjusted according to the behavior of 
the transmembrane pressure, there is a risk that the targeted 
substitution volume will fail to be achieved. Clearly, some of 
the above-mentioned factors, such as the treatment prescrip-
tion, are modifiable, while others, such as vascular access pa-
tency, are not.

The aim of this study was to investigate the relevance of 
modifiable and non-modifiable factors associated with the 
successful achievement of 21 l/session of substitution fluid 

volume in patients on post-dilution online HDF, all treated 
with an innovative HDF device that continuously adapts the 
substitution fluid flow according to blood viscosity and dia-
lyzer performance.

Methods

The patients who were included in the study were young-
er than 85 years and were treated 3 times a week by post-
dilution HDF between June 1 and August 31, 2013 in one of 
46 NephroCare clinics located in the Czech Republic, Hungary, 
Italy, Portugal, Slovenia, and Spain. Postdilution HDF was per-
formed with the 5008 CorDiax dialysis machine (Fresenius 
Medical Care, Bad Homburg, Germany), which incorporates 
the AutoSub Plus feature. This relatively new element is an 
advance on standard online HDF equipment available on the 
market and manages ultrafiltration by automatically control-
ling the continuous optimization of the substitution fluid vol-
ume rates without any user interaction. The basic principle 
of AutoSub Plus is to avoid excessive hemoconcentration in 
the dialyzer by continuously adapting the substitution flow 
according to changes in blood viscosity in the dialyzer and 
the performance of the dialyzer. These changes are identi-
fied using signal analysis of the pressure pulses transmitted 
from the peristaltic blood pump. Signal analysis is conducted  
several times per minute and the substitution rate is automat-
ically adapted based on pressure pulse attenuation and cross-
membrane pressure assessment. The result of this loop-back 
control application is an automatic individualization and max-
imization of the substitution volume with respect to blood 
flow, whole blood viscosity, and dialyzer characteristics. The 
AutoSub Plus option is a specific improvement included in the 
CorDiax software from the version 4.50 on. At the time of this 
evaluation, the software version 4.50 was implemented in  
46 NephroCare clinics located in the 6 countries listed above. 
All patients treated with this option and satisfying the inclu-
sion criteria were considered for the study.

The adequate dialysis dose was controlled for each ses-
sion by Kt/V measurements made with the integrated  online 
clearance tool (OCM; Fresenius Medical Care, Bad Hom-
burg, Germany), based on ionic dialysance (10). High-flux FX  
CorDiax dialyzers with different surface areas were used 
almost exclusively for the HDF treatments. The achieved 
dialysate flow was the prescribed dialysate flow minus the 
achieved substitution fluid flow. Treatment times were fixed 
at a minimum of 240 min, and effectively achieved on a sched-
ule of three times a week. Sterile and non-pyrogenic substi-
tution fluids were produced by ultrafiltration of the ultrapure 
dialysate. Ultrapure quality was defined as bacterial counts  
<0.1 CFU/ml and endotoxin levels <0.03 EU/ml.

All data considered in the study were automatically col-
lected through the EuCliD database, which has been  described 
in previous publications (11, 12). As prescribing physicians and 
nurses were not aware of any study intention, the data collect-
ed represent the clinical reality as opposed to data collected 
in a controlled clinical trial. Treatment-related variables, such 
as effective treatment time, total treated blood volume, sub-
stitution volume, and pre- and post-dialysis body weight, were 
mostly gained directly from the dialysis machine and the asso-
ciated scale by the TDMS system (Therapy Data Management 
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System; Fresenius Medical Care, Bad Homburg, Germany). The 
convection volume was calculated as the sum of the substitu-
tion volume per treatment and the net ultrafiltration volume 
defined according to the patient’s weight loss. Mean convec-
tion flow rate was defined as the convection volume divided 
by the effective treatment time; for practical clinical purposes, 
in accordance with the EUDIAL group, mean filtration fraction 
was defined as the mean convection flow rate divided by the 
mean blood flow rate. High-volume HDF was defined as a total 
substitution volume ≥21 L per treatment (7).

Data were reported as proportions, as means with stan-
dard deviation (SD), or as median with interquartile range 
(IQR, 25th-75th percentiles) for non-normal distributions. 
A pooled logistic regression model was used to account for 
the correlated data arising from repeated measurements in 
studying the independent relationship of each variable with 
substitution volume, whereby 21 L substitution volume was 
considered the outcome threshold. Patient- and dialysis-relat-
ed variables that showed an association with the convection 
volume were entered in a multivariable model. In addition, 
hematocrit was entered into this multivariable model up front 
in accordance with the results of 2 previous studies (13, 14). 
Results were considered statistically significant for P<.05. SAS 
statistical software (SAS Institute, Cary, NC, USA) was used  
for all pooled logistic analyses, while SPSS (SPSS Statistics for 
Windows, Version 21.0, IBM Corp., Armonk, NY, USA) was 
used in all other cases.

Results

The study considered 3315 patients who were treated 
for a total of 106 827 sessions of post-dilution HDF using 
one or more of 6 differently sized dialyzers. Mean follow-
up time was 10.7 weeks. The mean age of the patients was 
64.5 ± 13.7 years, 60.8% of whom were male, and 27.3% 
diabetics. The median dialysis vintage was 61.2 months 
(IQR 24.6-117.2). Hematocrit was 34.9 ± 4.6% and serum 
albumin 3.81 ± 0.47 g/dl. The FX CorDiax 600 dialyzer was 
used for 73.2% of the sessions, the FX CorDiax 60 for 9.4%, 
the FX CorDiax 100 for 4.6%, with other filters of different 
surfaces of the FX CorDiax and of the FX classic family used 
for the remaining sessions. Accordingly, most of the pa-
tients were treated with dialyzers with a surface of 1.60 m2  
(73.8%), 14.4% with dialyzers with a surface of 1.80 m2  
to 2.20 m2, and 11.8% with dialyzers that had a surface 
area below 1.60 m2. The mean effective treatment time was  
253 ± 19 min/session. The median substitution volume 
was 24.7 L per treatment (IQR 22.0-27.4 L) and the mean 
filtration fraction was 28.3 ± 4.1% (IQR 25.9-30.8%). The 
percentage of the sessions that qualified as high-volume 
HDF was 81.5% (substitution volume was ≥21 L); for fistula, 
graft, and catheter sessions, the percentages were 86.2%, 
83.2%, and 55%, respectively.

Table I describes patient characteristics, treatment fea-
tures, and the results of the hemodiafiltration sessions by 

TABLE I - Comparison of treatment characteristics with the 4 most frequently applied dialyzers

FX Cordiax 60 FX Cordiax 600 FX Cordiax 800 FX Cordiax 100 ALL

Patients (N) 325 2572 121 464 3315

Sessions (N) 10022 78177 3740 4888 106827

Age (years) 61.7 ± 14.8 64.8 ± 13.7 61.1 ± 12.6 63.5 ± 13.2 64.5 ± 13.7

Gender (Female, %) 47.2 38.5 17.9 34.9 39.2

BMI (kg/m2) 25.2 ± 4.9 26.4 ± 5.5 30.1 ± 6.7 27.7 ± 6.3 24.4 ± 5.5

Body surface area (m2) 1.76 ± 0.23 1.82 ± 0.24 2.03 ± 0.24 1.91 ± 0.25 1.82 ± 024

Diabetics (%) 8.6 30.5 20.8 37.7 27.3

Hematocrit (%) 33.9 ± 4.7 35.1 ± 4.6 34.7 ± 3.5 36.0 ± 4.9 34.9 ± 4.6

Albumin (g/dl) 3.75 ± 0.50 3.84 ± 0.47 4.00 ± 0.35 3.69 ± 0.52 3.81 ± 0.47

Catheters (%) 16.3 16.9 11.9 6.4 16.0

Dialyzer surface area (m2) 1.40 1.60 2.00 2.20 1.63 ± 0.19

Blood flow (ml/min) 352 ± 54 361 ± 70 381 ± 68 386 ± 70 379 ± 68

Dialysate flow (ml/min) 434 ± 54 400 ± 67 398 ± 54 447 ± 69 407 ± 69

Treatment Time (min) 241 ± 11 255 ± 19 260 ± 20 263 ± 18 253 ± 19

Kt/V 1.61 ± 0.42 1.89 ± 0.45 1.64 ± 0.33 1.97 ± 0.51 1.85 ± 0.45

Substitution fluid volume (l/treatment) 22.6 ± 4.3 24.8 ± 4.6 25.0 ± 3.9 31.6 ± 7.2 24.8 ± 6.2

Convection volume (l/treatment) 25.1 ± 4.1 27.3 ± 4.6 28.1 ± 3.9 37.0 ± 6.7 27.4 ± 6.3

Mean Filtration Fraction (%) 29.6 ± 3.9 28.0 ± 3.8 30.3 ± 3.8 32.2 ± 4.4 28.3 ± 4.1

Sessions with substitution fluid volume ≥21 L (%) 70.2 84.4 89.7 92.8 81.5

Nine percent of the total 106 827 sessions were conducted with a variety of other dialyzer types.
Due to dialyzer switching during the study period, total patient numbers differ from number of patients in the study.  
BMI = body mass index; Kt/V from the machine OCM (Online Clearance Monitor).
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Fig. 1 - Median blood flow rate by dialyzer surface area (median, 
25th and 75th percentile).

Fig. 2 - Proportion of AV-fistula, graft and catheters by dialyzer sur-
face area.

TABLE II -  Multivariate logistic regression analysis with achieve-
ment of ≥21 l of substitution fluid as outcome

Odds 
ratio

95% CI  
for OR

P 
value

Lower Upper

Age (by year) 1.028 1.022 1.034 <.001

BMI (by kg/m2) 0.962 0.949 0.975 <.001

Gender

 Male 0.704 0.602 0.824 <.001

  Female (ref) 1.000

Hematocrit (by %) 0.937 0.918 0.957 <.001

Albumin (by g/dl) 1.041 0.871 1.246 NS

Access Category

  Graft 0.585 0.425 0.803 <.001

 Catheter 0.422 0.355 0.501 <.001

  AV Fistula (ref) 1.000

Dialyzer surface area  
(by 0.1 m2)

1.170 1.125 1.217 <.001

Blood Flow (by ml/min) 1.024 1.023 1.026 <.001

Treatment time (by min) 1.056 1.051 1.061 <.001

Weekday

  Monday/Tuesday 0.850 0.786 0.919 <.001

   Wednesday/Thursday 
(Ref)

1.000 1.078 1.186 <.001

  Friday/Saturday 1.131

BMI = body mass index; NS = not significant.

the most commonly used dialyzers. The highest percentage 
of high-volume HDF sessions was achieved with the FX Cor-
Diax 100 filter with a surface area of 2.20 m2 (92.8%). Success 
rates decreased with decreasing filter surface area but were 
still very high at 70.2% with the smallest dialyzer tested (FX 
CorDiax 60 with 1.40 m2 surface area).

The mean blood flow rate was 379 ± 68 ml/min. The me-
dian blood flow rate by dialyzer surface area varied between  
350 ml/min and 400 ml/min (Fig. 1). Of all the patients, 79.5% 
had a fistula, 4.5% a graft, and 16.0% a catheter. The mean 
blood flows achieved with the fistulas, grafts, and catheters 
were 392 ± 64 ml/min, 390 ± 62 ml/min, and 316 ± 602 ml/
min, respectively, Figure 2 depicts the proportion of fistulas, 
grafts, and catheters by dialyzer surface area.

The multivariable logistic regression model to predict the 
achievement of at least 21 L of substitution fluid evaluated the 
following variables: age, dialyzer surface area, blood flow, treat-
ment time, body mass index (BMI), gender, hematocrit, vascu-
lar access type, albumin, and weekday of treatment. Results are 
presented in Table II.

Dialyzer surface area was positively associated with the 
achievement of the target substitution volume (per 0.1 m2 of 
dialyzer surface: OR: 1.170, 95% CI: 1.125-1.217; P<.001). Also, 

as expected, higher blood flow was a significant positive fac-
tor (per ml/min of blood flow: OR: 1.024, 95% CI 1.023-1.026; 
P<.001) as well as the treatment time (per min of effective 
treatment time: OR: 1.056, 95% CI 1.051-1.061; P<0.001). Di-
alysis treatments conducted at the end of the week were more 
likely to achieve the substitution volume target compared to 
mid-week sessions (OR: 1.131, 95% CI 1.078-1.186; P<0.001). 
Analysis of the weight loss requirements per session weekday 
revealed that this is likely to be due to the proportionally high-
er weight loss requirements at the beginning of the week, i.e., 
2.78 L and 2.68 L on the first session of the week versus 2.38 L  
and 2.32 L mid-week, and 2.35 and 2.33 L at the end of the 
week (Fig. 3).

Higher BMI and hematocrit were negatively associated 
with the outcome, as was male gender. Having a catheter as 
vascular access was associated with a 58% significantly lower 
odds ratio (OR) for achieving the target infusion volume com-
pared to sessions conducted with a fistula (OR: 0.422, 95% 
CI 0.355-0.501; P<.001). Also having a graft was associated 
with a significant 41.5% lower OR compared to a fistula (OR: 
0.585, 95% CI 0.425-0.803). The serum albumin level was not 
significantly related to the achievement of the target substi-
tution volume.
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Discussion

In this study, the target of at least 21 L of substitution fluid 
was reached in 81.5% of post-dilution hemodiafiltration ses-
sions. This high number is a reflection of general acceptance 
of the positive results reported in the literature regarding sur-
vival data, but it is also the result of the dialysis network strat-
egy to target high efficiency renal replacement therapy with 
measures such as high Kt/V and high substitution volumes. 
Last but not least, the implementation of the AutoSub Plus 
for the continuous modeling of the substitution fluid flow ac-
cording to blood viscosity and dialyzer performance certainly 
contributed to the high success rate.

This study confirmed the influence of some patient-related 
factors already reported by previous papers, namely BMI and 
hematocrit (13, 15). Regarding gender, while we found an ad-
vantage for female gender, Penne et al reported a positive 
 association of male gender with convection volume in a uni-
variate analysis, which was not confirmed in their multivariable 
model (13). We did not find a significant association with gen-
der in a previous study of our network (14). This discrepancy 
in findings can of course result from the extensive adjustments 
introduced into the current study, in which, in absolute terms, 
males were found to be more likely to achieve the target substi-
tution volume (82.9% vs. 79.3% in females).

Regarding albumin, it was generally believed that the high 
ultrafiltration rates in postdilution HDF can result in protein 
cake formation. These effects can raise transmembrane pres-
sure, causing alarms, reducing clearances and possibly result-
ing in clotting of the extracorporeal circuit (7). However, in  
2 previous studies higher serum albumin was positively asso-
ciated with the achieved volume of substitution fluid (13, 14). 
In this study, albumin was not significantly associated with 
the OR to achieve the target substitution volume. Taken as a 
whole, since 3 different studies have now been unable to dem-
onstrate the expected negative association between albumin 
and high substitution volume achievement, it is likely that the 
positive effect of refilling associated with higher  albumin level 
compensates for the expected negative impact on the mem-
brane functionality (16).

The results pertaining to treatment-related factors are 
naturally of particular interest due to the potential they of-
fer for adjustment. Penne et al reported that high blood flow 

and treatment time were critical factors associated with the 
achievement of the target convection volume (13). These 
factors have also been confirmed in our current and previ-
ous analyses (14). In addition, differently to Penne et al, we 
found not only the confirmation of our previous observa-
tion that catheters are associated with a significantly lower 
OR to achieve the target substitution volume, but also the 
novel observation of the importance of the dialyzer surface 
area. These findings were facilitated by the large number of 
patients and treatments analyzed, and also by the moderate 
degree of variability in terms of dialyzer surface areas pres-
ent in the database (13). Nevertheless, the results reported 
in Table I are somewhat difficult to interpret. While increases 
in (a) substitution volume, (b) the proportion of sessions that 
qualify as high-volume HDF, and (c) dialyzer surface area run 
in parallel, it is noteworthy that patients treated with small-
surface area dialyzers (i.e., 1.40-1.60 m2) tend to have a high 
percentage of catheters (Fig. 2). In addition, Table I also 
shows that the important factor treatment time also increas-
es in parallel with the surface area of the filters; the increase 
is around 20 min moving from the smallest to the biggest 
dialyzers. Contrary to our expectations, mean blood flows did 
not increase remarkably with increasing the dialyzer surface 
area, ranging only from around 350 ml/min to 390 ml/min, in 
agreement with what is recommended by Maduell et al (5). In 
general, it seems that patient size is one of the main criteria 
for the prescription of dialyzers with higher surface areas.

Multivariable analysis revealed the importance of the po-
tentially modifiable treatment factors of vascular access (if 
options are still open), treatment time, blood flow, but also 
dialyzer surface area, once adjusted for patient-related vari-
ables. An increase of 0.1 m2 of dialyzer surface was associated 
with a 17% increase of the OR to achieve the target substitu-
tion volume.

The question remains regarding how to address the re-
sidual 18.5% of sessions where the high-volume target was 
not reached. First, since the percentage of patients on cath-
eter reaching the target is relatively low at 55%, we need to 
identify patients who are more likely to be treated with a 
catheter. The best solution is of course to plan for an arterio-
venous fistula or a graft according to the vascular situation, 
but this is not always possible. Many patients remain with 
a catheter for life – specifically older patients with some as-
sociated comorbidities (17). So should dialysis via a catheter 
automatically mean acceptance of the risk for inferior treat-
ment? If the answer is no, then we need to search for ways 
to correct the intrinsic limitation of this type of vascular ac-
cess with what we can modify in the treatment prescription. 
This study suggests that not only can the obvious treatment 
time play a role, but also the dialyzer surface area. Longer 
treatment time, in the range of an additional 15 to 30 min, 
can also decrease the ultrafiltration rate required to achieve 
the same ultrafiltration volume. This can possibly improve 
treatment tolerance and consequently dialysis dose, as was 
highlighted by Maduell et al (18) while evaluating nocturnal 
every-other-day HDF; and by Cornelis et al (19) who reported 
enhanced removal of solutes by extended HDF. Treatment 
tolerance is often the most critical point in treating elderly di-
alysis patients (20, 21). Unfortunately, our data indicate that 
the option to increase treatment time is often not considered 

Fig. 3 - Substitution fluid volume and weight loss contributions to 
total convection volume.
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today, since the average effective treatment time of patients 
with fistula and those with catheter hardly differ (253 ± 18 
and 252 ± 21 min, respectively). The prescription of a dialyzer 
with a higher surface area can be the next step, but in order 
to ensure that the maximum benefit of the bigger and more 
expensive dialyzer is received, it should be postponed to after 
a search has been completed for the highest possible blood 
flow and after prolonging the treatment time.

When prescribing dialysis, we often forget that the basic 
principle of postdilution hemodiafiltration is to filter plasma 
water out through the filter. Consequently, what is actually im-
portant is not blood flow but water plasma flow, and this is in 
relation to the hematocrit (7). Therefore, for all patients under 
ESA therapy, the hematocrit is also a modifiable factor, and is 
negatively associated with the achievement of a high volume 
target. When prescribing and adjusting the dose of ESA, ne-
phrologists should also consider the dialysis dose delivery. In 
patients not reaching the threshold of adequacy, the option to 
maintain the hemoglobin level closer to the lower end of the 
KDIGO recommended target could also be considered.

Last but not least, an optimal filtration fraction can in-
crease the possibility of achieving the minimum dose of the 
convection volume, making high-volume HDF feasible in 
cases where high blood flow rate is not attainable as well. 
However, it is difficult to prescribe and maintain the filtration 
fraction at a constant high level for the full length of the ses-
sion. As a matter of fact, it should not be set to extremely 
high levels even for short period of time, since doing so may 
reduce the sieving coefficient of the membrane by fouling 
the membrane pores with proteins. On the other hand, de-
spite the decrease in the sieving coefficient, by increasing 
the filtration fraction the ultrafiltered convection volume is 
increased and the mass of solute is removed as well. By us-
ing a more open membrane (with a higher sieving coefficient 
of β2-microglobulin) it is possible to reduce the convection 
volume required to achieve the same amount of solute re-
moval. In addition, increases in albumin and protein levels 
due to hemoconcentration induce a high, circulating colloid 
oncotic pressure. This facilitates refilling from the interstitial 
space but in turn opposes ultrafiltration through the mem-
brane. Therefore, from a strictly mechanistic view point it is 
difficult to make any conclusions regarding the optimal level 
of filtration fraction, since solute mass transfer is sensitive to 
the interactions between the sieving coefficient, membrane 
hydraulic permeability changes, and the total ultrafiltered 
volume.

In treating patients with acute kidney injury (AKI), regional 
citrate anticoagulation has been recommended by the KDIGO 
Clinical Practice Guidelines for AKI because this can prevent 
early filter clotting (22). In the present study, only standard 
and low-molecular-weight heparin have been used, but we 
would not exclude the possibility that citrate anticoagulation 
may be the future first option for maintaining membrane hy-
draulic permeability during the full HDF treatment.

This study has limitations associated with the fact that it is 
retrospective and observational in nature, and thus intended 
to create hypotheses that will need to be tested in appropri-
ately designed clinical trials. In addition, while the almost ex-
clusive use of 1 membrane type lends stability to the study 
design, it cannot be excluded that different membranes could 

have a stronger or weaker influence on the achievement of 
high substitution fluid volumes. 

In conclusion, on the basis of the results from this ob-
servational study, the policy of the dialysis center in terms 
of blood flow, treatment time, filter size, and perhaps even 
hemoglobin targets, plays a key role in achieving high-volume 
HDF. All of these are modifiable factors. Further studies are 
needed to validate our model and evaluate the generalizabil-
ity of our results outside the present network.
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