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cOnVecTiOn flOW OPTiMiZaTiOn 
in Online heMODiafilTraTiOn
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Objective: to evaluate the dependence of the magnitude of convection flow in online hemodiafiltration (OLHDF) 
on ultrafiltration control method and patients’ individual characteristics. Materials and methods. The study in-
cluded 36 stable dialysis patients (20 male and 16 female). The substitution rate was conducted manually based 
on transmembrane pressure (TMP). In some cases, devices with automatic filtration rate control unit AutoSub 
plus were used. The filtration rate (FR), TMP, blood flow rate (Qb), specific filtration rate (SFR, ml/min/mm Hg–1) 
were recorded. Results. The maximum SFR in various patients ranged from 0.51 to 0.80 ml/min/mm Hg–1; ave-
rage value was 0.62 ± 0.07 ml/min/mm Hg–1. There was significant correlation of SFR with hemoglobin level 
(r = –0.55). SFR reduced during hemodiafiltration (on average – by 23 ± 4%). SFR was significantly affected 
by Qb (r = 0.70). Maximum SFR was achieved with a TMP of 140–220 mm Hg; with TMP over 250 mm Hg, 
a decrease in SFR was noted, an increase in Qb was required for further increase in FR. Individual stability of 
SFR was noted during serial observations; fluctuations in a particular patient did not exceed 10%. Substitution 
volume for the HDF session was 18.0 ± 3.3 L, the FR/Qb ratio was 24.7 ± 5.2%. Substitution volume of 21 L was 
not achieved in 17 of 36 patients. The use of automatic FR adjustment system made it possible to increase the 
substitution volume (SV) by 12–18%. Conclusion. Achieving maximum convection volume in OLHDF requires 
individualizing treatment parameters. The use of FR automatic control allows maximum possible convection flow.
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Online hemodiafiltration (OL-HDF) is a technique 
incorporating all modern technological achievements. 
It is mostly considered as the gold standard in renal re-
placement therapy requiring hemodialysis [1]. The main 
advantage of OL-HDF from the point of view of a more 
complete correction of uremia is the possibility of active 
transmembrane transfer of substances with significant 
molecular weight when creating high-speed filtration 
flow of water molecules from the blood circuit to the 
dialysate circuit. With a known membrane and a known 
high sieving coefficient with respect to the substance, the 
filtration volume achieved during treatment session can 
be considered a surrogate indicator of treatment efficacy 
with respect to elimination of this substance [2]. Thus, 
modern dialysis membranes used in OL-HDF have a 
sieving coefficient for β2-microglobulin (11,800 Da) of 
at least 0.6. The assumption that more significant elimi-
nation of medium- and high-molecular-weight uremic 
substances should have a positive effect on the outcomes 
of long-term hemodialysis has been confirmed in recent 
studies. It was demonstrated that higher survival rates 
are achieved with high filtration volume – over 20 liters 
per treatment session [3]. In real clinical practice, ensu-
ring such high ultrafiltration rate is often fraught with 
several difficulties caused by both the parameters of the 
procedure and the patient’s features [4].

The objective of this study is to evaluate the depen-
dence of convection flow on ultrafiltration adjustment 
method and on patients’ individual characteristics.

PaTienTS anD reSearch MeThODS
The study included 36 patients (20 men and 16 wo-

men) aged 21 to 82 (59.6 years average). The subjects 
were treated with programmed hemodialysis for at least 
6 months. Vascular access was achieved through arte-
riovenous fistula or vascular prosthesis in 29 patients, 
and through tunneled dual-lumen catheters in 7 pati-
ents. Four-hour OL-HDF sessions were performed on 
Fresenius 4008 and 5008 devices and FX60 and FX80 
hemodiafilters (Fresenius Medical Care, Germany) at a 
fixed dialysis fluid flow rate of 500 mL/min and there 
was post-dilution introduction of substitution fluid. The 
substitution rate was controlled in manual mode based 
on TMP indicators. Here, FR, TMP and actual Qb were 
recorded. During treatment sessions, we also investigated 
the SFR corresponding to the filtration flow value (FR, 
mL/min) and the actual transmembrane pressure (TMP, 
mmHg). In some cases, automatic dialysate flow con-
trol systems with 1.5 coefficient with respect to Qb and 
automatic FR adjustment unit AutoSub plus were used. 
AutoSub plus was based on constant measurement of 
pressure pulsation in the air trap of the venous line, as 
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part of Fresenius 5008 dialysis machines. The data was 
statistically processed using a Microsoft Office Excel 
spreadsheet.

reSulTS anD DiScuSSiOn
With fixed duration (4 hours) of therapy session and 

average Qb = 322.5 ± 27.1 mL/min, maximum SFR 
for different patients ranged from 0.51–0.80 mL/min/
mmHg–1, the average value was 0.62 ± 0.07 mL/min/
mmHg–1. There was significant correlation of SFR with 
hemoglobin level (r = –0.55). There was no dependence 
of SFR on proteinemia, albuminemia, glycemia and total 
cholesterol levels. During treatment sessions, decreased 
SFR (on average by 23 ± 4%) was observed. This can be 
explained both by systemic blood concentration amidst 
decreased volume of circulating blood and by compac-
tion of secondary protein membrane on the surface of 
the dialysis membrane. The secondary protein membrane 
is actively formed precisely at high filtration rate [2]. 
Among the parameters of the procedure, the value of 
SFR was significantly influenced by Qb (r = 0.70).

Maximum SFR values were achieved in TMP 140–
220 mm Hg. Further increase in filtration rate, and ac-
cordingly, TMP value, led to exponential decrease in 
SFR value (see figure).

With TMP >250 mm Hg, a fall in SFR levels beca-
me especially noticeable and subsequent increase in FR 
often led to alarming levels of TMP. In such situation, 
increasing Qb was required to restore FR.

During serial observations, individual SFR stability 
was noted, session-to-session fluctuations in a particular 
patient did not exceed 10%. Average substitution volu-
me per HDF session was 18.0 ± 3.3 L, while filtration 
fraction (FR/Qb ratio) was 24.7 ± 5.2%. In 17 of the 
36 patients, substitution volume 21 L was not achieved 
during HDF. This observation was primarily due to the 
fact that in this group of patients, there were no reserves 
for increasing the blood flow rate. Use of automatic FR 
adjustment system based on blood viscosity measure-
ment allowed increasing the total convection volume by 

12–18%, while SFR was not observed below 0.4 and no 
TMP alarms were noted. At the same time, in 4 out of 
the 12 patients who used this system, the threshold sub-
stitution volume for treatment session was not achieved 
because Qb could not be increased.

According to current research, the substitution vo-
lume achieved during HDF session is a key factor in 
improving the final outcomes of program dialysis [2]. 
At present, the threshold value is 21 L without taking 
into account the ultrafiltration volume aimed at elimina-
ting interdialytic hyperhydration [3]. In routine clinical 
practice, achieving such high FR requires intense treat-
ment regimens, including creating a high transmembrane 
pressure gradient [4]. It is known that HDF with high 
TMP values increases the number of alarms requiring 
the intervention of medical staff [5]. In addition, in this 
situation, the sieving of high molecular weight subs-
tances, including albumin, significantly increases [6]. 
Although several authors consider albumin elimination 
as a positive factor contributing to removal of protein-
bound uremic toxins [7], significant albumin loss can 
reduce plasma albumin concentration. SFR and TMP 
levels help in evaluating convection flow intensity. With 
these two indicators, excessive hemoconcentration in the 
extracorporeal circuit and significant albumin sieving are 
avoided. Increasing blood flow rate is the main reserve 
to ensuring adequate (or maximum for a given patient 
and given duration of HDF session) substitution volu-
me without resorting to extreme filtration regimes and, 
accordingly, significant drop in SFR. Clear, meaningful 
management of FR is becoming increasingly important, 
given the permanent tendency towards increase in hyd-
raulic permeability and sieving coefficients of high mo-
lecular weight membranes used in wide clinical practice. 
In this regard, improvement and widespread introduc-
tion of automatic substitution rate control systems that 
increase the volume achieved during a therapy session, 
and also provide stable procedure requiring no human 
intervention, seems a promising approach.

Fig. SFR dependence on TMP during OL-HDF session with progressive increase in FR
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cOncluSiOn
Achieving maximum convection volume in HDF 

requires individualizing treatment prescription. At the 
same time, it is optimal that filtration is done in the 
most efficient rank of transmembrane pressure of up 
to 250 mmHg. The main limitation in total substitution 
volume in HDF is the inability to ensure adequate blood 
flow rate.

With modern automatic filtration rate control systems, 
maximum possible convection flow is provided in spe-
cific conditions in real time without episodes of exces-
sively high TMP and extracorporeal blood flow stops.

Identifying the substitution volumes required for pa-
tients of different sexes and ages with various anthropo-
metric and clinical data, as well as the effect of intense 
filtration regimes on treatment outcomes, require further 
investigation.
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