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P

lasma dialysis, which involves separation of blood cells from the plasma before the dialyzer, allowing only for the
passage of plasma through the dialyzer canal. The aim of this study was to suggest novel model of high efficacy plasma
dialysis as hemodialysis alternative. Electron microscopy imaging of the capillary lumens following an investigation plasma
dialysis and hemodialysis were performed. Full blood clearance index was calculated, basing on the percent reduction of
creatinine level before and after the dialysis both for the typical hemodialysis and plasma dialysis. Visualization of the plasma
dialysis procedure indication decrease in the number of attached blood cells of compared to the hemodialysis. Creatinine
clearance index ranged 79-86% for the hemodialysis and decreased over time during the procedure, while for plasma dialysis
ranged from 94 to 95%. Also, no decreasing trend in procedure efficacy over time was found. Based on the experimental data
two models for dialyzers were designed: rotary dialyzer and dialyzer with double capillary walls. Plasma dialysis may allow
for the improved plasma clearance with estimated about 20% higher efficacy compared to the hemodialysis based systems, be
useful in the setting of relatively low blood flow (for example 100-150 ml/min) and may reduce duration and frequency of
dialysis procedures.

Introduction
Currently it is clear that adequate degree of dialysis of patients with chronic renal failure not only prolongs their survival,
but also results in reduction of atherosclerosis progression and improves their immunity against infections or malignancies,
eventually resulting in reduction of treatment costs [1-3]. Therapy of such patients is multifactorial. Essentially it can be
divided into medical treatment (maintenance and forcing residual urine output, using an optimal diet and fluid supply, treating
an underlying disease, controlling potential infection foci, treating abnormalities of erythropoesis, lipid metabolism, calciumphosphate) and procedural treatment (renal replacement therapy) [4]. Improved degree of dialysis in these patients during
repeated hemodialysis can be achieved by, among others: increased duration and frequency of dialysis procedures, increased
blood flow through the blood channel in the dialyzer to a maximum value, increased flow of the dialyzing fluid, use of
dialyzers with large exchange areas, dialysis through two-needle access, alternating hemodialysis and hemodiafiltration
procedures [5, 6].
However, all these methods are not universally effective, in particular in patients with poor vascular access (with low
efficiency) or those who poorly tolerate increased dialysis duration or frequency [7-11]. In such cases the treatment of choice
may involve plasmadialysis as suggested in this study. Plasmadialysis is based on the principle of removing the plasma and
passing through the extracorporeal medical device for the purpose of separation of the cellular components from the blood [12].
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After separation, cellular components are re-infused to the system. It is also effective in removal of soluble immune complexes,
modulate humoral response and decrease the titers of the autoantibodies, inflammatory modulators providing beneficial effect
on the endothelial function and immune regulation [13]. Its most common uses so far have included anti-GBM nephritis,
cryoglobulinemia, or hemolytic-uremic syndrome, where removal of the circulating toxic factors is essential [14].
Here, we wish to present the concept of solution based on an assumption that diffusion of toxic compounds from the full
blood to the dialyzing fluid may be hindered by the presence of blood cells that adhere to pores in the dialyzing membrane and
impair the above mentioned process (Fig. 1). The aim of this study is to propose the new model of plasmadylisis and compare
its efficacy to the conventional hemodialysis procedure.

Fig. 1. Model of blood flow in the dialyzer capillary.

Materials and Methods
We have created the concept model of plasma dialysis, involving separation blood cells from the plasma before the dialyzer,
allowing only for the passage of plasma through the dialyzer canal. After the filtration step, plasma is returned to be combined
with previously separated blood cells before its re-infusion to the patient body (Fig. 2). For the dialyses and hemodialyses the
fresenius 4008 S device was used.
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Fig. 2. Schematic presentation of the presented plasma dialysis.

Firstly, based on these assumptions, comparison of images of internal capillary walls obtain using an electron microscope
after typical hemodialysis were performed. This stage of the study included images of the dialyzer capillary after passage of the
peritoneal cavity trans due from of female patient with uncontrolled liver cirrhosis who participates in a program of repeated
hemodialysis. All images were obtained under the same flow conditions and using the capillary and hemodialyzer model.
Obtained images are presented on figures 3-6, demonstrating internal lumens of dialyzing capillaries under various
magnifications, following a conventional hemodialysis.

Fig. 3. Light capillary dialyzer after hemodialysis (electron microscope 5 000).
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Fig. 4. Light capillary dialyzer after hemodialysis (electron microscope 50 000x).

Secondly, imaging of the capillary lumens following an investigation plasmadialysis, were performed. For this purpose
standard imaging procedure with the scanning electron microscope Zeiss LEO was used. Comparison of capillary lumens from
an electron microscope (magnification 50 000x) after a typical hemodialysis and after a plasmadialysis procedure is also
presented and indicates decrease in the number of attached blood cells.

Fig. 5. Light capilary dialyzer after plasma dialysis (electron microscope 20000x).

Fig. 6. Light capillary dialyzer after hemodialysis (electron microscope 50 000x) and light capillary dialyzer after plasma dialysis (electron microscope 30
000x).
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Results
Subsequently a full blood clearance index was calculated, basing on the percent reduction of creatinine level before and after
the dialysis both for the typical hemodialysis and an investigation plasmadialysis (Fig. 7-8).

Fig. 7. Association between creatinine clearance index and time hemodialysis.

This index ranged 79-86% for the full blood and decreased over time during procedure, while was higher for plasmadialysis
and ranged from 94-95%; furthermore no trend towards its reduction during the procedure was found.

Fig. 8. Comparison of clearance index efficacy over time for hemodialysis and plasma dialysis.

Discussion
Based on these observations we may predict that suggested method of blood clearance may be more effective if compared to
the conventional hemodialysis. In theory, one could perform the above mentioned plasma dialysis procedure using a parallel
connection of a typical plasma filter and a dialyzer. However, such system would require withdrawal of a large amount of
blood from the patients circulation (which may not always prove beneficial), while commercially available plasma filters
provide relatively small amounts of separated plasma (up to approximately 50 ml/min), which would be insufficient [13-21].
Taking into consideration these practical aspects, we wish to suggest the concept for construction of a new dialyzer type.
This dialyzer would simultaneously perform a process of separation of plasma and blood cells and perform the dialysis. Here
we present two variants of such solution: rotary dialyzer (Fig. 9) and dialyzer with double capillary walls (Fig. 10).
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Fig. 9. Rotary dialyzer.

Such dialyzer would rotate during the procedure, resulting in accumulation of blood cells on its walls, while the plasma
would remain in the central part and would be cleared through contact with flowing dialyzing fluid. Possible problems with
manufacturing of such dialyzer include constructional problems and need to maintain leak-proof system both in the blood canal
and fluid canal.
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Fig. 10. Dialyzer with double capillary walls.

With this approach, full blood would flow though an inner capillary. Its walls would posses pores (approximately 3000 000
kDa in diameter) allowing the fluid part of the blood, plasma, to be evacuated outside this component. Plasma flowing through
this space would contact a dialyzing fluid through typical dialyzing membrane (pores approximately 15 000 D in diameter) and
would be cleared conventionally. We believe that such construction of a plasma dialyzer could be optimal.
This study presents a concept model for the plasma dialysis with the separation of the cellular blood components prior to the
entry into the dialysis capillary. Benefits of these systems include stable efficacy and stability in time. The system was
indicated to allow for the stable creatinine clearance. Construction of such devices may result in the progress of the dialysis
methods and improvement of patient care. Following the construction of such plasma dialyzers and required clinical trials
these devices may contribute to the following:
Improved plasma clearance if compared to the full blood, with estimated 20% higher efficacy compared to the hemodialysis
based systems, efficient dialysis of patients even with relatively low blood flow (for example 100-150 ml/min) and low blood
pressure, the duration and frequency of dialysis procedures could be notably reduced in selected patients. In the available literature
we did not find the proposed similar solutions in terms of improving the efficiency of hemodialysis, which may indicate that it is
our individual project [5, 7, 12]. Undoubtedly, this concept requires further study, debate and attempts to design a new prototype
capillary dialyzer. Initial assumptions of our project were presented at the “Forum Nefrol.” in 2013 [22].
Conclusions: Presented dialysis methodology is a concept for the improvement of dialysis. Its key features include better
plasma clearance and higher efficacy compared to hemodialysis as well as possibility to use in the setting of the decreased
blood flow and pressure.
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