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Abstract

Background; Chronic Kidney Disease (CKD) is a global health concern affecting millions of individuals worldwide. Hemo-
dialysis, one of the primary therapy modalities for end-stage renal disease (ESRD), relies on dialyzers to remove waste prod-
ucts and excess fluid from the bloodstream. Over the years, advancements in dialysis technology have led to the develop-
ment of high flux dialyzers, which offer superior solute clearance compared to conventional dialyzers. This paper aims to
provide a comprehensive review on the studies done on efficiency of high flux dialyzers in CKD management, including
their impact on solute clearance, clinical outcomes, and cost-effectiveness. The method is to have a comprehensive study us-
ing the previous and recent research, dissertation, reviews and articles from nephrology organizations globally, Scopus publi-
cations and global search mediums to have a reach and robust information on the use of the high flux dialyzers and the ad-

vantages in care of CKD patients.

In conclusion the use of high flux dialyzers in dialysis patients provides multiple advantages, including enhanced clearance
of toxins, improved fluid management, reduced inflammation, better biocompatibility, improved anemia control, and poten-
tial long-term benefits in mitigating dialysis-related amyloidosis [,] These advantages contribute to a higher quality of life,

longevity and improved clinical outcomes for patients undergoing dialysis.
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Nomenclature

CKD: Chronic Kidney Disease; QB: The blood flow rate in the blood compartment [mL/min]; QD: The dialysate flow rate

in the dialysate compartment [mL/min]; B: Blood; C: Component; D: Dialysate
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Introduction

Chronic kidney disease (CKD) is a condition in
which the kidneys are damaged and cannot filter blood as
well as they should. Because of this, excess fluid and waste
from blood remain in the body and may cause other health

problems, such as heart disease and stroke [2].

To remedy this failure of the kidney to do its main
function, Hemodialysis is the most commonly used type of
therapy in Africa and most parts of the world [1] in this
method, blood is transported out of the body through tubes
and cleaned in a machine using dialysis fluid. The dialysis is
typically carried out three times per week. Each session lasts

about four to five hours.

According to Centre for disease control and pre-
vention on chronic kidney disease initiate, your kidneys are
each just the size of a computer mouse, it filters all the
blood in your body every 30 minutes. They work hard to re-
move wastes, toxins, and excess fluid. They also help con-
trol blood pressure, stimulate production of red blood cells,
keep your bones healthy, and regulate blood chemicals that
are essential to life [1]. According to Epidemiology of chron-
ic kidney disease update review by Toshifumi Nakamura
and Jonatan Barrera-Chimal (2022) for the ISN Chronic kid-
ney disease is a progressive condition that affects >10% of
the general population worldwide, amounting to >800 mil-
lion individuals. Chronic kidney disease is more prevalent
in older individuals, women, racial minorities, and in peo-
ple experiencing diabetes mellitus and hypertension. Chron-
ic kidney disease represents an especially large burden in
low- and middle-income countries [1] which are least
equipped to deal with its consequences. Chronic kidney dis-
ease has emerged as one of the leading causes of mortality
worldwide, and it is one of a small number of non-commu-
nicable diseases that have shown an increase in associated
deaths over the past 2 decades. The high number of affected
individuals and the significant adverse impact of chronic
kidney disease should prompt enhanced efforts for better

prevention and treatment.
Role of Dialyzers in Hemodialysis Treatment

Hemodialysis is a procedure where a dialysis ma-

chine and a special filter called an artificial kidney, or a dia-
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lyzer, are used to get the patient’s blood in to clean the
blood of the patient to the dialyzer; the doctor needs to
make an access, or entrance, into the blood vessels. This is
known as cannulation. Dialysis therapy cannot be done
without the part called the DIALYZER, Dialyzer is made up
thin fibrous materials, this fiber forms a semipermeable
membrane, which allows smaller particles and liquids to
pass through. The dialyzer is encased in a sealed plastic
cylinder about a foot long and approximately two to three
inches in diameter with two openings at the top and two
openings at the bottom, these openings allow effective ultra-
filtration to take place during hemodialysis therapy as they
allow easy possible and effective flow of blood and dialysate
into the dialyzer and out of the dialyzer as well as the waste

from the dialyzer.
Types of Dialyzers

Dialyzers are divided into tube type, flat type, and
hollow fiber type at present, the commonly used dialyzers
are hollow fiber type, and the flat-type and tube-type dialyz-
ers used in the early days have been basically eliminated. [1]
Dialyzers are described according to the flux, the mass trans-

fer coefficient, hydraulic permeability, and bio-incompatibil-
ity.

Dialyzer Flux

According to Davenport A. work on the role of dia-
lyzer membrane flux in bio-incompatibility. Hemodial In-
t. 2008; Dialyzer flux is defined as 32 macroglobulin clear-
ance with Low flux- <10 mL/min, mid flux- 10-20 mL/min,
High flux >20 mL/min respectively. Rather than hydraulic
permeability following reports of improved outcomes from
middle molecular weight uremic toxin removal. [1] Low
flux, mid flux, and high flux are currently defined as 2
macroglobulin clearance of <10, 10-20, and >20 mL/min re-
spectively [1] Dialyzer flux is based on molecular weight cut
off, molecular weight retention onset, biocompatibility,
mass transfer-area coefficient and hydraulic permeability Di-

alyzer flux were referred to ultrafiltration coefficient.
Dialyzer Design

In the design of a dialyzer certain areas and con-
centration must be considered which include the improve-

ment of diffusive clearance which deals with the mechanical
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space, to improve convective clearance which deals with cap-
illary diameter and membrane materials, to improve absorp-
tion which also take care of the membrane materials and to
prevent clothing which handles the reduction of protein de-

posit in hemocompatebilty using polymeric biomaterials

[1].

Tuba Yaqoob, Mohammad Ashan and Arshad
Hussan work on Computational Fluid Dynamics (CFD)
Modeling and Simulation of Flow Regulatory Mechanism in
Artificial Kidney Using Finite Element Method (2020) came

up with is diagram and analysis.
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Figure 2: Axisymmetric concentration contour of urea at both blood and dialysate side and across the membrane
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In this model, a two-dimensional transport of
mass and momentum across a three-layer isotropic-
semi-permeable membrane with a skin, middle and bulk lay-
er is considered. The velocity profiles onboth the blood and
dialysate side are portrayed with the Navier-Stokes equa-
tions in Ouseph, R. Hutchison, C.A.; Ward, R.A. Differ-
ences in solute removal by two high-flux membranes ofnom-
inally similar synthetic polymers. Nephrol. Dial. Trans-
plant. (2008) [3]Steady-state,isothermal conditions (T = 37
°C) and laminar flow prevail on both blood and dialysate
side with highdilution of solutes a review by Bird, R.B. Tran-
sport phenomena (2002), and a work by Donato, D.
Boschetti-de-Fierro, A.; Zweigart, C.; Kolb, M.(2017) [2]. It
is assumed that the viscosity of both blood and dialysate
does not changewith applied share. Therefore, these fluids

are considered incompressible and Newtonian fluids.

Dr. KfH Nierenzentrum Mu nchen-Laim 2011
stated that High-flux hemodialysis utilizes dialyzer mem-
branes with significant porosity to larger molecules ($32- mi-
croglobulin clearance >20 ml/minute) and an ensuing in-
crease in the ultrafiltration coefficient (KUF > 15 mVinmHg
per hour) Eknoyan G, Beck GJ 2010 stated. [3] The percent-
age of end-stage renal disease (ESRD) patients receiving
high-flux hemodialysis has increased from 46% in the year
2000 to about two-thirds of patients worldwide in 2009 [4].
This increase was largely driven by the desire to reduce the
high morbidity and mortality associated with conventional
low-flux dialysis (predominantly cellulosic membranes), al-
though the clinical benefits and risks of high-flux hemodial-
ysis are not well defined. Dr. KfH Nierenzentrum
Mu'nchen-Laim (2011) also concluded that the ED-
TA-ERA and a large number of national societies of
Nephrology in Europe and Japan recommend the exclusive
use of ultrapure dialysis fluid for all ESRD patients receiv-
ing high-flux hemodialysis. High-flux dialyzers extend not
only the range of diffusible molecules but also the potential
for convective mass transfer into the patient owing to back

filtration of dialysate.

The Potential disadvantages of high-flux dialyzers
include loss of albumin into the dialysate when bleach is
used for reprocessing [] and back-transfer of dialysate con-
taminants into the blood [], although some high-flux mem-

branes also adsorb and thus inhibit the back-transfer of en-
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dotoxins [3]This unique characteristic makes it very effec-
tive in toxin elimination, high volume accumulation and
highly efficient in ultrafiltration clearance. Dr. john Agor in
his article on high flux or low flux dialyzer (2013) referred
High flux dialyzers as 'leakier' dialyzers and that holds true
for bi-directional membrane transit. This means that not on-
ly can more and larger solutes be removed from the patien-
t—but at least potentially, more water-borne contaminants,
e.g. endotoxin, can get into blood through the dialyzer.
High flux dialysis is more capable of removing certain in-
flammatory substances, which may be beneficial for individ-
uals with chronic inflammation related to kidney failure.
The choice between high-flux and low-flux dialysis depends

on individual patient needs, their medical condition.

Navari et al. study on 60 hemodialysis patients
compared two types of hemodialysis buffer (bicarbonate ver-
sus acetate) and discovered that spirometry characteristics
after dialysis with bicarbonate were higher than acetate in
male hemodialysis patients independent of intradialytic
weight reduction [4]. Kovacevi¢ et al. in a study on 21 hemo-
dialysis patients reported that only forced expiratory flow
(FEF50) decreased after five to six years of follow up; howev-
er, spirometry findings were similar pri and post dialysis
[5]. Similarly, Herrero et al. in 5 years follow up of 43 pa-
tients on hemodialysis with bioincompatible membrane
showed a significant down slide in pulmonary diffusing ca-

pacity possibly due to chronic pulmonary fibrosis [3].

In another study by Alves et al,, 61 dialysis pa-
tients were evaluated and spirometry was done pre and post
dialysis. Improvement of FEV1 and FVC after dialysis was
correlated with weight loss of patients [8]. They also con-
cluded that decreased volume overload after dialysis is an
important factor in improvement of PFT findings. Con-
versely, Langs et al. did not find any significant correlation
between lung function parameters and intra-dialytic weight
loss with cellulose or high flux membrane in 14 hemodialy-

sis patients study done [3].

High-flux membranes seen have high hydraulic
permeability and higher solute permeability for middle--
sized solutes than low-flux membrane dialyzers. In 2005, to
address the problem of albumin leakage, super high-flux

membranes with a large pore size were developed in Japan
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[3]. In 2008, more than 90% of Japanese patients on hemo-
dialysis were being treated with this type of dialyzer [4]. In
africa and most part of the world today, high flux dialyzers
have been seen to give more efficiency, furthermore a more
recent study done by Masanori Abe, Ikuto Masakane, and
co. (2022) dialyzer type, classified by B2MG clearance, was
significantly associated with 3-year mortality in this large na-
tional cohort study of Japanese dialysis patients. Based on
our findings, super high-flux dialyzers might be beneficial

for hemodialysis patients.

Conclusion

The use of high flux dialyzers in dialysis patients
offers several significant advantages. Firstly, high flux dialyz-
ers have enhanced clearance capabilities, allowing for effi-
cient removal of larger molecular weight toxins and middle
molecules. This leads to improved solute removal, resulting
in better overall clearance of waste products and toxins

from the bloodstream.

Secondly, high flux dialysis membranes have a
higher permeability to water, which promotes ultrafiltration
and aids in the removal of excess fluid in patients with fluid
overload. By effectively managing fluid balance, high flux
dialysis can help prevent complications associated with vol-
ume overload such as hypertension, heart failure, and pul-

monary edema.

Moreover, high flux dialyzers have been shown to
reduce the levels of pro-inflammatory cytokines and other
uremic toxins. This anti-inflammatory effect can contribute
to the overall well-being of dialysis patients, as chronic in-
flammation is a common finding in end-stage renal disease

and is associated with various complications, including car-
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diovascular disease.

Additionally, high flux dialysis membranes offer
improved biocompatibility compared to low flux mem-
branes. This reduces the activation of the complement sys-
tem and platelets, minimizing the risk of clotting, vascular
access dysfunction, and subsequent infections. The en-
hanced biocompatibility also leads to a reduction in the

need for systemic anticoagulation during dialysis sessions.

Furthermore, the use of high flux dialyzers has
been associated with better control of anemia in dialysis pa-
tients. The improved clearance of middle molecules, includ-
ing inflammatory mediators, may contribute to the preserva-
tion of erythropoietin-producing cells in the kidney and
consequently improve the response to erythropoietin-stimu-

lating agents.

Lastly, high flux dialysis allows for more efficient
removal of certain uremic toxins, such as beta-2 macroglob-
ulin, which is associated with dialysis-related amyloidosis, a
condition characterized by the deposition of amyloid fibrils
in various tissues. By effectively reducing the levels of beta-2
macroglobulin and other uremic toxins, high flux dialysis
can potentially slow the progression of dialysis-related amy-

loidosis and its associated complications.

In summary, the use of high flux dialyzers in dialy-
sis patients provides multiple advantages, including en-
hanced clearance of toxins, improved fluid management, re-
duced inflammation, better biocompatibility, improved ane-
mia control, and potential long-term benefits in mitigating
dialysis-related amyloidosis. These advantages contribute to
a higher quality of life and improved clinical outcomes for

patients undergoing dialysis.
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