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Introduction

Abstract:Background:Fibroblast growth factors are polypeptide growth factors essential for
developmental processes like differentiation, cell proliferation, and migration. They are secreted into
circulation through paracrine or autocrine mechanisms. Fibroblast growth factor-23 (FGF23), a
circulating phosphaturic factor, regulates inorganic phosphate homeostasis. It binds to FGF
receptors, likely requiring klotho for cell surface interaction. FGF23's most significant effects are on
the kidney and parathyroid gland. In patients with chronic kidney disease (CKD), circulating FGF-23
levels are progressively elevated to compensate for persistent phosphate retention. In End-stage
renal disease (ESRD), FGF-23 cannot reduce serum phosphate levels, and abnormally high FGF-23
concentration may exert unwarranted effects, including left ventricular hypertrophy, faster CKD
progression, and premature mortality. Few data are available on FGF-23 metabolism in CKD
children. ESRD is a leading cause of death for up to 40-50% of patients, primarily due to
cardiovascular disease. Altered calcium, phosphorus, parathyroid hormone (PTH), and vitamin D
levels in ESRD cause bone-like metabolism and mineralization in the vascular tunica media. FGF-23
levels also start rising early in patients with chronic kidney disease, which is implicated in
cardiovascular and overall mortality of hemodialysis patients
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CKD is defined as an abnormality of kidney function, as determined by laboratory tests, urinalysis, or imaging
tests, which have been present for at least 3 months. CKD has replaced “chronic renal failure” and “chronic
renal insufficiency” as the globally accepted terminology for persistent renal dysfunction. This term, along
with the CKD staging system, highlights the fact that there is a wide range in the magnitude of renal
dysfunction, which occurs on a continuum (1).
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CKD is underdiagnosed and underreported worldwide, partly due to the asymptomatic nature of the disease.
As a result, its prevalence may be underestimated. There exist geographical variations in the epidemiology of
CKD, but no region of the world is untouched. The data from various national registries are limited. The
epidemiological data from the “ItalKid Project,” a prospective population-based registry, reported an
incidence of CKD of 12.1 cases per million and a prevalence of 74.7 cases per million age-related population.
Based on data from the North American Pediatric Renal Transplant Cooperative Study (NAPRTCS) chronic
renal insufficiency (CRI) database, 7,000 patients aged 2-17 years with an estimated GFR (eGFR) of less than
75 ml/min per 1.73 m2 (1994-2008) have been entered into this voluntary registry(2).

When GFR declines to less than 30 ml/min/1.73 m2, renal replacement therapy should be initiated with the
child and family. Possible therapies include hemodialysis (HD), peritoneal dialysis (PD), and transplantation.
A multidisciplinary team, including paediatric nephrologists, dieticians, psychologists, social workers, and
transplant surgeons, is involved in the preparation process (3).

PD is often preferred for younger children, as it can be performed at home without disrupting school
attendance. However, parents may learn to manage medical interventions, which can lead to parental
burnout. HD in children is typically performed in a paediatric nephrology center, but a nocturnal
hemodialysis approach has little experience. Newer forms of dialysis are still under scrutiny in adults (3).
Renal transplantation (RT) is the best management for children with stage 5 CKD, as it offers superior
survival and reduced mortality compared to dialysis. Pre-emptive transplantation improves growth and
development, while cadaveric transplant waiting lists are prioritized. Newer forms of transplantation, such as
nonheart-beating donors and paired kidney exchange, are being used to increase the kidney donor pool.
Living-related (LRD) transplantation provides shorter waiting times, convenience, and improved graft
survival compared to cadaveric transplants (4).

HD is a method used to purify blood for patients with acute or chronic renal failure by removing uremic
toxins and providing buffer and electrolytes through a semipermeable membrane, developed in 1945, it has
evolved to remove middle, protein-bound, and small water-soluble molecules. Purification of dialysis fluid is
crucial to prevent contamination with endotoxin and bacterial DNA fragments (5, 6).

Classification of Dialysis Membranes

Dialysis membranes can be classified based on:

1) Water flux or water permeability: the flux of the dialyzer is defined by its ultrafiltration
coefficient (Kuf). Clinically, the flux of the dialysis membrane is more frequently defined by
its ability to remove middle molecules (often using 32-microglobulin as the marker). Low-
flux dialyzers have small pores, which severely restrict the transport of 32-microglobulin;
while high-flux dialyzers permit the transport of $2- microglobulin to various extents.
Modified cellulosic membranes and synthetic membranes can both, either high-flux or low-
flux dialyzers (6). This classification helps determine the suitability of dialyzers for different
renal replacement therapy treatment modes. Water flux, expressed as the ultrafiltration
coefficient KUF, is derived from in vitro tests and correlates with surface area. However, KUF
and permeability for larger proteins may not necessarily correlate, depending on the
membrane's pore morphology (7, 8).

Table 1 Classification of dialyzers based on dialysis membrane permeability (9).

Low-flux Mid-flux  High-flux Super-flux (Protein-
leaking)
Ultrafiltration coefficient (Kur) (ml/h/mm <10 10-20 >20 >20
Hg)
Instantaneous  (z-microglobulin  plasma <10 10-20 >20 >20
clearance (ml/min)
Albumin loss per 4 h treatment (g) 0 0 <2 >2

Suitable treatment modality HD HD (HDF) HD, HF, HDF = HD
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2) Biocompatibility: refers to the effects of a membrane on complement system activation and
transient leukopenia in blood during dialysis treatment. Three classes of biocompatibility
can be defined according to the chemical composition of the dialysis membranes (8):

e Bioincompatible unsubstituted cellulose membranes: the most commonly used
polymer for dialysis membranes until the 1990s. However, unsubstituted cellulose
membranes are impermeable for larger substances, only allowing small molecules
like vitamin B12 to pass. Due to bioincompatibility, the use of unsubstituted
cellulose membranes has become unpopular, and production is likely to cease in the
near future(10).

e More biocompatible substituted/modified cellulosic membranes: offer improved
biocompatibility and mechanical strength, eg Hemophan® and SMC® which are
low-flux hydrophobic membranes, and Polyethylene glycol (PEG) which used to
create larger pore membrane and reduce permeability, also there are Cellulose
acetate membranes which vary in permeabilities and thickness, but are sensitive to
pH changes and can cause severe patient injuries (11).

e  Biocompatible synthetic dialysis membranes :since the mid-1990s, synthetic
membranes have been widely used in dialysis, Polysulfone and polyethersulfone are

the most widely used, highly biocompatible membranes, while others include
DIAPES®, Polyamix®, Helixone®, PUREMA® H, PMMA, and EVAL (12).
Some reports suggest that increasing biocompatibility improves patient outcomes, while others find no
differences in morbidity and mortality. However, the production of bioincompatible unsubstituted cellulose
dialysis membranes is approaching an end, potentially affecting substituted cellulose (13).

> High flux or Low flux membranes??

The quality of life is one of the most consistent and powerful predictors of mortality and hospitalization in
hemodialysis patients. The use of high-flux membranes can improve the adequacy of dialysis. These
membranes can remove middle and large-size molecules, such as 32 microglobulin, which has been shown to
lower complications attributed to b2 microglobulin-mediated amyloidosis such as carpal tunnel syndrome,
dialysis-associated arthropathy, and mortality (14).

Compared with low-flux cellulose, intermittent hemodialysis with a high-flux synthetic membrane had
beneficial effects on the outcome (mortality, sepsis, and renal function) (15).

High-flux dialysis was associated with improvements in reducing serum 32 microglobulin, and advanced
oxidation protein products, this supports the adequacy of high-flux membranes in achieving optimal dialysis
(16).

Synthetic high-flux dialyzers were associated with improvements in neutrophil functions and plasma
lipolytic activities, compared with low-flux cellulosic membranes. In addition, high-flux dialyzers were
associated with lower rates of amyloidosis and death, compared with low-flux dialyzers. Since high-flux
dialysis is so much more efficient, it can allow a significant reduction in dialysis times, often by 25 percent
(17).

The high-flux membranes were associated with reducing erythropoietin resistance, which might be related to
a reduction in the level of PTH among patients with renal disease. High-flux filters with large pore sizes are
efficient in the removal of toxins with medium weight but may also be markedly decreased (18).

High-flux dialyzers can improve a patient's quality of life by improving general health, physical and mental
health, physical functioning, symptoms, kidney disease effects, and social support (19).
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> Potential benefits of high flux dialysis are summarized in this table 2 (20):

Y

treatment time

Reduced morbidity and hospital admissions
Potentially higher patient survival rates
Reduced complement activation

Decreased inflammation

Decreased protein catabolism

Reduced hypersensitivity reactions to dialyzer
Improved neutrophil and lymphocyte function
Reduced infection

Improved nutritional status

Improve neuropathy

VVVVVYVYVYVYYVYYVY

» Disadvantages of High Flux Dialysis:
The major possible disadvantage of high flux dialysis regards pyrogen reactions. These reactions,
characterized by high temperatures in patients during dialysis treatments, are caused by small pieces of dead
bacteria that can be found in the dialysate. Although these reactions are not dangerous, they are
uncomfortable for patients and typically require short hospitalizations for observation. Some nephrologists
feel that because high-flux dialyzers have larger pores, the bacterial particles can pass more easily into the
patient’s bloodstream and that patients on high-flux dialysis have more frequent pyrogen reactions.Rapid
solute shifts can cause dialysis disequilibrium syndrome in patients with high blood urea nitrogen
concentration, especially during initial treatment (21).
It is important to note that adequacy of dialysis must be maintained, some patients may not be able to greatly
shorten dialysis times when switching from conventional to high flux dialysis. Because treatment dose is
affected by the combination of dialyzer clearance and time spent on the treatment modality, strict adherence
to the recommended guidelines for urea clearance is essential for short hemodialysis to be safe and effective
(22).
Any reduction in treatment time must be counterbalanced by a proportionate increase in the dialyzer
clearance of low molecular weight substances to prevent under delivery of dialysis. To achieve this, blood
flow rates should be maintained at 350 to 450 mL/min to optimize dialyzer performance. In addition, up to
10% more clearance can be obtained by increasing dialysate flow from 500 to 800 mL/min (23).
Another requirement for successful short hemodialysis is sufficient removal of interdialytic weight gain
(IDWG) without causing cardiovascular instability or patient discomfort. Rapid ultrafiltration rates (UFRs)
can be associated with hypotension and hemodynamic instability, especially if the UFR exceeds the rate of
vascular refilling. A Dialysis Outcomes and Practice Patterns (DOPP) study analysis showed that UFRs of
greater than 10 mL/hr/kg were associated with a 9% increased mortality risk(24).
The removal of fluid over a short period of 2-5 hours increases the risk of hypotension, particularly in
patients with poor cardiac function or autonomic neuropathy. Short treatment times have a greater impact on
the margin of safety compared to long treatment times. High blood flow rates may also predispose patients to
vascular access damage (25).
Patients at particular risk for hemodynamic complications include those with underlying cardiac disease—
namely, cardiac ischemia, arrhythmias, systolic or diastolic dysfunction—as well as those with autonomic
dysfunction and persistent excessive IDWG. Therefore, educating about intradialytic weight gain is essential
when utilizing short hemodialysis. Short hemodialysis is attractive because it offers the potential for reduced
labor costs as well as patient and staff convenience(26).

Higher clearance of small solutes, such as urea, compared with conventional dialysis without increase in
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However, the same requirements for adequacy must apply to these shortened treatments as with
conventional hemodialysis: to ensure effective solute removal and volume control without compromising
patient well-being. At present, most studies evaluating the adverse effects of shortened dialysis time on
morbidity and mortality are limited by confounding issues such as the delivery of inadequate dialysis;
inconsistencies among membrane characteristics concerning efficiency, flux, and biocompatibility, as well as
lack of long-term follow-up (27).

Structure of FGF23

Human FGF23, a 32-kDa glycoprotein, is mainly produced by osteocytes and osteoblasts. However, low levels
of FGF23 messenger RNA have been detected in the brain, thymus, spleen, small intestine, heart, and testis.
FGF23 production has also been noted in response to trauma in liver, kidney, and heart. Intact FGF23 is
cleaved by an unknown protease into inactive amino-terminal and carboxy-terminal fragments. During
maturation, FGF23 is glycosylated at several sites which protects it from proteolysis and facilitates its
secretion (28, 29).

Intact FGF23

A Y
| ]
N - FGF homology region c
(FGFR-binding domain)
I
1 24 25 180 X Y 251

Inactivating proteolytic cleavage

Amino-terminal and carboxy-terminal FGF23 fragments

N - Amino-terminal fragment I - C

25 179 180 A 251

Figure 1. (Protein Structure of Fibroblast Growth Factor-23 (FGF-23)) (30).
FGF23 is a 32-kDa glycoprotein with 251 amino acid residues, including a signal sequence, amino-terminal

FGF homology domain, and specific carboxy-terminal sequence. It can be secreted or cleaved into inactive
fragments by a protease between aa 179 and 180 (30).

The plasma half-life of iFGF23 is estimated to be between 20 and 60 minutes, with rapid normalization after
tumor removal. ELISA kits measure FGF23, with neutralizing antibodies showing aKlotho binding and FGFR
binding (31).

The FGF23 receptor, a homodimer of FGFR and aKlotho, regulates mineral ion homeostasis (phosphate and
vitamin D) in kidney, parathyroid glands, osteoblasts, and osteocytes (32, 33).

FGF23 Actions on the Kidney

FGF23 actions on the proximal tubule

The preservation of phosphate homeostasis is a complex interplay between bone, the gastrointestinal tract,
and the kidneys and it is regulated by hormones including parathyroid hormone (PTH), 1, 25-hydroxy
vitamin D, and FGF23. FGF23 acts on the renal proximal tubule to inhibit reabsorption and calcitriol
production. FGF23 complexes with Klotho at FGFRs, which decreases proximal tubule expression of the
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sodium phosphate, inducing phosphaturia. FGF23's phosphaturic action is mainly determined by the down-
regulation of the apical membrane sodium phosphate (34, 35).

FGF23 decreases the conversion of 25-hydroxy vitamin D into its active form (1, 25-hydroxy vitamin D) in
proximal tubular cells. It also increases catabolism of 1, 25-hydroxy vitamin D. These two effects lead to a
decrease in circulating calcitriol levels and intestinal absorption of phosphate and calcium (36, 37).
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o Figure 2.( FGF23 actions on the proximal and the distal tubule)
FGF23 inhibits sodium/phosphate cotransporters, causing renal phosphate reabsorption. It stimulates renal
24-hydroxylase, reducing serum calcitriol and intestinal phosphate absorption. This leads to increased
phosphate intake and FGF23 production. It also inhibits PTH synthesis and secretion, whereas PTH stimulates
FGF23 production (30).
FGF23 actions on the distal tubule
FGF23 increases calcium reabsorbtion, a process that correlates positively with serum calcium and negatively
with urinary calcium/creatinine ratio in healthy individuals. FGF23 is therefore also a calcium conversing
hormone. The parathyroid gland hyperplasia and the consequent increase in PTH secretion are responsible
for hyperparathyroidism observed in ESRD, due to the incorrect control of PTH secretion, which occurs
parallel to the parathyroid gland growth (38).
High levels of PTH directly inhibit the production of red blood cells and increase their
fragility.Hyperparathyroidism can also cause bone marrow fibrosis, reducing the production of red blood
cells. This is the explanation of reducing hemoglobin levels, anamia, in chronic kidney disease (39).

» FGF-23 in Children With End Stage Renal Disease on Hemodialysis
ESRD is a leading cause of death for up to 40-50% of patients, primarily due to cardiovascular disease.
Altered calcium, phosphorus, parathyroid hormone, and vitamin D levels in ESRD cause bone-like metabolism
and mineralization in the vascular tunica media. FGF-23 levels also start rising early in patients with chronic
kidney disease, which is implicated in cardiovascular and overall mortality of hemodialysis patients (40).
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In patients with CKD, circulating FGF-23 levels are progressively elevated to compensate for persistent
phosphate retention. In late CKD, FGF-23 cannot reduce serum phosphate levels, and abnormally high FGF-23
concentration may exert unwarranted effects, including left ventricular hypertrophy, faster CKD progression,
and premature mortality. Few data are available on FGF-23 metabolism in CKD children (41).

Reduced renal function directly affects phosphorus reabsorption. The kidney becomes incapable of filtering
enough phosphorus, and its high level in the blood directly stimulates the parathyroid gland, which in turn
stimulates FGF-23 synthesis and secretion by the osteocytes. In ESRD, the kidney becomes no longer
responsive to FGF-23 and reduces Klotho production by the kidney (35).

High levels of FGF23 observed in CKD patients may contribute to the prevention of calcium loss, it is also
involved in calcium regulation at the cellular level including atrial cells, which could be one of the
explanations for the observation that higher FGF23 levels are associated with atrial fibrillation (42, 43).
FGF23 metabolism is influenced by iron deficiency and inflammation. Accelerated FGF23 production and
cleavage during the acute phase of inflammation and iron deficiency increase the amount of cleaved C-
terminal FGF23 compared with bioactive intact FGF23.The production and cleavage of FGF23 are diminished
and seem to gradually stabilize during the chronic inflammatory phase, whereas levels of intact FGF23
become relatively increased compared with those in the acute phase (44, 45).

High FGF23 values, iron deficiency and inflammation are independently associated with increased mortality
among patients with CKD. Thus, adequate management of FGF23 would help to improve the survival of such
patients (46, 47).

» The Effect of High Flux versus Low Flux Dialyzers on (FGF-23) Hemodialysis Children

High-flux dialysis membranes are more permeable than low-flux membranes, allowing for the removal of
larger molecules, including uremic toxins, which can improve dialysis therapy. This is particularly useful in
complex cases like acute renal failure, multiorgan failure, and sepsis, where the removal of humoral
mediators like proinflammatory cytokines, which are larger than 20,000 Da, can potentially modulate the
course of the disease(48).

ESRD patients with altered calcium, phosphorus, PTH, and vitamin D levels are at higher risk of
cardiovascular and overall mortality. High-flux dialyzers may be a potential treatment option for ESRD
patients, as they may reduce the risk of cardiovascular and overall mortality (49).

Hypoalbuminemia is a common issue in patients with ESRD, which is caused by reduced synthesis and
increased degradation of albumin. The altered albumin homeostasis in ESRD patients is linked to a systemic
inflammatory state, which is closely related to mortality. The increase in serum albumin when using high-flux
compared to low-flux dialyzer. This could be due to enhanced serum albumin and nutritional state with high-
flux dialyzers, potentially due to improved dietary intake or removal of plasma substances that inhibit
appetite. Leptin, a middle-sized uremic toxin, could be removed with high-flux dialyzer (50).

FGF-23 could represent a promising therapeutic target for improving the fatal prognosis of dialysis children
with chronic renal failure in managing disordered phosphorus metabolism. Further research is needed to
determine whether lowering FGF-23 levels improves outcomes in children on maintenance hemodialysis
(51).

High flux dialysis better enhance removal of excess FGF23 than low flux dialysis, this cause better impact on
regulation of inorganic phosphate homeostasis, PTH and other related substances with improvement of
general health (52, 53).
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