Chapter 11
Effects of Convective Dialysis Techniques
on Electrolytes and Mineral Metabolism

Andrew Davenport and Marc Vervloet

Abstract During hemodiafiltration, a large amount of substitution fluid, which has
the same electrolyte and buffer concentration as the dialysate, is infused into the
patients. Since the composition of the dialysis fluid is considerable different from
the blood, bidirectional transmembrane exchanges occur which affect the final bal-
ance of vital anions and cations. These dynamics are greatly influenced by both the
site of the infusion, i.e. before, halfway or after the dialyzer, and the magnitude of
the convection volume. The current chapter describes the effect of hemodiafiltration
on a variety of small molecular weight substances, such as sodium, potassium, cal-
cium, magnesium, bicarbonate, chloride, phosphate and acetate. In addition, the
influence of hemodiafiltration on some of the key parameters involved in CKD-
MBD, including vitamin D, parathyroid hormone and fibroblast growth factor 23, is
discussed.
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Sodium

Sodium is a small positively charged cation. Besides covalent binding, sodium will
also bind electrostatically to negatively charged proteins and lipids and as such there
is a difference between the absolute sodium concentration in serum and that reported
by standard laboratory potentiometry methods which determine sodium activity.
Thus, as blood passes through a dialyzer, only that sodium which is freely available
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to diffuse will cross the dialyzer membrane into dialysate if there is a positive
gradient between serum sodium activity and that in the dialysate. As such sodium
chemically or electrically bonded to other molecules is not freely available for dif-
fusion. In addition, diffusion of molecules must maintain electrical neutrality
(Gibbs-Donnan effect). On the other hand, during convection sodium can move
across the dialyzer membrane with convective plasma water movement, which
includes “free” sodium but also sodium bound to small molecular weight com-
plexes. During extracorporeal therapies, the dialyzer membrane surface becomes
coated with proteins. As such, sodium movement is then reduced by binding to
proteins in this dialyzer membrane boundary layer. Thus, the amount of sodium in
the ultrafiltrate will be slightly lower than that in plasma water [1]. The sieving coef-
ficient (the ratio of ultrafiltrate to serum concentration) varies with predilution com-
pared to postdilution haemofiltration, due to the diluting effect of infusing fluid and
differences in membrane protein deposition. Although the difference in sieving
coefficient appears small (Fig. 11.1), this will potentially make a difference in
sodium balance when large volumes of fluid are exchanged (Fig. 11.2). The site of
the replacement fluid has a much greater potential effect on the sodium balance
compared to the replacement/substitution fluid sodium concentration [2].
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HDF combines both convective and diffusive clearance [3]. The convective
element reduces net diffusion, particularly with the predilution mode by diluting
solute concentrations. Depending upon the gradient between dialysate and serum
sodium concentrations, sodium may be additionally lost or gained by diffusion [4].
Pedrini proposed a formula to estimate sodium changes with different forms of dialy-
sis to account for different predialysis plasma sodium concentrations and different
plasma to dialysate sodium gradients [5]. Acetate free hemodiafiltration or biofiltra-
tion (AFB), in which a bicarbonate free dialysate is used in combination with postdi-
lution infusion of sodium bicarbonate, leads to a greater predicted positive sodium
balance, followed by postdilution HDF with lower convective exchange volumes
(Fig. 11.3). In theory, high volume postdilution HDF would be predicted to lead to an
increased positive sodium balance compared to standard bicarbonate haemodialysis
(HD), as larger convective volumes will increase protein deposition on the dialyzer
membrane surface so increasing the charged protein polarisation boundary layer and
so restricting sodium movement from the plasma water into the ultrafiltrate by reduc-
ing the sieving coefficient.

Although convective modes appear to result in a positive sodium balance, it must
be recognised this relates to isovolaemic treatments [6], whereas in standard clinical
practice most patients gain weight between treatment sessions and so will require
ultrafiltration, which will result in a net overall sodium loss. However, HDF treat-
ments, particularly when operated in the postdilution mode, are more likely to lead
to a positive sodium balance than equivalent predilution HDF treatments (Fig. 11.4)
[5], and this needs to be considered when choosing a sodium concentration for a
given on-line HDF modality. In clinical practice, when patients are switched from
standard haemodialysis to haemodiafiltration, a lower dialysate sodium concentra-
tion should be selected.
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Fig. 11.3 Theoretical predictive differences in sodium balance based on the Pedrini equation [5]
between haemodialysis and haemodiafiltration treatments, for a range of different dialysate
(Dsodium) to plasma (Psodium) sodium gradients
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Fig. 11.4 Theoretical predictive differences in sodium balance based on the Pedrini equation [5]
between pre and postdilution modes of haemodiafiltration treatments, for a range of different dial-
ysate (Dsodium) to plasma (Psodium) sodium gradients

Potassium

Potassium is a small positively charged cation that is rapidly cleared during HD, as
clearance is predominantly by diffusion. As with sodium, the sieving coefficient of
potassium for convective clearance is less than one [6], and similarly the sieving
coefficient is slightly higher for predilution HDF compared to the postdilution
mode [2]. Compared to hemodialysis, less potassium will be removed by pure con-
vective treatments. Although the sieving coefficient of potassium is higher with
predilution, as the replacement/substitution fluids contain a much lower potassium
concentration than the serum, the diluting effect of predialyzer fluid administration
results in a lower potassium clearance compared to postdilution mode. Although
HDF adds a diffusive element to potassium clearance, the convective clearance
reduces the diffusive potassium clearance during passage through the dialyzer, and
as such reduces potassium loss. As such, HDF, particularly in the predilution mode,
is not as effective in total potassium removal compared to HD [7]. Meanwhile, the
changes in electrocardiography QTc intervals, QRS dispersion and supraventricular
premature beats depend more on the gradient between plasma and dialysate con-
centrations, rather than dialysis mode [8, 9], and, as with HD, modelling of potas-
sium in the dialysate to minimise the potassium gradient reduces the risk of
arrhythmias during HDF [10].

Although potassium removal during HDF is not affected by dialysate sodium
concentration, the post-treatment rebound in plasma potassium is faster and greater
when a positive sodium gradient (dialysate to plasma sodium) has been used com-
pared to a negative sodium gradient [11].
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Calcium

Extracorporeal calcium clearance is more complex than that of sodium and potas-
sium due to greater protein binding of calcium. Approximately 40 % of serum cal-
cium is bound, predominantly to albumin, but also to other negatively charged
proteins and solutes. The equilibrium dynamic between free and bond calcium is
not only affected by albumin concentration but also pH. Thus, when considering
calcium clearance during extracorporeal therapies, changes in serum bicarbonate
and pH have to be considered. Due to protein binding, the sieving coefficient for
calcium is lower than that for sodium and potassium (Fig. 11.5). The difference in
calcium mass transfer between predilution and postdilution modes is greater for
calcium compared to sodium and potassium, as the calcium concentration of the
replacement/ substitution fluids is typically higher than serum ionised calcium [2].
As such, with isovolaemic higher convection treatments (no net ultrafiltration) then
net calcium balance becomes more positive with postdilution mode [2, 12]
(Fig. 11.6). Although calcium balance will also depend upon the calcium
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composition of the replacement/substitution fluids, as with sodium, the infusion site
of replacement/substitution fluids has a potentially greater effect on calcium balance
[13]. Although some calcium will be removed by net ultrafiltration, most patients
will be in a positive calcium balance when treated with convective techniques, and
this accounts for the reports of lower PTH and greater response to calcifediol in
patients treated by HDF [14].

Although adding a diffusive clearance with HDF will alter calcium balance
depending upon the gradient between the respective dialysate and serum ionised
concentrations, convective clearance of calcium has a greater effect on net calcium
balance [15]. Predilution mode will have the least effect on diffusive clearance.
Depending upon the calcium concentration chosen, administration of fluid in predi-
lution mode will either increase or reduce the ionised plasma calcium concentration
entering the dialyzer, but as the same calcium concentration is present in both the
dialysate and replacement/substitution fluids, this will minimise the differential cal-
cium gradient, between calcium entering the hemofilter and calcium in the dialy-
sate. The gradient for diffusion will potentially be greater in postdilution mode [13].
As such, calcium mass transfer in HDF is also affected by the infusion mode. For a
given concentration gradient between blood and dialysate, calcium balance in low
volume post-dilution HDF may be similar to conventional HD [15], or positive,
depending upon the amount of ultrafiltration [16]. Thus some clinicians have
suggested to lower the dialysate calcium concentration during postdilution HDF to
reduce the risk of a positive calcium balance [12].

As net calcium balance could be negative in the pre-dilution mode, especially
with higher ultrafiltration rates and targeted weight loss, it has been suggested that
the dialysate calcium concentration should be increased by approximately
0.25 mmol/I to maintain a comparable balance, when switching treatment from HD
to pre-dilution HDF [15].

When choosing a dialysate calcium concentration for HDF, ideally this should be
prescribed taking into consideration both the predicted HDF dialysis calcium mass
balance, and the other concomitant therapies (calcium containing medications, vita-
min D analogues) and the underlying type of mineral bone disease.

Magnesium

Magnesium, similar to calcium, has significant plasma protein binding, with some
40-50 % protein bound. As magnesium is widely present in the diet, healthy dialy-
sis patients are more likely to develop hypermagnesaemia, and as such most dialy-
sate and replacement/ substitution fluids contain equivalent normal or low ionised
levels of magnesium [12]. Magnesium has a similar sieving coefficient to calcium,
and as the replacement/substitution fluids have an equivalent magnesium concentra-
tion to the plasma ionised magnesium, predilutional modes may result in a negative
magnesium balance, whereas postdilutional convective modes will potentially result
in a positive magnesium balance [6].
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The difference between calcium and magnesium balance is that most centres use
a standard dialysate magnesium concentration of 0.5 mmol/l, which is around the
lower limit of the normal plasma ionised magnesium concentration of
0.55-0.75 mmol/l, whereas on the other hand most dialysate calcium concentrations
have a relatively high ionised dialysate calcium concentration of >1.0—1.25 mmol/l
compared to the plasma ionised calcium concentration of 1.1-1.4 mmol/l [17]. As
such, there is usually diffusive loss of magnesium during conventional HD. Adding
a diffusive clearance with HDF may reduce diffusive losses in predilutional mode
by diluting down the concentration gradient, and on the other hand increase
diffusional losses in the postdilutional mode. However as with calcium, convection
plays a greater role in determining magnesium balance. Predilution leads to greater
convective losses, which increase with higher convection volumes [2].

Bicarbonate

Bicarbonate is a small negatively charged anion which requires transport across cell
membranes, yet due to the protein boundary layer deposited on the dialyzer surface
readily passes across the dialyzer, with a slight positive sieving coefficient. As such
the sieving coefficient is greater in predilutional mode compared to postdilution
[18]. Most replacement/substitution fluids contain supraphysiological levels of
bicarbonate, and those for HDF will also contain a small amount of acetate, to pre-
vent calcium carbonate deposition [19]. Predilution convection will result in less
overall base accumulation [20], as there will be increased convective losses of both
bicarbonate and acetate compared to the postdilution mode. Infusion of bicarbonate
into the plasma leads to an increase in plasma pH, which then results in both an
increased influx of calcium into cells and also increased plasma protein binding, so
increasing the overall net calcium balance.

Bicarbonate moves rapidly from dialysate into plasma by diffusion down a con-
centration gradient. As such, adding a diffusional element with HDF improves cor-
rection of acidosis compared to pure convection techniques. Although in theory
predilution by reducing the concentration gradient could potentially reduce the net
bicarbonate influx compared to postdilution mode, in clinical practice there is no
discernible difference between pre- and postdilution modes due to the predominance
of diffusive bicarbonate movement compared to that of convective transport [21].

Chloride

As with bicarbonate, the sieving coefficient for chloride convection is just above one
with predilution HDF and falls slightly with post-dilution [2]. Although most chloride
concentrations for HD dialysates are around 110 mmol/l, commercially available
replacement/substitution fluids for continuous forms of hemofiltration and
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hemodiafiltration have a wide range of concentrations from 105 to 115 mmol/l.
Depending upon the relative difference between serum and HDF replacement/substitu-
tion fluids, chloride balance may be negative or positive [6, 20]. The use of replacement
fluids with lower concentrations of chloride increase the incidence of hypochloraemia,
but improve the correction of metabolic acidosis, whereas higher chloride replacement
solutions may lead to hyperchloraemia and metabolic acidosis. For the same chloride
concentration predilution will tend to reduce chloride losses compared to postdilution
[22].

As with bicarbonate, chloride quickly diffuses across the dialyzer membrane
during HDF. Although in theory predilution HDF mode will reduce any chloride
gains and losses in hypochloraemic and hyperchloraemic patients respectively,
compared to postdilution mode, in clinical practice chloride balance is predomi-
nantly determined by diffusion. Most commercially available dialysate fluids con-
tain a chloride of 110 mmol/l, and this will determine net chloride gains and losses
during a treatment session [21].

Phosphate

Although phosphate is a relatively small molecule, due to its charges it has a
larger water shell and so moves somewhat slower, such that whereas urea concen-
tration in a red blood cell will fall during the time it takes to pass through the
dialyzer, phosphate will not. As phosphate is predominantly intracellular, phos-
phate clearance by extracorporeal therapies is limited by the rate of movement
from intracellular stores into plasma water, rather than by clearance from plasma
water [23]. As replacement/substitution fluids for hemofiltration or hemodiafiltra-
tion traditionally contain no phosphate, more phosphate is cleared with higher
convection volumes [24] and postdilutional convective therapies clear more phos-
phate than predilution modes. Similarly, as dialysates do not contain phosphate,
adding a diffusional clearance with HDF, then more phosphate is cleared by dif-
fusion than convection [25]. This diffusional element is lower in the predilutional
mode as compared to postdilution HDF, and also reduced with increasing haema-
tocrit [25]. Several observational studies have reported that serum phosphate con-
centrations are lower when switching patients from HD to HDF, or comparing
cohorts of HDF to HD patients with similar small solute clearance [26, 27]. In
clinical trials, predialysis phosphate levels either did not differ between patients
treated with online postdilution hemodiafiltration or (mainly) high-flux hemodi-
alysis [28, 29], or was slightly but significantly lower in patients treated with
postdilution HDF as compared to low-flux hemodialysis [30]. However it has to
be remembered that serum phosphate is a composite of dietary phosphate intake,
gastrointestinal binding with phosphate binders, residual renal clearance and dia-
lyzer clearance.
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Acetate

Dialysates and on-line infusion fluids are made by mixing treated potable water
with acid and bicarbonate concentrates. The mixture then contains calcium and
carbonate which can precipitate out within the dialysate circuitry in the haemodi-
alysis machine. To prevent or minimise such precipitation, a small amount of
acetate (3—4 mmol/l) is typically added to the dialysate. Historically in the
1960s—1980s standard dialysates for low flux haemodialysis contained acetate
rather than bicarbonate as the anionic base. Although meta-analysis of randomised
trials did not show an overall benefit for bicarbonate dialysate, several studies
linked acetate based dialysates with a greater risk for intra-dialytic hypotension.
During on-line HDF, re-infusion of an acetate containing fluid will lead to
increased acetate delivery to the patient. Predilution fluid replacement will reduce
acetate delivery compared to postdilution at similar infusion rates. There will also
be an additional acetate influx due to the presence of acetate in the dialysate.
During on-line HDF the serum acetate will typically be limited to around a maxi-
mum of 0.5 mmol/l [31], but this hides the fact that there is a net acetate flux, with
acetate passing into cells. Alternatives to on-line HDF include HDF using pre-
prepared sterile bags of substitution fluid, or acetate free biofiltration, in which a
bicarbonate free dialysate is used in combination with reinfusion of sodium bicar-
bonate in postdilution mode [32]. Small studies have reported that acetate free
treatments cause less leukocyte and monocyte activation and lower inflammatory
cytokine releases [33]. However there have been no clinical studies showing any
differences in intra-treatment cardiovascular stability or longer term nutritional or
survival differences between acetate containing fluids and acetate free fluids for
HDF [5, 34].

Teaching Points I

* High volume HDF may result in a net zero sodium balance, depending on
the sodium concentration of the substitution fluid used

* The infusion site of both calcium and sodium has a greater effect on ionic
balance than its concentrations in the substitution fluid

* High volume HDF may result in a positive calcium balance, depending on
dialysate calcium concentration and prescribed medication

* Predilution HDF may lead to undesirable magnesium losses

* In HDF, both bicarbonate and chloride transport are mainly determined by
diffusion

* As far as serum levels of phosphate are concerned, HDF offers no advan-
tage over high-flux HD.
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Vitamin D

Since the lipophylic vitamin D metabolites like cholecalciferol, calcitriol, and its
catabolic products 24,25 dihydroxycholecalciferol and 1,24,25 (OH); cholecalcif-
erol are all nearly completely bound to Vitamin D Binding Protein (VDBP), their
clearance by either diffusion or convection is negligible. Although in peritoneal
dialysis some vitamin D may be lost in the dialysate, along with VDBP, this dialysis
technique too does not lead to a clinically relevant decline in its plasma concentra-
tions [35, 36]. Nevertheless, due to changes in calcium and phosphate homeostasis
specifically induced by HDF techniques as described above, altered vitamin D lev-
els could be induced by biological feedback systems. In addition, improved clear-
ance by HDF of (yet unidentified) middle-molecules involved in vitamin D
metabolism could change its levels.

Observational data do show indeed that online HDF is associated with higher
25(OH)D3 levels as compared to conventional HD [37]. Although no correction for
potential differences in calcium balance was carried out, the presumed impact of
calcium balance on this storage form of vitamin D is probably limited, and therefore
this finding suggests either improved gastrointestinal uptake or cutaneous produc-
tion of 25(OH)D3, or delayed catabolism during HDF. The clearance of fibroblast
growth factor 23 (FGF23), a vitamin D catabolic hormone, is higher for HDF, see
next paragraph [38]. However, this does not explain the higher levels of 25(OH)D3,
as the assays used to detect this vitamin D compound do not differentiate 25(OH)
D3 from its catabolic product 24,25(0OH),D3. FGF23 could however increase the
ratio 24,25(0OH),D3/25(0OH)D3, which may remain unnoticed due to the lack of
specificity of the assay. Nevertheless, the observation that supplementation of non-
active vitamin D to patients treated by on-line HDF induces a higher peak level than
those treated by conventional HD does suggest a “vitamin D sparing effect” of the
former technique, see Fig. 11.7 [14]. This assumption is also supported by the evo-
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Fig. 11.7 Response to treatment with calcifediol. Left panel: Levels of 25(OH)vit D3 before and
after 4 months of treatment with iv calcifediol (266 pg once a week after treatment) in 23 patients
treated with high-flux hemodialysis and 13 patients treated with postdilution online hemodiafiltra-
tion. Right panel: Levels of 25(OH)vit D3 without supplementation during the same time frame in
15 patients treated with high-flux hemodialysis and 8 patients treated with postdilution online hemo-
diafiltration (Reprinted from Perez-Garcia et al. [14]. With permission from Revista Nefrologia)
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lution of 25(OH)D3 levels in non-supplemented patients in the two different dialy-
sis modalities, showing a steeper decline for conventional HD [14].

Since the skin is the most important source of vitamin D by far, due to local pro-
duction under the influence of UV-B light, a potentially important advantage of
HDF may be the improvement of skin hyperpigmentation as compared to conven-
tional HD [39]. This improvement is likely related to improved clearance of middle-
molecules involved in regulation of melanin since this feature is also present in
peritoneal dialysis [40]. The attenuated hyperpigmentation probably facilitates the
penetration of UV-B light [41], although the hyperpigmentation in CKD may not be
due solely to a melanin dependent mechanism.

Parathyroid Hormone (PTH)

PTH is a polypeptide hormone with a molecular weight of 9.4 kDa, and as such it
classifies as a middle molecule. These properties predict improved dialysability of
PTH in HDF and indeed this hormone can be detected in the dialysate, although the
amounts of intact PTH are low [42]. The most important method of clearance appears
to be adsorption onto the dialyser membrane and is dependent on the material of the
membrane used [43]. At least when compared to high-flux HD, online HDF does not
lead to increased clearance of PTH in either observational studies [44] or prospective
randomized trials [29]. Based on its molecular weight, improved clearance during
HDF over low-flux HD is likely, as high-flux HD, even after correcting for ionized
calcium, leads to lower PTH concentrations than low-flux HD [45].

Besides direct increased clearance during HDF, this technique can influence
PTH levels by modifying PTH secretion from the parathyroid glands. Several
humoral factors are involved in PTH regulation, like calcium and phosphate con-
centrations, and active vitamin D and FGF23 levels. The latter two hormones are
both inhibitors of PTH production and secretion, but their kinetics diverge during
HDEF. As vitamin D (at least 25(OH)D3) tends to increase and FGF23 tends to
decline (see next paragraph), the net effect on PTH secretion may be balanced. As
outlined above, HDF can impact calcium homeostasis in a complex fashion, depend-
ing not only on calcium concentrations in the dialysate and replacement fluids, but
also on to the mode of HDF, i.e. predilution or postdilution. Since calcium is the
single most important immediate regulator of PTH secretion, and its effects are
swift [46], the consequences of HDF on PTH are to a large extent mediated by
changes in either calcium concentration or balance. Furthermore, some clearance of
PTH by absorption onto the dialyser membrane or filtration across highly perme-
able dialysers also occurs [43]. Indeed, targeting calcium balance directly by modi-
fying calcium concentration in dialysate or replacement fluid directly affects PTH
concentrations [47], and therefore, an overall decline in PTH can be anticipated
during HDF. This also applies to children where a low calcium concentration of
1.25 mmol/l can be advised to prevent fracture risk due to PTH oversuppression
when using calcium concentration of 1.5 mmol/l [48]. On the contrary, when a
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replacement fluid not containing calcium is used, calcium balance will be negative
and PTH will increase accordingly [49]. An optimal calcium concentration during
HDF, defined by a neutral effect on PTH, is between 1.25 and 1.5 mmol/l [50].

Theoretically, in addition to calcium, differential effects of HDF as compared to
conventional HD on phosphate concentrations or phosphate balance could impact
PTH, as phosphate stimulates PTH, at least so in healthy subjects. However, as out-
lined in the previous section of this chapter, in contrast to observational studies or
non-randomized trials [26, 27], well-designed prospective trials show no or only
very limited enhanced phosphate clearance by HDF as compared to HD [29, 51,
52]. Therefore, altered clearance of phosphate during HDF probably does not induce
meaningful changes in PTH.

In conclusion, during HDF a slight decline in PTH can be expected, as a conse-
quence of increased clearance, absorption onto the membrane and a tendency for a
slight positive calcium balance when using the same calcium concentration of the
replacement solution as the dialysate in conventional HD. Given the increasing preva-
lence of adynamic bone disease in HD populations, and the association of that specific
bone disease with dismal cardiovascular outcome, a slightly lower calcium concentra-
tion for the ultrapure dialysate and infusate during HDF could be considered.

Fibroblast Growth Factor 23 (FGF23)

Like PTH, FGF23 qualifies as a middle-molecule. As the molecular weight of the
biological active compound is 32 kD and this polypeptide is hydrophilic, theoreti-
cally increased clearance during HDF can be expected. Although the metabolic fate
of FGF23 during end- stage renal disease is unclear, limited data point to dimin-
ished catabolism [53]. Therefore, the relative importance of renal replacement ther-
apy in clearing this phosphate-regulating hormone may be of high importance,
given the strong predictive power of high levels of FGF23 to all cause and cardio-
vascular mortality [54]. Despite the above-mentioned properties, FGF23 levels
decline with more intensive low-flux HD schedules as well [55]. This observation
can likely be explained by improved control of circulating factors of importance for
FGF23 production, like phosphate itself. As predicted from its properties, HDF
leads to a decline of FGF23 of 56 % percent from its value directly prior to the treat-
ment session, as compared to a 36 % reduction during high-flux HD, pointing to the
relative importance of convective clearance of this compound [38]. Likewise, in
paediatric HDF, a substantial reduction of FGF23 was observed [48]. When com-
pared to low-flux HD, clearance of FGF23 by HDF is even more impressive, with
negligible decline during the former modality [56]. In a small subset of the prospec-
tive CONTRAST trial, comparing low-flux HD with HDF, the former technique led
to a 10 % reduction of FGF23, while patients randomized to HDF had a decline of
almost 50 % (Den Hoedt, ASN 2010 PO1436). Despite the striking consistency that
exists among large observational studies showing strong independent associations
between FGF23 and a range of clinically important outcomes measures, no
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evidence yet has shown improved outcome when directly targeting FGF23 by either
modifying dietary phosphate intake or the use of phosphate binder therapy. If
FGF23 decline induced by high-volume HDF improves clinical outcome is cur-
rently unknown.

Teaching Points I1

* In CKD, the level of vitamin D, which is highly protein bound, is decreased

* Due to its protein binding, vitamin D concentrations are hardly influenced
by convective transport

e Since vitamin D levels increase after HDF, other mechanisms, such as
changes vitamin D regulating factors, and attenuation of CKD-related
hyperpigmentation, might play a role

* PTHis a MMW substance, which, on theoretical grounds, may be removed
by convection. Yet, in large HDF studies, reductions in PTH were modest
or absent compared to high-flux HD.

* FGF23, which has an even larger MW than PTH, is reduced by HDF up to
50 % of its initial value

* Currently, data showing an association between reductions in both FGF23
and mortality are lacking
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