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    Chapter 19   
 Why Is High Volume Online Post-dilution 
Hemodiafi ltration Associated with Improved 
Survival?                     

       Menso     J.     Nubé     

    Abstract     Retention of middle molecular weight (MMW) uremic toxins has been 
related to mortality in patients with end-stage kidney disease (ESKD). Therefore, 
interest has shifted from pure diffusive dialysis techniques, such as low-fl ux hemo-
dialysis (HD), which remove only small water solutes, towards convective thera-
pies, such as hemodiafi ltration (HDF), which remove larger compounds as well. 
Controversy exists, however, as to whether the positive effect of HDF on MMW 
solutes translates in a superior clinical outcome. Here, we describe the results of 
three recent large randomized controlled trials (RCT), comparing online post- 
dilution HDF with HD, and four systematic reviews on convective therapy, and 
discuss the discrepancies between these studies. Actually, it appears that the con-
cept of ‘convective therapy’ is confusing, as it is not strictly defi ned and differently 
interpreted. When convection volumes >21 L/session are applied, especially cardio-
vascular (CV) mortality is markedly reduced, while the incidence non-CV death 
due to infections or malignancies, remains unaltered. Echocardiographic analysis 
suggests that left ventricular (LV) function and structure worsen in HD and remain 
stable in HDF. Moreover, intradialytic hemodynamic stability appears better pre-
served during HDF. Currently, there is no convincing evidence that HDF lowers CV 
mortality by improvements in infl ammation, nutrition, CKD-mineral and bone dis-
ease, dyslipidemia and anemia control.  
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     Introduction 

 HD is the standard renal replacement therapy for patients with ESKD. Despite 
major technological improvements over the last decades, however, overall survival 
remains poor. Standard HD with low permeable membranes has shown to be an 
effective treatment for removing small water soluble substances, such as urea by 
diffusion, but simply increasing urea clearance did not improve survival [ 1 ]. To 
remove MMW uremic toxins more effi ciently, high permeable dialyzers were intro-
duced, which however, also did not reduce mortality [ 1 ,  2 ]. To enhance the clear-
ance of MMW, HDF was developed, which combines diffusive transport of small 
molecules with an effective removal of larger solutes by convection. In modern 
HDF, fl uid balance is maintained by the administration of  online  prepared ultrapure 
substitution fl uid which can be infused before (predilution), midway (middilution) 
and after (postdilution) the dialyzer. As the majority of recent clinical studies is 
performed in the postdilution mode, this overview deals particularly with this type 
of treatment. Currently, controversy exists as to whether the positive effect of HDF 
on MMW solutes translates into a superior clinical outcome. In addition, the amount 
of convection required to obtain optimal benefi t, is unknown [ 3 ]. In the present 
chapter, a summary is given of current literature on all-cause, CV and non-CV mor-
tality, and a possible dose-response effect. In addition, potential mechanisms behind 
the benefi cial effects of high volume HDF on survival are discussed.  

    Clinical Aspects: Overall and Cardiovascular Mortality 

 Recently, three large RCTs, comparing  online  post-dilution HDF with HD, were 
published [ 4 – 6 ]. While the Dutch CONTRAST and the Turkish HDF Study 
(THDFS) showed no differences in clinical outcome between treatment arms, in the 
Spanish ESHOL study a favorable effect of HDF on overall survival was found 
(Table  19.1 ). Both ESHOL and THDFS showed a lower, but non-signifi cant, inci-
dence in cardiovascular events in HDF patients.

   Table 19.1    All cause and cardiovascular mortality in the three major RCTs on postdilution online 
hemodiafi ltration   

 CONTRAST (n = 714)  THDFS (n = 782)  ESHOL (n = 906) 

 HDF versus lowfl ux 
HD 

 HDF versus highfl ux 
HD 

 HDF versus highfl ux 
HD 

 Overall  0.95 (0.75–1.20)  0.79 (0.55–1.14)  0.70 (0.53–0.92) 
 Cardiovascular  0.80 (0.52–1.24)  0.72 (0.45–1.13)  0.67 (0.44–1.02) 

  Hazard ratio for mortality and cardiovascular mortality with 95 % confi dence limits, in the three 
major RCTs on postdilution online HDF 
  HDF  hemodiafi ltration,  HD  hemodialysis,  CONTRAST  [ 4 ] CONvective TRAnsport STudy,  THDFS  
[ 6 ] Turkish HDF Study,  ESHOL  [ 5 ] Estudio de Supervicencia de Hemodiafi ltracion OnLine  
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   To further answer the question whether dialysis treatment with ‘convective thera-
pies’ improves clinical outcome, in the last 2 years four large meta-analyses have been 
published, which, however, showed a discordant outcome [ 7 – 10 ]. Yet, as discussed 
more extensively in Chap.   16    , it appeared that these analyses differ in the number of 
studies and patients included, the defi nitions of comparator and intervention therapy, 
and type of studies, varying from small observational to large prospective RCTs. 

 In one meta-analysis low-fl ux HD was the reference therapy [ 9 ], while both low- 
fl ux and high-fl ux HD were reference therapies in three others [ 7 ,  8 ,  10 ]. Considering 
the intervention arm, inclusion covered different combinations of high-fl ux HD,  off -
 line  HDF, hemofi ltration (HF), acetate-free biofi ltration (AFB) and on-line postdilution 
HDF. Some of these modalities, however, can hardly be considered modern convective 
therapies, as convection volumes of 10–12 L/session are similar to the amount of inter-
nal fi ltration in high-fl ux HD and completely different from high volume HDF (>21 L/ 
session) [ 11 ]. In our opinion, a statement on today’s convective therapies should be 
based on a convection volume of at least 17–19 L/session in the postdilution mode [ 12 ]. 
The only meta-analysis which largely fulfi lls this criterion clearly shows an all cause 
and CV survival advantage of HDF over HD [ 7 ]. Interestingly, after removing AFB and 
 off - line  HDF from the meta-analysis by Nistor et al. [ 8 ], all cause mortality was supe-
rior in HDF patients [RR 0.82 (95 % CI 0.72–0.93)], Table  19.2  [ 12 ].

   The latter fi ndings were confi rmed in an individual participant data meta- analysis 
(IPD), using data from CONTRAST, ESHOL, THDFS and a fourth not yet pub-
lished French HDF study. Recent data indicate that HDF reduces the risk of all-
cause mortality by 14 % (HR 0.86 [95 % CI 0.75–0.99]) and cardiovascular mortality 
by 23 % (HR 0.77 [95 % CI 0.61–0.97]) [ 4 – 6 ,  13 ]. 

    Causes of Cardiovascular Death in HD and HDF 

 As shown by the meta-analysis by Mostovaya et al. [ 7 ], CV mortality is reduced 
by 27 %, and perhaps even further (55 %) when high volumes are applied.[ 5 ] In 
theory, both a decrease in the incidence in heart failure, which is diffi cult to 

   Table 19.2    All cause and cardiovascular mortality in meta-analysis on convective therapies   

 Studies a   Participantsb 
 All cause 
mortality 

 Cardiovascular 
mortality 

 Nistor [ 8 ]  11/6  3396/2889  0.87 (0.70–1.07)  0.75 (0.58–0.97) 
 Nistor (without AFB 
and  offl ine  HDF) [ 12 ] 

 0.82 (0.72–0.93)  na 

 Susantitaphong [ 9 ]  21/3  4766/3207  0.88 (0.76–1.02)  0.84 (0.71–0.98) 
 Mostovaya [ 7 ]  6/3  2885/2402  0.84 (0.73–0.96)  0.73 (0.57–0.92) 
 Wang [ 10 ]  10/4  2998/2478  0.83 (0.65–1.05)  0.85 (0.66–1.10) 

  Relative risk for mortality and cardiovascular mortality with 95 % confi dence limits
 a  Before/: number of studies used for calculations on all cause mortality, after/: number of studies 
used for calculations on cardiovascular mortality 

  b  Before/: participants in studies on all cause mortality, after/: participants in studies on cardiovas-
cular mortality  
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diagnose in ESKD, ischemic heart disease, sudden death and stroke may play a 
role in this respect. Interestingly, in ESHOL a reduction in stroke was found, 
while the incidence of heart failure and ischemic heart disease was similar [ 5 ]. 
None of the three recent RCTs found a difference in sudden death between HDF 
and HD.  

    Cardiovascular Abnormalities in HD and HDF 

 Echocardiographic analysis may provide an answer to the question whether varia-
tions in LV structure and function explain the CV survival benefi t of HDF. Indeed, 
the scarce studies performed showed improvement or stabilization in the HDF 
group and cardiac worsening in HD patients [ 14 ,  15 ]. Interestingly, from a small 
RCT in incident patients it appeared that treatment with predilution HF, a pure con-
vective therapy, was associated with a more favorable development of LV mass 
(LVM) than low-fl ux HD [ 16 ]. Analysis of a large subset of the CONTRAST cohort 
revealed that, whereas both LVM and ejection fraction deteriorated over time in HD 
patients, these parameters remained stable in the HDF group [ 17 ]. Moreover, in a 
small RCT it was recently shown that high volume HDF (>22 L/session) prevented 
the endothelial dysfunction and stiffening of conduit arteries that was observed in 
HD patients [ 18 ]. 

    Relation Between Clinical Outcome and Magnitude of the Convection 
Volume 

 Post hoc analysis of all three recent RCTs suggested a positive relationship between 
convection volume and clinical outcome, Fig.  19.1  (see also Chap.   16    ). Similar fi nd-
ings were suggested before by DOPPS [ 19 ]. Although the optimal convection vol-
ume is unclear, a minimum of 21 L/session appears appropriate [ 7 ].

       Hemodynamic Aspects 

 Intradialytic hypotension (IDH) is a common problem in HD, which has been 
related to cardiac stunning, bowel ischaemia and brain hypoperfusion. By echocar-
diography, during HD a compromised cardiac function was found in 65 % of the 
patients, which depended on the ultrafi ltration rate and severity of IDH [ 20 ]. 
Moreover, patients with marked IDH have higher serum levels of cardiac enzymes 
[ 21 ] and reduced life expectancy [ 22 ]. Interestingly, treatment with cooled dialysate 
(CD-HD) reduced IDH, HD-induced brain injury [ 23 ] and improved CV survival 
[ 24 ]. In two large RCTs, blood pressure stability during HDF was superior to HD 
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[ 5 ,  25 ] but not in a third [ 6 ]. When cool dialysate was used both in HDF and HD, 
hemodynamic changes, as measured by blood pressure, blood volume, cardiac out-
put and microcirculation, did not differ [ 26 ]. Similarly, solute movements between 
the intra and extracellular compartments during HDF and CD-HD were similar 
[ 27 ]. Hence, it appears that intradialytic hemodynamic stability is better preserved 
during HDF than during standard HD, but analogous to CD-HD. Unfortunately, 
none of the recent RCTs reported dialysate temperature.    

    Clinical Aspects: Non-cardiovascular Mortality 

 Besides a high risk of CV death, ESKD patients have an elevated risk of non-CV 
mortality. As shown in a large study from the ERA-EDTA registry, the standardized 
mortality risks were equally increased, if compared to the general population (RR 
8.8; 95 % CI 8.6–9.0 and RR 8.1; 95 % CI 7.9–8.3, resp.) [ 28 ]. Since the excess 
mortality in ESKD shows a ‘normal’ distribution, it is vital to know whether HDF 
decreases not only CV death, but also non-CV events. 
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  Fig. 19.1    Association between hazard ratio for mortality and convection volume in the different 
tertiles (or below/above the median) of convection volume in RCTs on hemodiafi ltration: 
 CONTRAST  [ 4 ]: CONvective TRAnsport STudy,  THDFS  [ 6 ]: Turkish HDF Study,  ESHOL  [ 5 ]: 
Estudio de Supervicencia de Hemodiafi ltracion OnLine       
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    Infection-Related Mortality 

 Infectious complications, which account for one quarter of total mortality in patients 
with ESKD, [ 29 ] are usually linked to bacterial spread from vascular access, par-
ticularly in case of central venous catheters (CVC). Whereas no overall difference 
was found in CONTRAST [ 30 ], infection-related mortality in ESHOL was lowest 
in HDF patients (HR 0.45, 95 % CI 0.21–0.96) [ 5 ]. Whether this outcome results 
from a lower CVC use in the HDF group (7 % versus HD 13 %) or from the high 
convection volumes applied remains to be established. Unpublished data from the 
IPD meta-analysis, as outlined before, showed a similar incidence of infection- 
related mortality (HDF HR 0.94; 95 %CI 0.66–1.30) in both treatment arms [ 13 ].  

    Other Causes of Death 

 None of the meta-analyses or RCTs reported a decline in other causes of death, such 
as withdrawal from dialysis [ 29 ] or malignancies. Considering this ‘rest group’, 
unpublished fi ndings from the IPD meta-analysis showed similar mortality rates: 
HDF HR 0.92; 95 %CI 0.73–1.15.   

    Pathophysiological Aspects 

 Both classical risk factors, such as high blood pressure and cholesterol levels, and 
non-traditional risk factors, including the toxicity of uremia itself and the bio- 
incompatibility of the extra-corporeal system, have been implicated in the high 
mortality risk of ESKD. 

    Classical Risk Factors 

    Blood Pressure 

 From a large sub-study of CONTRAST, it appeared that mean arterial pressure 
(MAP) decreased over time, mainly due to a reduction in peripheral resistance. As 
cardiac output remained unaltered, the authors speculated that loss of functioning 
renal tissue ultimately leads to a reduced stimulation of the renin-angiotensin- 
aldosteron- and sympathic systems [ 17 ], which are overactivated in CKD [ 31 ]. 
Differences between the HD and HDF groups, however, were not observed. By 
meta-analysis, HDF treatment did not infl uence systolic BP, diastolic BP, MAP or 
prescription of anti-hypertensive drugs [ 8 ,  9 ]. In accordance with these fi ndings, 
Georgianos et al. found that HDF did not have benefi cial effects on arterial stiffness, 
wave refl ections or central aortic pressure [ 32 ].  
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    Dyslipidemia 

 Dyslipidemia is frequently observed in ESKD. Controversy exists as to whether 
high lipid levels contribute to the greatly elevated CV risk in these patients. Whereas 
HDL-C exerts potent anti-thrombotic, anti-infl ammatory and anti-apoptotic effects 
in the general population, in CKD fundamental structural alterations of this particle 
have been identifi ed [ 33 ]. Therefore, the mere measuring of lipid profi les may not 
reliably refl ect CV risk. In short term HDF studies, confusing data were published, 
from higher HDL-C and lower triglyceride (TG) levels to increased LDL-C and 
stable TG values [ 34 ,  35 ]. A recent meta-analysis showed a reduction in TG and 
stabilization of total cholesterol and LDL-C [ 9 ]. Interpretation, however, is diffi cult 
as the mere raising of HDL and lowering of LDL does not automatically entail 
return of their (anti) atherogenic properties.  

    Other Risk Factors 

 Large RCTs comparing high-fl ux with low-fl ux HD suggested that besides diabet-
ics, patients with a albumin <40 g/L and subjects with a dialysis vintage >30 months 
would benefi t from ‘convective therapy’ [ 1 ,  2 ]. However, with the exception of a 
high co-morbidity index in ESHOL, none of the meta-analyses or recent large 
RCTs showed different effects of HDF in these and other selected subgroups, such 
as age and gender.   

    Non-traditional Risk Factors 

    Infl ammation and Oxidative Stress 

 A chronic low grade infl ammatory state is common in ESKD [ 36 ]. Besides uremia- 
related factors, such as accumulation of uremic toxins, dialysis-related factors, 
including the bio-incompatibility of the extracorporeal system, have been impli-
cated in this process. HDF may decrease infl ammatory activity by enhanced clear-
ance of MMW uremic toxins; on the other hand, the infusion of large amounts of 
substitution fl uid may aggravate the micro-infl ammatory state. Whereas some 
observational studies reported on a decrease of infl ammation and oxidative stress 
after treatment with convective therapies [ 37 ,  38 ], several small RCTs did not [ 39 ]. 
Comparison in observational studies is often hampered by the fact that, while in 
HDF ultrapure (UP) dialysis fl uid (micro-organisms <0.1 CFU/ml; endotoxins 
<0.025 EU/ml) is mandatory, in HD the dialysis fl uid is frequently consistent with 
‘standard quality’ (<100 CFU/ml; <0.25 EU/ml) [ 40 ,  41 ]. Of note, use of UP fl uid 
in HD resulted not only in a decline in markers of infl ammation and oxidative stress, 
but also in increased serum albumin and hemoglobin levels [ 42 ]. As the same water 
treatment system was used in both arms of CONTRAST and ESHOL, it is unlikely 
that differences in clinical outcome, as observed in ESHOL and in the high volume 
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group of CONTRAST, result from a dissimilar quality of dialysis fl uid. Moreover, 
CRP levels did not differ between treatment arms in either study (Table  19.3 ).

       CKD-Mineral and Bone Disorder 

 Chronic kidney disease-mineral and bone disorder (CKD-MBD) is the term used to 
describe a constellation of abnormalities that may lead to bone disturbances and 
extra-skeletal calcifi cations in soft tissues and arteries. Biochemically this syn-
drome is characterized by abnormalities in serum phosphate, parathyroid hormone 
(PTH), fi broblast growth factor 23 (FGF23), calcium and vitamin D. 

 Retention of phosphate has been implicated in all cause and CV mortality [ 43 , 
 44 ]. Phosphate levels are generally lower during treatment with convective therapies 
than with low-fl ux HD [ 9 ]. When comparing HDF with high-fl ux HD, results are 
contradictory [ 26 ,  45 ]. Actually, treatment of hyperphosphatemia consists of both 
phosphate-binding agents and dialysis. Hence, when comparing phosphate control 
between modalities, phosphate levels as well as the amount of phosphate- binding 
drugs should be taken into account. Both in CONTRAST and the PAN Thames 
Renal Audit, phosphate levels were lower in HDF than in HD patients treated with 
low-fl ux dialyzers [ 46 ,  47 ]. By contrast, neither in THDFS nor in ESHOL differ-
ences were observed between (high-fl ux) HD and HDF (Table  19.3 ) [ 5 ,  6 ]. 

 Phosphate is excreted by the kidney in response to PTH (9.5 kD) and FGF23 
(see below). High serum PTH levels in ESKD have been related to a poor clinical 
outcome [ 48 ], although suppression by cinacalcet did not reduce mortality [ 49 ]. In 

          Table 19.3    Effect of HDF on biochemical parameters in the three major RCTs   

 CONTRAST (n = 714)  THDFS (n = 782)  ESHOL (n = 906) 

 HDF versus lowfl ux 
HD 

 HDF versus highfl ux 
HD 

 HDF versus highfl ux 
HD 

 Kt/Vurea  ↑  ↑  ↑ 
 B2 microglobulin  ↓  ↔  ↓ 
 PTH  NA  ↔  ↔ 
 Phosphorus  ↓  ↔  ↔ 
 ESA index  ↔  ↓  ↔ 
 Albumin  ↔ a   ↓  ↔ a  
 Bicarbonate  NA  ↑  NA 
 Total cholesterol  ↔  NA  ↔ 
 CRP  ↔  ↔  ↔ 

  The arrows indicate higher (↑) in HDF, lower (↓) in HDF, or no difference (↔) between HDF and 
HD.  NA  not available,  RCT  randomized controlled trial,  ESA  erythropoietin stimulating agent, 
 PTH  parathormon,  Kt/V   urea   K = dialyzer clearance of urea, t = dialysis time, V = urea distribution 
volume,  CRP  C-reactive protein 
  CONTRAST  [ 4 ] COnvective TRansport STudy,  THDFS  [ 6 ] Turkish HDF Study,  ESHOL  [ 5 ] 
Estudio de Supervicencia de Hemodiafi ltracion OnLine 
  a Albumin decreased equally in both groups  
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THDFS as well in ESHOL, PTH levels were similar in both treatment arms 
(Table  19.3 ). Of note, previously it was shown that PTH levels decrease after a ses-
sion with low volume HDF, but increase after high volume HDF, possible as a result 
of a negative calcium balance [ 50 ]. In a meta-analysis comparing convective thera-
pies with low-fl ux HD, differences between treatment strategies were not found [ 9 ]. 

 Both human and animal data suggest that an increased FGF23 (32 kD) value is 
the earliest detectable biochemical alteration in CKD-MBD [ 51 ]. Levels of this 
phosphatonin, which is produced by bone marrow cells, are 100–1000-fold higher 
in ESKD than in healthy individuals. While no intra-dialytical changes were 
observed during low-fl ux HD [ 52 ], FGF23 removal was markedly higher during 
HDF than during high-fl ux HD [ 26 ,  53 ]. As FGF23 has been related to LVH [ 54 ] 
and CV events, especially congestive heart failure [ 55 ,  56 ], reduction by HDF may 
lower CV mortality in ESKD.   

    Other Conditions Which Have Been Related to Mortality 
in ESKD 

 Worsening of the nutritional state is a well known feature in ESKD. The term 
Protein Energy Wasting (PEW) describes a state of decreased body stores of protein 
and energy fuels [ 57 ]. Various score systems have been applied to measure PEW, 
such as the Subjective Global Assessment (SGA), Malnutrition Infl ammation Score 
(MIS), Geriatric Nutritional Risk Index (GNRI) and the composite Protein Energy 
Nutrition Score (cPENS) [ 58 ]. Recent observations from CONTRAST indicate that 
SGA and MIS predict mortality no better than a single albumin measurement [ 58 , 
 59 ]. While in the THDFS, time averaged albumin levels were lower in HDF patients, 
both in ESHOL and CONTRAST albumin levels decreased over time, without dif-
ferences between groups (Table  19.3 ) [ 5 ,  60 ]. 

 Anemia is a hallmark of ESKD. Besides a reduced production of erythropoietin 
(EPO) and EPO resistance, a diminished enteric uptake of iron and a shortened 
lifespan of red blood cells may play a role. EPO resistance has been associated with 
(functional) iron defi ciency, impaired nutritional state, chronic micro-infl ammation 
and retention of MMW solutes. As for the latter, it was suggested that convective 
treatment would improve EPO resistance and hence anemia [ 61 ]. Against expecta-
tions, however, a large RCT did not show any advantage of HDF [ 62 ]. Moreover, in 
CONTRAST, ESHOL and THDFS, neither Hb values, nor transferrin saturation 
index or ferritin levels differed between groups (Table  19.3 ) [ 5 ,  6 ,  63 ]. With respect 
to the EPO resistance index in HDF patients, contradictory results were obtained, 
being lower in THDFS, and similar in ESHOL and CONTRAST. In a sub-analysis 
of CONTRAST, EPO resistance did not differ between low (<18 L) and high 
(>22 L) volume HDF [ 63 ]. 

 Accumulating evidence indicates that mild acidosis in ESKD is related to an 
adverse clinical outcome. Correction has been positively associated with SGA, 
residual renal function and normalized protein appearance rate [ 64 ], shorter 
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 hospitalization and lower mortality [ 65 ]. In a cross-over study, net bicarbonate gain 
was slightly higher during HDF, while at the end of the session acid-base status was 
similar to HD [ 66 ]. In THDFS, a positive trend was observed between bicarbonate 
levels and convection volume (Table  19.3 ) [ 6 ]. Hence, although not yet convinc-
ingly demonstrated, a better correction of acidosis during HDF may contribute to 
the improved survival in this patient group.   

    Treatment-Related Aspects 

    Platelet Activation and (Anti)coagulation 

 In HD, unfractionated heparin or low-molecular-weight heparin (LMWH) is 
administered to prevent clotting. During HDF, however, the intra-dialyzer trans-
membrane pressure is considerable higher and, due to the high ultrafi ltration rate, 
blood viscosity increased [ 67 ]. Consequently, platelet activation and coagulation 
are more pronounced. Indeed, in THDFS the heparin dose was 25 % higher in HDF 
than in HD patients, while in CONTRAST the LMWH dose was 10 % higher [ 6 , 
 68 ]. Currently, however, it is unknown whether increased platelet activation and 
coagulation at the one hand and use of additional heparin or LMWH on the other is 
benefi cial or harmful to the patients. The use of relatively high doses, three times 
per week, year after year, may reduce CV events in subjects with a high cardiovas-
cular risk profi le. In addition, malfunctioning and chronic depleted platelets, as 
demonstrated before in HD patients [ 67 ,  69 ], may protect against vascular disease 
[ 70 ]. Alternatively, it is conceivable that these side effects of HDF actually harm 
the patients.  

    Clearance of Low-Molecular Weight, Middle-Sized and Protein- 
Bound Solutes 

 Uremic solutes are generally subdivided in three major classes: (1) water soluble 
compounds (<500 Da), which are easily removed by any dialysis strategy, (2) 
MMW substances (0.5–40 kD), which can only be removed by convection, and (3) 
protein-bound uremic toxins, which are diffi cult to remove [ 71 ]. With respect to the 
adequacy parameter Kt/V urea , a measure of small water soluble molecule clearance, 
all three recent RCTs showed an improvement in HDF patients (Table  19.3 ), while 
mortality was only reduced in ESHOL [ 4 – 6 ]. Considering MMW solutes, high 
beta-2-microglobulin (β2M) levels have been shown to be independently associated 
with overall and CV mortality [ 72 ]. However, while in CONTRAST and ESHOL 
β2M levels were lower in HDF than in HD patients, only ESHOL showed a benefi t 
of HDF (Table  19.3 ). Multiple toxic effects have been attributed to protein-bound 
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phenolic compounds, such as p-cresylsulfate. P-cresol is generated by intestinal 
bacteria and conjugated to p-cresylsulfate and p-cresylglucuronide. In-vitro these 
compounds induce toxic effects on endothelial integrity and leucocyte rolling [ 73 ]. 
Clinically, these substances have been associated with an adverse CV outcome [ 71 ]. 
Whereas high-fl ux HD did not augment the reduction of protein-bound toxins, addi-
tion of convective transport by HDF improved the removal of these compounds 
slightly [ 74 ].   

    Summary and Conclusions 

    Is Online Post-Dilution HDF Associated with an Improved 
Survival? 

 From this overview it appears fi rst, that all-cause mortality is signifi cantly reduced 
by HDF, CV events almost exclusively accounting for this benefi cial effect. Other 
causes of mortality, such as infections and sudden death, are not different between 
HDF and HD. Second, it remains unclear whether the reduction in CV mortality is 
caused by a decline in stroke, heart failure or ischemic heart disease. Third, a con-
vection volume of at least 21 L/session appears required for the desired effect.  

    Why Is High Volume HDF Associated with Improved Survival? 

 Having illustrated that high volume HDF is related to an improved CV survival, 
what are the underlying mechanisms? Are the aforementioned RCTs confounded by 
a favorable clinical profi le of HDF patients beforehand? Although this option was 
not discussed in this chapter and cannot completely be ruled out, it should be men-
tioned that extensive corrections were made in all RCTs. Moreover, we recently 
showed that centre policy, rather than patient factors, determine the magnitude of 
the convection volume [ 75 ]. Indeed, recent data from a large prospective observa-
tional study indicate that at least 21 L of substitution fl uid is feasible in more than 
80 % of ESKD patients [ 76 ]. As published in individual RCTs and by meta- analysis, 
predialysis blood pressure was not different between groups, but HDF may improve 
intra-dialytic hemodynamic stability. Analysis by echocardiography indicated that 
the functional and structural deterioration of the LV over time in HD patients was 
mitigated or even absent in HDF. Convincing arguments are not available that HDF 
reduces CV mortality by improvements in traditional or non-traditional risk factors. 
With respect to solute removal, neither Kt/V urea  nor β2M was related to survival. By 
contrast, FGF23 appears a promising candidate toxin for the HDF-induced benefi t 
on survival. Whether high doses of heparin or better correction of acidosis adds to 
the reduced mortality in HDF is a matter for future research. 
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