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Introduction 

As underlying diseases of chronic kidney disease, such as 

diabetes, are surging drastically with the gradual increase 

in life expectancy, the number of patients with end-stage 

renal disease (ESRD) on dialysis is increasing explosive-

ly. According to Canaud et al.’s report [1] published in 

2020, the number of patients with ESRD receiving renal 

replacement therapy reached 3,171,000 globally in 2017, 

among which those on hemodialysis (HD) accounted for 

Though noticeable technological advances related to hemodialysis (HD) have been made, unfortunately, the survival rate of dialysis 
patients has yet to improve significantly. However, recent research findings reveal that online hemodiafiltration (HDF) significantly im-
proves patient survival in comparison to conventional HD. Accordingly, the number of patients receiving online HDF is increasing. Al-
though the mechanism driving the benefit has not yet been fully elucidated, survival advantages are mainly related to the lowering of 
cardiovascular mortality. High cardiovascular mortality among HD patients is seemingly attributable to the cardiovascular changes 
that occur in response to renal dysfunction and the HD-induced myocardial stress and injury, and online HDF appears to improve 
such secondary cardiovascular changes. Interestingly, patient survival improves only if the convection volume is supplied sufficiently 
over a certain level during online HDF treatment. In other words, survival improvement from online HDF is related to convection vol-
ume. Therefore, there is a growing interest in high-volume HDF in terms of improving the survival rate. The survival improvement will 
require a minimum convection volume of 23 L or more per 4-hour session for postdilution HDF. To obtain an optimal high convection 
volume in online HDF, several factors, such as the treatment time, blood flow rate, filtration fraction, and dialyzer, need to be consid-
ered. High-volume HDF can be performed easily and safely in routine clinical practice. Therefore, when the required equipment is 
available, performing high-volume HDF will help to improve the survival rate of dialysis patients. 
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2,823,000 (89%). Further, of the 2,823,000 patients under-

going HD, 286,000 (10%) were receiving hemodiafiltration 

(HDF). In 2009, the number of HDF patients was 77,300, 

increasing by 3.7 times to 286,000 in 2017, resulting in an 

annual growth rate of as high as 18% [1]. With the explo-

sive upsurge in the number of ESRD patients, significant 

advancements in dialysis therapy methods and technology 

have also occurred. However, despite such technological 

progress, patient survival has not improved much, and the 

lifespan of a dialysis patient remains shorter than that of 
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nondialysis persons by more than 10 years. Moreover, the 

mortality rate of ESRD patients is 2.5 times higher than that 

of cancer patients [2]. 

Of interest, recent studies have reported that online HDF 

significantly improves patient survival in comparison to 

conventional HD. Irrespective of the mode of postdilution 

or predilution HDF, online HDF apparently helps to im-

prove patient survival, as demonstrated by large-scale ran-

domized controlled trials (RCTs) such as the CONTRAST 

(CONvective TRAnsport STtudy), the Turkish OL-HDF 

(Online Haemodiafiltration) trial, and the ESHOL (Estudio 

de Super-vivencia de Hemodiafiltración On-line) trial to-

gether with several meta-analyses considering these RCTs 

and pooled individual participant data (IPD) analyses [3–8]. 

In addition, evidence has suggested that in-center HDF is 

both more therapeutically effective and cost-effective than 

in-center HD. Based on these findings, the 2018 National 

Institute for Health and Care Excellence (NICE) guideline 

recommended that HDF should be considered rather than 

HD when dialysis is performed in-center [9]. Further, Mad-

uell [3] proposed that adoption of HDF as a “conventional 

HD treatment” in ESRD patients should be considered, as it 

significantly improves survival rate compared to HD. Even 

before the NICE guideline was issued, research findings 

revealed that online HDF significantly improves patient 

survival compared to conventional HD, leading to a no-

ticeable increase in the use of HDF in and around Europe 

and the Asia Pacific region. Given that patients with ESRD 

worldwide have increased in number at an annual growth 

rate of 18% from 2009 to 2017 and the annual growth rate 

of HD patients was only 6.6% during this period, such can 

be regarded as evidence of a noticeable increase in HDF 

patients [1]. Nevertheless, online HDF does not guaran-

tee an unconditional increase in patient survival, as the 

survival rate is improved only when supplying a sufficient 

convection volume above a certain level, i.e., high-volume 

HDF [8,10]. In other words, a sufficient amount of convec-

tion volume during online HDF is required to improve the 

survival rate. Therefore, the Korean Society of Nephrology 

guideline for 2021 recommended that high-volume HDF 

be considered in consideration of its cost-effectiveness [11]. 

After the issuance of the NICE guideline in 2018, im-

portant new research findings were published revealing 

that high-volume HDF improves patient survival [12–16]. 

As improved survival rates among dialysis patients are a 

critical goal and a matter of concern, online HDF, particu-

larly high-volume HDF, should be given special attention. 

Hence, this review will examine, through a literature anal-

ysis, the clinical benefit of high-volume HDF, the effect of 

improving the survival rate and its mechanism, and the 

method of implementing high-volume HDF. 

Survival improvement by high-volume 
hemodiafiltration 

Recent research findings have revealed that the survival 

improvement gained from online HDF is related to convec-

tion volume [6,8,10,17,18]. In other words, patient survival 

rates improve only if convection volume is supplied suffi-

ciently above a certain level. CONTRAST was conducted 

involving patients of low-flux HD and postdilution HDF, 

and it reported no difference in all-cause mortality among 

these two groups. However, when patients were separat-

ed according to convection volume into three groups of 

<18.17 L, 18.17 to 21.95 L, and >21.95 L, respectively, and 

subsequently analyzed, the >21.95-L group showed a sig-

nificant improvement in survival (hazard ratio [HR], 0.57; 

p < 0.02) [4]. The Turkish OL-HDF study also reported this 

finding. In the Turkish OL-HDF study, while there existed 

no significant difference in death rate between patients 

who received high-flux HD and those who received post-

dilution HDF, the separation of HDF patients, based on 

a convection volume of 17.4 L, and subsequent analysis 

demonstrated that, among the >17.4-L group, overall 

mortality and cardiovascular mortality rates decreased by 

46% (relative risk [RR], 0.54; 95% confidence interval [CI], 

0.31–0.93; p = 0.02) and 71% (RR, 0.29; 95% CI, 0.12–0.65; p 

= 0.003), respectively [5]. In the ESHOL study, an analysis 

of a limited group of high-efficiency postdilution HDF pa-

tients with convection volumes of 22.9 to 23.9 L document-

ed an improvement in the all-cause mortality rate by 30% 

in comparison to HD patients (p = 0.01) [6]. Peters et al. 

[8] conducted a pooled IPD analysis of 2,793 patients who 

participated in four well-known RCTs (CONTRAST, Turkish 

OL-HDF study, ESHOL, and FRENCHIE [French Convec-

tive versus Hemodialysis in Elderly] study) and revealed a 

survival improvement attributed to high-volume HDF. In 

other words, their IPD analysis indicated that, among on-

line HDF patients, the overall mortality and cardiovascular 

mortality rates declined by 14% and 23%, respectively. No-
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tably, the analysis of three groups (<19 L, 19–23 L, and >23 

L) of convection volume showed that survival remarkably 

improved (HR for all-cause mortality, 0.78; HR for cardio-

vascular mortality, 0.69) among the patients with convec-

tion volumes of >23 L (per 1.73 m2 of body surface area 

per session) [8]. Nubé et al. [17] also reported in an IPD 

meta-analysis that high-volume HDF significantly reduced 

all-cause mortality and cardiovascular mortality; also, they 

found that, the higher the convection volume, the lower 

the risk of death. In 2019, a cohort study using data from 

the Australia and New Zealand Dialysis and Transplant 

Registry (ANZDATA) showed that survival was significantly 

higher under HDF than under HD [12]. 

These findings strongly imply that high-volume HDF is 

required to improve patient survival. Moreover, such im-

proved survival from high-volume HDF was demonstrated 

not only in postdilution HDF but also in predilution HDF. 

In 2019, a study was conducted using data from the Jap-

anese Society for Dialysis Therapy Renal Data Registry 

(JRDR) to analyze survival among HD and predilution 

HDF patients with 5,000 couples of a propensity-matched 

cohort, which produced the finding that predilution HDF 

led to significantly higher overall survival than HD (HR for 

all-cause mortality, 0.83). Notably, the patient group with 

a high substitution volume of ≥40 L had significantly better 

survival than the patient group with a volume of <40 L. In 

the study, the optimal substitution volume for improved 

survival was 50.5 L (95% CI, 39.0–63.5 L) [13]. Recently, 

Canaud et al. [18] reported that the convective dose for 

survival gain is a minimum of 75 L per week. All of these re-

search findings point out that the most critical factor is not 

performing HDF but supplying enough convection volume 

during HDF. In short, volume is what matters. 

Survival improvement mechanism of high-volume 
hemodiafiltration 

Why is cardiovascular mortality high among hemodialy-
sis patients? 

Cardiovascular disease is the most common cause of death 

among conventional HD patients. According to the 2020 

annual report of the United States Renal Data System (US-

RDS), cardiovascular disease accounts for 55.2% of deaths 

among ESRD patients receiving HD, and, in particular, 

cardiac arrhythmia/cardiac arrest accounts for 44.2% of all-

cause mortality [2]. Such a high cardiovascular mortality 

rate among HD patients is seemingly attributable to sec-

ondary cardiovascular changes due to renal dysfunction 

and HD-induced myocardial stress and injury. In ESRD 

patients, the secondary cardiovascular changes are caused 

by the multiple factors of fluid overload, uremic cardiomy-

opathy, secondary hyperparathyroidism, anemia, altered 

lipid metabolism, and accumulation of gut microbiota-de-

rived uremic toxins like trimethylamine N-oxidase; such 

cardiovascular changes contribute to a high number of 

deaths [19]. Nevertheless, cardiovascular mortality remains 

high even when these issues, such as fluid overload, hyper-

parathyroidism, and anemia, are dealt with, as HD itself 

apparently also causes myocardial stress and injury [20]. 

Why do hemodiafiltration and hemodialysis differ in 
terms of mortality rate? 

While several studies have reported the finding that an 

appropriate increase in convection volume in online HDF 

enhances patient survival significantly, the mechanism by 

which high-volume HDF improves survival is still not fully 

understood [21]. However, considering the suggestion by 

previous studies that the observed survival advantages are 

mainly related to the reduction of cardiovascular mortality, 

the following potential mechanisms are suggested [22,23]. 

Intradialytic hemodynamic instability 
Intradialytic hypotension (IDH) is not uncommon during 

intermittent HD. Locatelli et al. [24] reported that the 

incidence of symptomatic IDH among HD patients was 

7.5% across 28,950 sessions. During dialysis, fluid removal 

occurs in the intravascular compartment, and removed 

fluid is replenished from the interstitial fluid compartment. 

Mismatching between the refill rate and the plasma-re-

moval rate creates volume contraction, which, for a normal 

person, engages the baroreceptor-mediated reflex to func-

tion and does not cause hypotension. However, in a uremic 

patient, mismatching-induced volume contraction hinders 

the baroreceptor-mediated reflex, finally resulting in IDH. 

Subsequently, IDH induces myocardial stress, which ulti-

mately contributes to a high mortality rate among dialysis 

patients. In contrast, HDF reduces the frequency of IDH 

development significantly; in other words, HDF improves 
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intradialytic hemodynamic instability [17]. Locatelli et al. 

[24] reported that carrying out HDF reduced the frequen-

cy of symptomatic IDH onset by 50.9%. In the FRENCHIE 

study, which was conducted among elderly patients to 

study intradialytic treatment tolerance, the frequencies of 

the intradialytic symptomatic hypotension development 

for HD and HDF recipients were 1.73% and 1.39%, respec-

tively, being significantly lower among HDF patients [25]. 

Nubé et al. [17] determined during an IPD meta-analysis 

using data of large-scale RCTs that the survival improve-

ment gained from HDF is attributable to a reduction in 

fatal cardiac events, which is related to the improvement 

of intradialytic hemodynamic instability. Though admin-

istering replacement solution in large volumes may raise 

concerns about a potential risk of fluid overload during 

high-volume HDF, Chazot et al. [26] reported that there 

existed no significant difference in fluid overload develop-

ment between HD and HDF patients. The cooling effect of 

replacement solution in large volumes also helps maintain 

hemodynamic stability [27]. 

Endothelial dysfunction 
There is some evidence that HDF improves endothelial 

dysfunction. An RCT of 42 HD patients measured flow-me-

diated dilatation and carotid distensibility after carry-

ing out HD and high-volume HDF (>22 L/session) for 4 

months, which led to significant improvement only in HDF 

patients. Such improvement in endothelial dysfunction 

was associated with oxidative stress, inflammation, and 

nitric oxide [28]. In the HDF, heart, and height (3H) study 

of pediatric patients, markers of endothelial dysfunction, 

such as asymmetric dimethylarginine (ADMA) and sym-

metric dimethylarginine (SDMA), improved significantly 

during HDF treatment [29,30]. 

Inflammation/oxidative stress 
There are several reports that suggest HDF can help to im-

prove inflammation and oxidative stress. A follow-up study 

of CONTRAST traced the changes in C-reactive protein 

(CRP) level for 3 years and found that, despite increasing 

significantly among HD patients, the CRP level remained 

stable among HDF patients [31]. The 3H study revealed 

that the total antioxidant capacity improved during HDF 

treatment, while inflammation markers such as high-sensi-

tivity CRP significantly decreased [30]. 

Vascular stiffness 
Pulse-wave velocity (PWV) is a surrogate measurement 

that indicates vascular stiffness. Despite increasing sig-

nificantly within 6 months after the initiation of HD, aortic 

PWV remained stable in HDF patients. Also, the diastolic 

relaxation area, which indicates left ventricular refilling, 

increased significantly among HDF patients [32]. In an-

other RCT that followed patients for 1 year after treatment, 

brachial PWV increased significantly after HD onset while 

remaining stable among HDF patients [33]. 

Cardiac remodeling 
HDF significantly reduces the levels of nitriuretic peptides, 

such as brain natriuretic peptide (BNP), N-terminal–proB-

NP (NT-proBNP), and proBNP. These nitriuretic peptides 

are significantly correlated with certain echocardiography 

remodeling parameters, such as left atrium diameter, left 

ventricular diastolic diameter, and left ventricular mass 

index (LVMI), and HDF reduces such a cardiac burden [34]. 

Another prospective crossover study also demonstrated 

that, while there were no significant changes in the left 

atrium diameter under HD, it declined significantly under 

HDF, which was correlated with the decrease in nitric ox-

ide and ADMA [35]. Recently, Páll et al. [36] reported that 

T peak-end interval was lower under HDF than under HD 

and showed a significant correlation with LVMI. Howev-

er, in a recently released meta-analysis, conventional HD 

and HDF showed no significant variations in the impact 

on the changes of LVMI and ejection fraction [37]. Hence, 

additional studies will be required to demonstrate whether 

HDF helps improve left ventricular hypertrophy to enhance 

survival.  

Sympathetic tone activity 
Chronic sympathetic overactivity is a well-known cardio-

vascular risk factor. In a prospective study, Park et al. [38] 

reported that online HDF improved autonomic nervous 

system dysfunction in chronic dialysis patients. 

How to perform high-volume hemodiafiltration 

What is the optimal convection volume? 

Although the mechanism has not been fully elucidated, it 

is apparently obvious that high-volume HDF helps to im-
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prove patient survival. Nonetheless, there still remains a 

question of whether any selection bias has played a role in 

improving the survival from high-volume HDF in previous 

studies [16,39]. For example, in their pooled IPD analysis, 

Peters et al. [8] carried out online HDF with the convective 

dose of 69 L per week or higher, which requires patients 

to have vascular access in good condition. In other words, 

it cannot be completely ruled out that study participants 

might have included only those healthy enough to endure 

such a high dose. Despite these limitations, however, all 

of these studies support the conclusion that high-volume 

HDF improves survival significantly in a manner largely 

attributable to reduced cardiovascular mortality. 

There have been several rounds of discussion about how 

much of a convection volume is required at minimum to 

gain improved survival. Previous reports have indicated 

that the volume threshold for improved survival varied be-

tween studies, ranging from a minimum of 15 L to a max-

imum of 23.1 L [40]. This phenomenon is due to differing 

study schemes and volume definitions. Peters et al. [8] re-

ported in their pooled IPD analysis that survival improve-

ment required a minimum convection volume of 23 L/1.73 

m2 body surface area per HDF session. Previous research 

findings suggest that, for postdilution HDF, the survival 

improvement will require a minimum convection volume 

of ≥23 L per 4-hour session [41–44]. Based on the results 

of the main clinical trials, the current recommendation 

for high-volume HDF on a thrice-weekly treatment sched-

ule would be a convective volume of >23 L/session [44]. 

Considering the dilution factor, a minimum convection 

volume of 46 L per session would be required for predilu-

tion HDF [43,45]. According to a report using data from the 

JRDR database, the optimal substitution volume leading 

to improved survival was estimated to be 50.6 L/session in 

patients receiving predilution HDF [13]. Therefore, more 

important than anything else is carrying out high-volume 

HDF therapy that supplies convection volume at a suf-

ficient level of ≥23 L/session, not just carrying out HDF 

[8,12,13]. 

What are the factors for the optimal level of high convec-
tion volume? 

As reviewed so far, determining how to obtain a high con-

vection volume of ≥23 L/session is a key to conducting 

HDF successfully. However, there is an issue that high 

convection volumes may not be obtained automatically 

just by performing online HDF treatment. In CONTRAST, 

for example, only 22% of participating patients reached 

a target convection volume of 24 L [4], which points out 

that a special strategy should be deployed to achieve high 

convection volumes. Several factors, such as treatment 

time, blood flow rate, filtration fraction, and dialyzer, are 

required to obtain an optimal high convection volume in 

online HDF [40,46–48]. Below are the respective reviews of 

these factors. 

Treatment time 
Treatment time is a crucial determining factor of convec-

tion volume, and one of the surest ways to increase the 

convection volume is by extending the treatment time [46], 

which will increase the convection volume with ease. With 

a blood flow rate of 400 mL/min and a filtration fraction of 

25% in postdilution HDF, extending the treatment time by 

one hour can increase the convection volume by approxi-

mately 6 L [48]. Therefore, if blood flow is insufficient, it is 

advisable to increase the treatment time to obtain a high 

convection volume. However, extending the treatment time 

by one hour is not an easy task in the real world. Extending 

the treatment time even 30 minutes, if not one hour, would 

help to increase the convection volume. In CONTRAST, a 

30-minute extension of the treatment time increased con-

vection volume by approximately 2.5 L [46]. 

Blood flow rate 
Blood flow rate is also a critical determinant of convection 

volume, and it represents the most important limiting 

factor, especially in postdilution HDF [3,49,50]. In postdi-

lution HDF, to reduce the risk of increasing viscosity and 

clotting complications, a dialyzer reduces the infusion flow 

to ≤33% of the blood pump flow rate (Qb). Therefore, it is 

recommended that, in postdilution HDF, the blood flow 

rate should be kept at 350 to 500 mL/min to obtain a suffi-

ciently high convection volume [3,22,40,51]. If carrying out 

postdilution HDF is unlikely to deliver this level of blood 

flow rate, it may prevent the expected clinical benefits from 

online HDF from manifesting. If this level of blood flow rate 

is hard to come by, predilution HDF offers a better option 

[52,53]. Predilution HDF makes it possible to obtain a high 

convection volume with a low blood flow rate of 200 to 250 
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mL/min [13]. 

On the other hand, if a blood flow rate may not reach 

350 to 500 mL/min in postdilution HDF, a high convection 

volume can be obtained by increasing the treatment time, 

adjusting the filtration fraction, and using an auto-substitu-

tion mode [47,49,54,55]. Nevertheless, the blood flow rate is 

still very important. Even if a recommended level of 350 to 

500 mL/min is not reached, the higher the blood flow rate, 

the easier it gets to carry out high-volume HDF. Maduell et 

al. [49] studied the influence of blood flow rate on convec-

tion volume by adjusting the blood flow rate to 250, 300, 

350, 400, and 450 mL/min, respectively, per session in 23 

patients undergoing postdilution HDF. The convection vol-

umes in each session were 23.7 ± 2.2, 26.9 ± 3.1, 30.2 ± 2.3, 

32.8 ± 3.3, and 35.2 ± 2.9 mL/min, respectively, and higher 

blood flow rates led to increased levels of convection vol-

ume; specifically, the convection volume increased by 8 to 

12 mL/min for each surge of blood flow rate by 50 mL/min 

[49]. Therefore, maintaining the blood flow rate at a high 

level, if possible, is critical to obtaining enough convection 

volume. 

Two key determining factors of the blood flow rate are 

the type of vascular access and needle size [47]. If there 

are no problems, such as stenosis, an arteriovenous fistula 

(AVF) or arteriovenous graft (AVG) may generally achieve 

a blood flow rate higher than that achieved with a central 

venous catheter (CVC). In a study conducted by Marcelli 

et al. [50] of 3,315 postdilution HDF patients in six Euro-

pean countries, the blood flow rates of AVF, AVG, and CVC 

were 391 ± 64, 390 ± 62, and 316 ± 50 mL/min, respectively. 

Considering the degree of reaching a substitution volume 

of ≥21 L in a multivariate logistic regression analysis, AVG 

was lower than AVF by 41.5% and CVC was lower than AVF 

by 57.8% [50]. However, having CVC does not necessarily 

mean there is an inability to conduct high-volume HDF 

[56]. In one study that analyzed CONTRAST data, which 

compared convection volume in patients undergoing 

postdilution HDF with AVF, AVG, or CVC, the convection 

volumes were 19.7 ± 4.4, 19.3 ± 4.4, and 21.9 ± 4.4 mL/ses-

sion, respectively, with no difference between the types of 

vascular access [46]. 

For patients with AVF or AVG, needle size is important 

to achieve a high blood flow rate. If not for the issue of 

stenosis, a large needle would help to increase the blood 

flow rate. There is a general concern that the use of a large 

needle exacerbates the shunt outcome. However, accord-

ing to one observational study, there existed no difference 

in complications between 14-, 15-, and 16-gauge needles 

[57]. Therefore, an insufficient level of convection volume 

will necessitate the use of a larger-sized needle. It is recom-

mended to use a 16-gauge needle for a blood flow rate of 

300 to 350 mL/min and a 15-gauge needle for a blood flow 

rate of 350 to 400 mL/min [47,58]. In a study conducted in 

Europe, 61.3% of the needles used were 15-gauge, and ap-

proximately 85% of patients had a blood flow rate of ≥300 

mL/min [59]. Another study indicated that a needle larger 

than 15-gauge was not needed to carry out high-volume 

HDF [55]. It should be noted that an increase in the blood 

flow rate may lead to an increase in the recirculation rate 

[60], which also further increases with inappropriate arte-

rial inflow due to lowered cardiac output or stenosis in the 

venous outflow. As a higher recirculation rate may hinder 

efforts to obtain a sufficient level of convection volume, it is 

necessary to monitor the recirculation rate regularly [47]. 

Filtration fraction 
Filtration fraction is also an important determining factor 

for convection volume. In clinical practice, the filtration 

fraction is defined as “a ratio of the convection volume to 

the blood flow rate.” Accordingly, a higher filtration fraction 

heightens ultrafiltration, leading to an elevated convection 

volume. However, in postdilution HDF, replacement solu-

tion is injected after the dialyzer, increasing the hemocon-

centration in the dialyzer, which causes coagulation in the 

dialyzer and damages it. Accordingly, the European Dial-

ysis Working Group recommended a filtration traction of 

20% to 25% as appropriate in postdilution HDF [61]. Nev-

ertheless, the use of a dialysis machine with an automatic 

pressure-control mode may extend the filtration fraction 

up to 30% [62]. The use of a dialysis machine with an auto-

matic pressure-control mode can keep the transmembrane 

pressure within a range of 180 to 190 mmHg to prevent 

hemoconcentration, helping to obtain a high convection 

volume [49]. Meanwhile, an appropriate anticoagulation 

therapy is essential as a higher filtration fraction elevates 

blood coagulation in the dialyzer due to hemoconcentra-

tion. The convective clearance of heparin when used as 

an anticoagulant (unfractionated heparin or low-molecu-

lar-weight heparin) increases with the surge of the convec-

tion volume in online HDF. Therefore, the dose of heparin 
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in HDF may be 10% higher than in HD [5]. 

Dialyzer 
Online HDF necessitates a highly permeable membrane 

to filter water and middle-molecule solutes, and the mem-

brane must be properly sized for the blood flow rate [51]—

that is, a high-flux membrane should have an ultrafiltration 

coefficient (KUF) of >20 mL/hr/mmHg/m2 and a sieving 

coefficient of >0.6 for β2-microglobulin [43]. The mem-

brane size should be at least 0.80 to 1.0 m2 per 200 mL/min 

for effective extracorporeal blood flow, meaning that a 2.0-

m2–sized hemodialyzer is appropriate for a blood flow rate 

of 400 mL/min [63]. 

Strategies to obtain an optimal convection volume for 
high-volume hemodiafiltration in the real world 

In 2015, Chapdelaine et al. [47] suggested a method for ob-

taining an appropriate level of convection volume, which 

reported that a stepwise increase of the factors of treatment 

time, blood flow rate, and filtration fraction helps to in-

crease the convection volume. In other words, for a patient 

with a blood flow rate of 300 mL/min, filtration fraction of 

25%, and treatment time of 210 minutes, the convection 

volume was 15.8 L/session; with the extension of treatment 

time to 240 minutes, the convection volume increased 

to 18.0 L/session. At this time, when the blood flow rate 

was increased from 300 to 350 mL/min, the convection 

volume increased from 18.0 to 21.0 L/session. Further, an 

increase in the blood flow rate to 400 mL/min caused the 

convection volume to increase from 21.0 to 24.0 L/session. 

Stepwise adjustment of treatment time, blood flow rate, 

and filtration fraction in this patient allegedly led the con-

vection volume to finally rise up to 29.8 L [47]. de Roij van 

Zuijdewijn et al. [54] conducted a prospective multicenter 

study to determine how many postdilution HDF patients 

would show a convection volume of ≥22 L would be obtain-

able when such a stepwise protocol is applied. This study 

applied the stepwise protocol in all patients to increase the 

treatment time to 4 hours, the blood flow rate to 400 mL/

min, and the filtration fraction to 33% if possible, which 

produced the result that a convection volume of ≥22 L was 

achieved in more than 80% of patients with an average of 

26 L/session. A high convection volume could be obtained 

by increasing the blood flow rate and filtration fraction 

even when the treatment time could not be extended [54]. 

In actual clinical practice, it is not difficult to obtain a 

high convection volume if the treatment time, blood flow 

rate, and filtration fraction were adjusted appropriately 

according to patient condition by referring to the above 

stepwise protocol suggested by Chapdelaine et al. [47]. For 

a low blood flow rate, the switch from postdilution HDF to 

predilution HDF will help to increase in convection vol-

ume. Jo et al. [64] reported that this switch could achieve 

a high convection volume in >90% of patients. Taking an 

actual example, convection volume for a female patient 

aged 74 years under postdilution HDF was 24.0 L, but it 

reached 30.2 L after applying the stepwise protocol [64] (Fig. 

1). Recently, Kim et al. [65] reported in a prospective obser-

vational study that a sufficiently high convection volume 

could be obtained by appropriately adjusting the blood 

flow rate, needle size, and dialyzer surface area. In this pro-

spective observational study, an 8-step stepwise protocol 

was applied to 30 patients receiving postdilution HDF. The 

researchers first gradually increased the blood flow rate 

(280→300→330 mL/ min, steps 1–3), followed by needle 

size (16→15 gauge, step 4), and the dialyzer surface area 

(1.8→2.5 m2) was increased sequentially. After changing 

the dialyzer surface area, the blood flow rate and needle 

size were increased sequentially in the same manner (steps 

5–8). In step 1, 13.3% of patients reached a substitution vol-

ume of ≥21 L, while 96.7% of patients achieved a high con-

vection volume after step 8 [65]. In conclusion, it is not dif-

ficult to obtain an appropriate level of convection volume 

for high-volume HDF in the real world by increasing the 

treatment time, blood flow rate, needle size, dialyzer sur-

face area, and filtration fraction using a stepwise protocol. 

The recommended adequate prescriptions and require-

ments for successful high-volume HDF are summarized in 

Table 1 [43,51]. 

Points to consider when interpreting the results of 
studies reported to date on hemodiafiltration 

There are discrepancies among existing studies on whether 

high-volume HDF reduces the risk of mortality in patients 

with ESRD. Furthermore, the quality of evidence derived 

from the RCTs reported to date is considered low due to 

methodological limitations—that is, most trials were not 

specifically designed to evaluate the effects of different 
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Figure 1. Case of applying a stepwise protocol to obtain the convection volume in the real world. A 74-year-old female patient with 
a height of 164 cm and a weight of 114 kg underwent postdilution hemodiafiltration (HDF). Initially, the treatment time was 4 hours, 
and the blood flow rate (BFR) was 270 mL/min. An increase in the BFR to 300 mL/min led the convection volume to increase to 25.5 
L. The treatment time was extended to 4 hours and 30 minutes when the target convection volume of 29 L/session was not reached, 
even after maximizing the filtration fraction via an auto-substitution (auto-sub) mode. However, the convection volume did not reach 
the target at 27.5 L. Finally, when the BFR was further increased to 320 mL/min, the convection volume reached 30.2 L.

Table 1. Prerequisites for successful high-volume HDF
Parameter Recommendation
Equipment needed for successful high-volume HDF
 Dialysis machine Certified dialysis machine for online HDF
 Dialyzer High-flux membrane (1.6–2.2 m2); ultrafltration coefficient, >20 mL/hr/mmHg/m2; 

sieving coefficient, >0.6 for β2-microglobulin, <0.001 for albumin
 Dialysate Ultrapure dialysate
 Dialysate composition Adjusted according to the patients’ needs
 Water treatment Production of ultrapure dialysate and substitution fluid
Prescriptions for successful high-volume HDF
 Mode Post-, pre-, mid-, or mixed dilution
 Vascular access AV fistula, AV graft, or central venous catheter
 Blood flow rate 300–450 mL/min (in post- or mid-dilution) and 200–250 mL/min (in pre-dilution)
 Dialysate flow rate >500 mL/min
 Infusion flow Automatic infusion flow (<33% of blood flow rate)
 Treatment time >4 hr/session, three times per week
 Filtration fraction 20%–25% in post-dilution HDF

Using a dialysis machine with automatic pressure-control mode, FF can be extended by 
up to 30%

 Anticoagulation No dose adjustment for unfractionated heparin, but dose adjustment for low- 
molecular-weight heparin

 Convective volume >23 L/session or 25 L/1.73 m2 for post-dilution HDF, >46 L/session or 52 L/1.73 m2 
for pre-dilution HDF, and >35 L/session or 40 L/1.73 m2 for mid- or mixed dilution 
HDF

AV, arteriovenous; FF, filtration fraction; HDF, hemodiafiltration.
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convective volumes. In addition, there was significant het-

erogeneity in dialysis interventions, including convective 

modalities, among trials. Therefore, caution is required 

when evaluating the effect of high-volume HDF on patient 

mortality. 

In particular, the possibility that selection bias may have 

affected mortality in each study should be considered. 

High-volume postdilution HDF requires a higher blood 

flow rate, and high blood flow rates are better reached in 

patients with good vascular access, who also tend to be 

healthier individuals. Ultimately, this selection bias may af-

fect patient mortality. If the patients selected for RCT were 

healthier than those excluded from the study, there is no 

doubt that the selection bias could affect study outcomes 

and lead to a lower all-cause mortality rate [66]. Indeed, 

compared to the DOPPS (Dialysis Outcomes and Practice 

Patterns Study) HDF population, HDF patients who par-

ticipated in the three large studies (CONTRAST, Turkish 

OL-HDF study, and ESHOL) had well-functioning vascular 

access [4,5,6,16]. However, in a Japanese study using the 

JRDR database, blood flow rates of patients receiving pre-

dilution HDF were not higher than those with HD (p = 0.99) 

after propensity score matching. Nevertheless, patients un-

dergoing high-volume predilution HDF had a significantly 

lower mortality rate than those receiving HD or low-vol-

ume predilution HDF [13]. 

Although high-volume HDF has shown several promis-

ing survival advantages over conventional HD, it remains 

controversial whether conclusive evidence is sufficient. 

Therefore, definitive studies are needed to determine 

whether high-volume HDF is preferred over standard high-

flux HD. For this purpose, the CONVINCE (comparison of 

high-dose HDF with high-flux HD) study, an international, 

multicenter, prospective, open-label RCT, is currently in 

progress to compare the benefits and harms of high-vol-

ume HDF and high-flux HD [67]. It is expected that this 

study will provide conclusive evidence of the superiority of 

high-volume HDF over standard high-flux HD in terms of 

the impact on all-cause mortality. 

Conclusion 

Although all data to date do not yet provide an accurate 

account of the exact mechanism, high-volume HDF appar-

ently does provide a significant survival benefit compared 

to conventional HD. On the other hand, compared to con-

ventional HD, high-volume HDF led to almost no issues 

when carried out, and an appropriate level of convection 

volume is easily obtainable in routine clinical practice. 

Therefore, when the required equipment is available, per-

forming high-volume HDF can help to improve the survival 

rate of dialysis patients.  
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