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ABSTRACT

Introduction: On-line haemodiafiltration (OL-HDF) is based on 

the controlled administration of large volumes of replacement 

ultrapure dialysate to the extracorporeal blood circuit of dialysis. 

It is currently the most effective technique for eliminating small 

and large uraemic toxins. Recent studies have observed a direct 

association between a decrease in mortality and the received 

convective volume. The latest Fresenius 5008 (5008 CorDiax) monitor 

software update enables the automation of the replacement 

volume without requiring total protein and haematocrit values, 

with the aim of maximising convection. Objective: The study’s 

objective was to evaluate the recent version of the 5008 monitor 

software compared to the previous version on the impact on total 

convective volume. Material and method: We included 63 patients 

(44 males and 19 females), with a mean age of 65.2 ± 15 years, on 

OL-HDF. Each patient was analysed in 6 sessions; 3 with the 5008 

monitor and 3 with the 5008 CorDiax monitor. The replacement 

volume, total convective volume and dialysis parameters were 

determined in each session. Results: No significant differences were 

observed in blood, venous or transmembrane pressure, nor was 

there an increase in the number of alarms or coagulation of lines or 

dialysers. A significant increase of replacement fluid volume, from 

27.2 to 31.2 L/session, was observed using the CorDiax software. 

Total convective volume increased from 29.5 to 33.3 L/session, 

representing an effective convective volume increase from 26 % to 

29.6 % of total filtered blood. Conclusion: The 5008 dialysis monitor 

software update has meant a 13 % increase of total convective 

volume and a 3.5 % increase of total filtered blood.
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Repercusión de la actualización del software del monitor 5008 en 

el volumen convectivo total

RESUMEN
Introducción: La hemodiafiltración on-line (HDF-OL) se basa en la 
administración controlada de grandes volúmenes de sustitución 
de líquido de diálisis ultrapuro al circuito sanguíneo extracorpóreo 
de diálisis. Actualmente es la técnica más efectiva para la elimina-
ción de toxinas urémicas de pequeño y gran tamaño. Recientes 
estudios han observado una asociación en el descenso de la mor-
talidad en relación directa con el volumen convectivo recibido. 
La última actualización del software del monitor Fresenius 5008 
(5008 CorDiax) permite la automatización del volumen de sustitu-
ción sin precisar la introducción de los valores de proteínas totales 
y hematocrito, con el objetivo optimizar al máximo la convección. 
Objetivo: El objetivo del estudio fue valorar la reciente versión 
del software del monitor 5008 comparada con la versión anterior 
sobre la repercusión en el volumen convectivo total. Material y 
métodos: Se incluyeron 63 pacientes, 44 varones y 19 mujeres, con 
una edad media de 65,2 ± 15 años, que se encontraban en progra-
ma de HDF-OL. Cada paciente fue analizado en 6 sesiones, 3 con 
el monitor 5008 y 3 con el monitor 5008 CorDiax. En cada sesión 
se determinaron el volumen de sustitución, el volumen convectivo 
total y los parámetros de diálisis. Resultados: No se observaron 
diferencias significativas en las presiones arterial, venosa o trans-
membrana ni aumento en el número de alarmas o coagulación 
de líneas o dializadores. Se observó un aumento significativo del 
volumen de sustitución con el uso del software CorDiax al pasar 
de 27,2 a 31,2 l/sesión. El volumen convectivo total se incrementó 
de 29,5 a 33,3 l/sesión, representando un incremento del volumen 
convectivo efectivo del 26 % al 29,6 % de la sangre total depu-
rada. Conclusión: El cambio de software en el monitor de diálisis 
5008 ha significado un aumento del volumen convectivo total del 
13 %, representando un incremento del 3,5 % de la sangre total 
depurada.

Palabras clave: Autosustitución. Hemodiafiltración en línea  

(HDF-OL). Máquina de diálisis. PTM. Volumen convectivo.

INTRODUCTION
 
Despite the advances made with regard to haemodialysis 

(HD), both overall mortality and cardiovascular mortality in 

patients who receive this type of therapy is much higher than 

in non-uraemic patients1. Renal replacement therapies such as 

haemofiltration, high-flux HD and haemodiafiltration (HDF) 

combine diffusion and convection with the objective of 

increasing clearance of uraemic toxins. Postdilutional online 

HDF (OL-HDF) is the most used convective therapy because 

it allows large replacement volumes to be obtained using the 

dialysate, resulting in maximum clearance of uraemic toxins, 
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arteriovenous fistula (81%) and the remainder, using a 

catheter (16%) or a polytetrafluoroethylene prosthesis.

In the first stage, each patient was assessed over three 

sessions with a 5008 monitor before the change of software 

was implemented. In the second stage, we recorded three 

other OL-HDF sessions with the new update.

During the week in which the 5008 monitor was used, a 

Qi was administered using the automated manual regimen, 

adjusting the haematocrit and total protein to achieve and 

maintain the Qi prescribed, which was approximately 25% 

of the Qb. During the second stage of the study, with the 

new version of the monitor, we used the automated infusion 

system, in which it was not necessary to introduce any value.

We considered the demographic characteristics of each patient: 

age, sex, time on dialysis, body surface area and body mass 

index. The dialysis parameters recorded in each session were: 

time scheduled, real time, dialyser, type of vascular access, 

blood flow, dialysate flow (Qd), heparin dose, Kt measured 

automatically by ionic dialysance, recirculation rate, arterial 

blood pressure, venous blood pressure, transmembrane pressure, 

initial and final haemoglobin, ultrafiltration, minimum plasma 

volume, processed blood volume and total convective volume.

In the laboratory, we determined haemoglobin, haematocrit 

and albumin at each stage.

 
Statistical analysis
 
Statistical analysis was carried out using the SPSS statistical 

software version 20.0 and the results were expressed as 

an arithmetic mean ± standard deviation. To analyse the 

statistical significance of quantitative parameters, we used 

Student’s t-test for paired data and the ANOVA test for 

repeated data. Values of p< 0.05 were considered to be 

statistically significant.

 
RESULTS
 
All dialysis sessions were carried out without notable clinical 

incidents and with a small number of monitor alarms. The 

dialysers used were: 1.4 m2 helixone in 76%, 1.8 m2 helixone 

in 19% and 2.1 m2 polyamide in 5%. Each patient had the 

same dialyser in both study periods. The anticoagulation used 

was heparin sodium in 6.4%, low-molecular-weight heparin 

(tinzaparin or nadroparin) in 79% and the remaining 14.3% 

sessions were carried out without heparin.

The dialysis time prescribed was 288.6 ± 17 min, the Qb was 400 

± 34 mL/min (interval between 300 and 450 mL/min) and the Qd 

500 mL/min; we should bear in mind that this flow is that which is 

going to be processed for diffusion and the Qi is additional.

as well as good haemodynamic tolerance, thus reducing 

the complications associated with conventional therapy2-4. 

Since convection is the transport that is predominant in the 

glomeruli, it is considered to be a more “physiological”, safe 

and versatile technique because it allows large quantities of 

replacement fluid to be produced in situ5.

The addition of the replacement volume and the loss of 

intradialysis weight (ultrafiltration) constitute the total 

convective volume6. Total convective volume has been 

directly related to clearance of uraemic molecules, especially 

those of a medium and large size6-8.

Several studies suggest a link between convective volume 

and overall survival. Consequently, retrospective studies such 

as the European patient subgroup of the Dialysis Outcomes 

and Practice Pattern Study and randomised studies such as the 

Turkish OL-HDF and CONTRAST studies have demonstrated 

the decrease in mortality with replacement volumes of 15, 

17.4 and 20, respectively, in post-hoc analysis. The recent 

ESHOL study demonstrated higher survival in patients who 

received >23 L of total convective volume12.

The main limitation to achieving a high convective volume 

lies in blood flow (Qb) and haemoconcentration. In this regard, 

the new generation of dialysis machines has improved the 

software in terms of increasing the total convective volume, 

optimising infusion flows (Qi) in relation to intradialysis 

changes13. The ultracontrol system in the Gambro machines 

or the Fresenius 5008 CorDiax automated replacement 

system are technological advances that attempt to maximise 

the convective volume administered automatically.

Until present, use of the “automated manual” regimen was 

recommended, in which the values of haematocrit and total 

protein were modified manually on the monitor in order to 

optimise the Qi with the lowest number of alarms14.

The study’s objective was to evaluate the recent version of 

the 5008 monitor software (CorDiax) compared to that of the 

previous version on the impact on total convective volume.

 
PATIENTS AND METHOD
 
The study was carried out in a hospital in stable HD patients. 

We included 63 patients, 44 males and 19 females, with a 

mean age of 65.2 ± 15 years (interval of 26-88 years) who 

had been on a HD programme for an average of 46.6 ± 52.6 

months. The chronic renal failure aetiology was as follows: 

chronic glomerulonephritis in 12 patients (19%), diabetic 

nephropathy in 11 (17.5%), polycystic kidney disease in 9 

(14.3%), vascular in 6 (9.5%), renal tumour in 4 (6.3%), a 

urological cause in 2 (3.2%), a systemic cause in 1 (1.6%), 

tubulointerstitial nephritis in 1 (1.6%) and an unknown 

cause in 17 (27%). Most patients received dialysis via an 
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helixone, and 26.08 ± 4.9 versus 31.57 ± 5.8 with 2.1 m2 

polyamide (p< 0.001 in all cases).

 
DISCUSSION
 
This study shows that it is possible to increase the total 

convective volume with postdilution OL-HDF with the only 

change being the new dialysis machine software, without 

modifying any of the other dialysis parameters.

OL-HDF is a safe technique that improves intradialysis 

haemodynamic tolerance15. Currently, the ESHOL study 

has contributed scientific evidence that patients who receive 

postdilution OL-HDF have increased survival compared those 

on HD12. A subsequent meta-analysis that includes the three 

main randomised multi-centre studies10-12 has confirmed that 

OL-HDF reduces overall mortality by 16%16. These data lead 

us to predict a progressive increase in this technique, and it 

will probably become the standard treatment in the near future.

However, there are still issues to be resolved with regard 

to HDF techniques. The first is a conceptual redesign. 

According to the Eudial group, HDF is a blood clearance 

treatment that combines diffusive and convective transport 

using a high-flux dialyser with the following characteristics: 

an ultrafiltration coefficient greater than 20 mL/mmHg/h/m2 

and a screening coefficient for ß2-microglobulin greater than 

0.6. It is considered that the minimum effective convective 

There were no statistically significant differences in the 

laboratory parameters, the real dialysis time, the Qb or other 

dialysis parameters (Table 1). The only exception was the 

ultrafiltration volume: 2.25 L ± 0.92 with the 5008 monitor 

versus 2.06 L ± 0.85 with the CorDiax monitor (p = 0.005). 

Arterial pressure, venous pressure and transmembrane 

pressure were similar in both study periods, as well as 

the recirculation rate, the processed blood volume and the 

dialysis dose measured by ionic dialysance and expressed 

as Kt (Table 1).

The replacement volume was significantly higher with the 

5008 CorDiax monitor: 31.2 ± 3.4 L, versus the 5008 monitor: 

27.2 L ± 2.8, p< 0.001. These differences are maintained 

when we separate the sessions into the three days of the week 

(Figure 1). Table 2 also displays the absolute total convective 

volume, as well as volume related to dry weight, body surface 

area and body mass index and lastly the effective convective 

volume percentage of the total processed blood, with the 

differences being significant in all cases. Patients with a 

catheter received a replacement volume below that of those 

with fistulas; however, upon changing to the 5008 CorDiax 

monitor, there was a significant increase in the replacement 

volume in patients with fistulas and those with tunnelled 

venous catheters (Figure 2).

The replacement volume increase was maintained regardless 

of the dialyser used, 27.43 ± 2.5 versus 31.38 ± 3.2 L with 

1.4 m2 helixone, 27.47 ±  2.6 versus 31.71 ± 3.0 with 1.8 m2 

Table 1. Comparison of laboratory data and dialysis parameters between dialysis periods using a 5008 monitor and a 

5008 CorDiax monitor (n=63)

5008 5008 CorDiax P

Dry weight (kg)                                        67.7 ± 14.8

BMI (kg/m2)                                         24.6 ± 4.7

Body surface area (m2)                                         1.75 ± 0.21

Hb (g/L) 11.59 ± 1.15 11.60 ± 1.27 0.899

Haematocrit (%) 35.31 ± 3.63 35.49 ± 3.91 0.687

Albumin (mg/dL) 38.28 ± 3.47 38.08 ± 3.30 0.403

Total protein (g/L) 66.70 ± 5.11 65.25 ± 9.04 0.113

Real time (min) 282.93 ± 16.96 283.06 ± 17.36 0.687

Average Kt (L/session) 71.3 ± 7.5 70.5 ± 7.7 0.108

Average TMP (mmHg) 187 ± 39 188 ± 22 0.870

Venous blood pressure (mmHg) 197 ± 28 200 ± 26 0.070

Arterial blood pressure (mmHg) -208 ± 27 -209 ± 28 0.961

Qb (mL/min) 398.5 ± 35 399.5 ± 36 0.875

Recirculation (%) 14.1 ± 4.6 14.3 ± 4.5 0.665

Processed blood volume (L/session) 112.8 ± 12.5 113.1 ± 12.6 0.519

Ultrafiltration (L/session) 2.25 ± 0.92 2.06 ± 0.85 0.005

Minimum plasma volume (%) 89.6 ± 4.7 89.4 ± 3.8 0.651

Qb: blood flow; Qd: dialysis flow; Qi: infusion flow; Hb: haemoglobin; BMI: body mass index; Kt: clearance x time;  
TMP: transmembrane pressure.
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convective volume could be younger, with better vascular 

access and lower comorbidity11,12.

The main limiting factors in achieving high convective 

volumes were Qb, time and haemoconcentration in the dialyser. 

In recent years, there has been technological development 

with the aim of achieving an increase in convective volume. 

New dialysers were developed with an increased pore size 

and some were developed with an increase in the diameter 

of the capillary fibres specifically designed to increase the 

convective volume. The other advancement corresponded 

to the development of new dialysis monitors that allow an 

automated Qi in order to maximise the convective volume. 

The 5008 CorDiax monitor software update is based on 

the dynamic analysis of the pressure pulse signals that are 

generated when blood passes through the filter, and using 

transport percentage must be greater than 20% of the total 

blood processed6.

A second issue to discuss is what the adequate convective 

volume should be per session. In a post-hoc analysis that 

assessed mortality in relation to the convective volume 

received, in the three randomised clinical trials, there was 

superiority in receiving a high convective volume. In the 

Turkish study, when we analysed the patients by the median 

reinfusion volume, 17.4 L, we found a 46% reduction in 

mortality10. In the CONTRAST and ESHOL studies, the 

analysis was carried out separating patients into terciles and 

they found a reduction in mortality when they received a total 

convective volume greater than 22 and 23 L, respectively. 

Logically, since it was a secondary analysis, there was a 

selection bias, since the patients who achieved a higher 

Table 2. Comparison of the convective volume between dialysis periods using a 5008 monitor and a 5008 CorDiax monitor 
(n=63)

5008 5008 CorDiax P

Qi (mL/min) 96.1 ± 8 110.6 ± 11 < 0.0001

Replacement volume (L/session) 27.2 ± 2.8 31.2 ± 3.4 < 0.0001

Convective volume (L/session) 29.5 ± 3.1 33.3 ± 3.5 < 0.0001

Convective volume/Dry weight (L/kg) 0.45 ± 0.08 0.51 ± 0.11 < 0.0001

Convective volume/BSA (L/m2) 16.9 ± 2.0 19.2 ± 2.5 < 0.0001

Convective volume/BMI (L/kg/m2) 1.22 ± 0.19 1.39 ± 0.25 < 0.0001

Convective volume percentage with respect to the total blood processed (%) 26.1 ± 1.1 29.6 ± 2.2 < 0.0001

BSA: body surface area; BMI: body mass index; Qi: infusion flow.

Figure 1. Comparison of the total convective volume in 
the three sessions of the week between a 5008 monitor 
and a 5008 CorDiax monitor (n = 63).
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Figure 2. Differences in the total convective volume achieved 
with a catheter or arteriovenous fistula between sessions 
using a 5008 monitor or a 5008 CorDiax monitor (n = 63).
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in the replacement volume (half of the current version). The 

new 5008 CorDiax version simplifies the process with a fully 

automated infusion system which, as this study shows, has 

achieved an increase in the convective volume.

Another aspect that has not yet been resolved is the way in 

which to express convective volume. We should express it in 

litres per session in absolute terms or relative to dry weight, by 

body surface area, by body mass index or, as was mentioned 

previously by the EuDial group, by the percentage of total 

filtered blood. In this study, considering that the average dialysis 

duration was almost five hours, the total convective volumes 

achieved were high, regardless of how we express them, and 

a significant increase was observed with the new software. 

The replacement volume increased from 5.3 L/h to 6.17 L/h, 

with the effective convective volume percentage increasing 

from 26.1% to 29.6% of total filtered blood. This significant 

difference may be important in patients who carry out short 

OL-HDF sessions or in those in which the Qb is limited.

The convection dose continues to be the major issue to be 

resolved in the coming years, and it is currently recommended 

that a total convective volume greater than 21 L per session 

should be achieved, based on the post-hoc analysis results 

of the main clinical trials, in the absence of more conclusive 

scientific evidence.

 
CONCLUSION
 
The change of software in the 5008 dialysis monitor has 

meant a 13% increase in the total convective volume. The 

effective convective volume percentage of total processed 

blood increased by 3.5%. These results were achieved 

without differences in arterial, venous or transmembrane 

pressure. This technological advancement has allowed an 

increase in the convective volume per session, which could 

lead to optimum volumes being achieved in a greater number 

of patients.
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