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A Pauline, la plus belle danseuse, que je n'oublie pas et qui me manque, merci pour tous les moments mythiques que tu m'as fait vivre. Merci d'être 100% toi, toujours surmotivée. L'efficacité entre ces 2 techniques peut être comparée au niveau métabolique par des indices simples comme le taux de réduction de l'urée. L'objectif principal de cette étude sera de comparer le taux de réduction de l'urée après 12 En comparant le taux de réduction de l'urée seulement entre les premières séances (65 dans le groupe CVVHDF et 62 dans le groupe CVVH), le taux de réduction de l'urée est significativement supérieur dans le groupe CVVHDF (39,98%) par rapport au groupe CVVH (34,11%), p=0,01. Cette différence se maintient à H24 et jusqu'à la fin de la séance.

Il n'y a pas de différences significatives concernant les autres critères de jugements secondaires, notamment sur la durée de vie du filtre.

Il s'agit de la première étude comparant CVVH et CVVHDF avec des doses de dialyse équivalentes, qui retrouve une différence significative sur un critère métabolique, en faveur de CVVHDF. Il n'existe pas de recommandations sur le choix de la technique de dialyse, mais les avantages théoriques de l'association de méthodes diffusive et convective sont nombreux : meilleur contrôle métabolique, meilleure clairance des protéines de l'inflammation, et réduction de la fraction de filtration du filtre.

Une étude avec une puissance plus importante et un objectif principal différent (clinique ou orienté sur la durée de vie du filtre) pourraient être envisagés dans l'avenir.

INTRODUCTION

Acute kidney injury (AKI) remains a major cause of death in intensive care unit (ICU)

patients as it carries a risk of death of about 50% at one year 1,2 . If AKI can be reversed by general therapeutic maneuvers as fluid therapy, vasopressors, sepsis or hemorrhage source control, the need for renal replacement therapy remains (RRT) ranges from 5-10 % (whatever the KDIGO 3 classification stage) to 60 % for KDIGO stage 3 patients [4][START_REF] Gaudry | Initiation Strategies for Renal-Replacement Therapy in the Intensive Care Unit[END_REF][START_REF] Barbar | Hemofiltration compared to hemodialysis for acute kidney injury: systematic review and meta-analysis[END_REF] .

Continuous renal replacement therapy (CRRT) is widely used in ICU patients with AKI because of a better hemodynamic stability as compared to conventional intermittent hemodialysis (IHD) 3 . The main techniques used for CRRT are continuous veno-venous hemofiltration (CVVH, convective therapy), continuous veno-venous hemodialysis (CVVD, diffusive therapy) and continuous veno-venous hemodiafiltration (CVVHDF, concomitant use of diffusive and convective therapy). Among CRRT therapies, CVVHDF and CVVH are the most widely used in Europe 7 . The respective indication of diffusive versus convective therapy remains unclear. Despite a theoretical interest in terms of inflammatory molecules removal with convective therapy, no clear benefit of cytokines removal could be demonstrated over the past 15 years. On the opposite, in terms of metabolic control, diffusive therapy is more efficient to remove small molecule as creatinine, blood urea nitrogen (BUN) or potassium. Mixing both diffusive and convective therapy during CVVHDF could theoretically allow a more rapid of small molecules normalization as compared to CVVH. The comparative efficacy of CVVH and CVVHDF has been poorly studied. The choice of each technique is largely dependent of arbitrary ICU team choices. Metabolic efficacy of RRT technique can be evaluated by simple indices as blood urea nitrogen reduction ratio (BUNRR) [8][9][START_REF] Scherer | Intermittent hemodiafiltration as a down-step transition therapy in patients with acute kidney injury admitted to intensive care unit who initially underwent continuous venovenous hemodiafiltration[END_REF][START_REF] Faguer | Heparin-Free Prolonged Intermittent Hemodialysis Using Calcium-Free Citrate Dialysate in Critically Ill Patients[END_REF][START_REF] Weidhase | Myoglobin clearance with continuous veno-venous hemodialysis using high cutoff dialyzer versus continuous veno-venous hemodiafiltration using high-flux dialyzer: a prospective randomized controlled trial[END_REF][START_REF] Owen | The urea reduction ratio and serum albumin concentration as predictors of mortality in patients undergoing hemodialysis[END_REF] . The primary aim of the present study was to compare BUNNR after twelve hours of CVVH or CVVHDF treatment in ICU patients with AKI. In order to standardize treatment in the two groups, the dose of 30 mL/kg/h of effluent rate was applied in both groups according to guidelines 3 as follows: 30 ml/Kg/h of hemofiltration (convective therapy) in the CVVH group versus 15 mL/Kg/h of dialysis (diffusive therapy) plus 15 ml/Kg/h of hemofiltration (convective therapy) in CVVHDF group. The secondary objectives were: BUNRR after 24 h treatment, BUN clearance over each whole session period (with a maximum duration of 72 hours, in order to respect manufacturers recommendations), duration of session period, down time duration (defined as the percentage of session time where no treatment was applied, corresponding of treatment stop for body care, imaging exams, surgical procedures…), hemodynamic stability, ionic disorders, and ICU mortality. The hypothesis was that, due to a lower filtration ratio (defined as the ratio between convective treatment output and blood output) in the CVVHDF group, life filter could be prolonged due to a lesser blood concentration across filter.

This study aimed to demonstrate that CVVHDF is superior to CVVH in terms of BUNRR after 12 hours of CRRT session in ICU patients with AKI.

MATERIAL AND METHODS

Ethics

This study has been approved by the local ethic committee CPP Sud Mediterranée III (05 02 2012, N°2012.02.05) and has received the following CNT number NCT01403220. The first inclusion was the 20/04/2012, and the last inclusion was the 17/02/2015.

Study design

This was a prospective monocentric, open labeled, randomized comparative cross-over trial. We planned to include patients in 2 intensive-care units in the University Hospital of Nîmes, France. One of the intensive-care units was medical, and the other one was surgical.

CRRT machine and settings

We randomly assigned adults (> 18 years) patients to either hemofiltration (CVVH), or hemodiafiltration (CVVHDF) for the first session. For the second session, patients received the opposite technique as compared to the first one (CVVH for the second session if the first has been CVVHDF). All RRT sessions had been performed with Aquarius machine (Nikkiso America Inc. 5910 Pacific Center Blvd. Suite 110 San Diego, CA 92121 USA). The filter membrane area was 1.9m 2 , polyether sulfone (Aquamax HF 19, Nikkiso America Inc. 5910 Pacific Center Blvd. Suite 110 San Diego, CA 92121 USA), pore size molecules up to 55kDa, thickness of 30µm, inner diameter of 200µm and clearance performance of 500mL/min. The CVVH setting was: Effluent flow rate = 30 mL/Kg/h and CVVHDF settings were: hemofiltration rate = 15 ml/Kg/h, and dialysis flow rate = 15mL/kg/h. In both groups, the blood flow rate was prescribed in order to obtain a filtration ratio < 25% (filtration ratio = hemofiltration rate / Blood flow rate).
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Inclusion criteria

The inclusion criteria were: Acute Kidney Injury (AKI) defined as stage F of the RIFLE score [START_REF] Bellomo | Acute Dialysis Quality Initiative w: Acute renal failure -definition, outcome measures, animal models, fluid therapy and information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group[END_REF] , and at least one of the following criteria: metabolic acidosis (pH < 7.2) except diabetic acidosis, plasma Urea > 25mmol/L, and non-responsive diuretics in patients with fluid overload.

Exclusion criteria

The exclusion criteria were: dialysis end-stage renal disease, dialysis sessions which duration is expected to be less than 12 hours, threatening Hyperkaliemia (Kaliemia > 6.5 mmol/L with electrocardiographics signal), intoxications with a dialyzable toxic, medical indication of regional citrate anticoagulation, patients' or representative people refusal, minor, or under protective measure, pregnant, parturient or breast-feeding women.

Recorded parameters

The recorded parameters were:

-Clinical: chronic heart failure, chronic renal disease, chronic liver failure, diagnostic, temperature, Mac Cabe score [START_REF] Cabe | Gram negative bacteremia : Etiology and Ecology[END_REF] , Blood pressure, Use of norepinephrine, weight, height, age, sex...), ICU mortality -Biological: plasma creatinine, urea nitrogen, total proteins, phosphate, potassium, bicarbonates, base excess, pH, arterial lactate, anti-Xa activity, blood hemoglobin and platelets.

-Dialysis parameters recorded are blood pump flow, effluent flow rate, hemofiltration flow rate, dialysis flow rate, arterial and venous pressure, transmembrane pressure, filtration ratio, session duration.

-Parameters were recorded at inclusion (H0), at H12, H24, and at the end of each session.

The Primary objective

The primary objective was to demonstrate that BUNRR is greater with CVVHDF than with CVVH after 12 hours of CRRT session in ICU patients with AKI. The endpoint for successful session was the achievement of blood urea nitrogen reduction ratio (BUNRR) higher than 60% [START_REF] Owen | The urea reduction ratio and serum albumin concentration as predictors of mortality in patients undergoing hemodialysis[END_REF] at H12, for each session. The BUNRR formula was: (initial urea ratio urea ratio at 12h)/(initial urea ratio).

The secondary objectives

The secondary objectives were the comparison of BUNRR at H12, H24 and at the end of the session, Urea clearance (calculated according to the following formula: (Effluent Volume * Effluent urea concentration) / Blood urea concentration), premature RRT stop (less of 12hours), life duration filter (hours), duration of effective period (no down time period) at H24, hemodynamic tolerance (fluid therapy, vasopressors dose), electrolyte imbalance. The ICU mortality was also recorded in the two groups.

STATISTICAL ANALYSIS

Patient characteristics are described at baseline overall and by randomization group (CVVHDF vs CVVHF). We performed statistical analysis reporting median and interquartile range for continuous variables, frequency and percent for qualitative ones.

We estimated the primary endpoint of the study as the achievement of a blood urea nitrogen reduction rate at 12 hours (BUNRR H12) of treatment greater than 60% for each session. Intention To Treat analysis includes all patients who have had at least one RRT session with a calculated BUNRR H12. We perform a regression linear model including all the session with a correct alternation. Time shift period effect was also evaluated.

For the secondary outcome, we performed the same statistical method as in primary, Blood urea nitrogen reduction urea at H24 and at H72 between groups. For the others outcomes we used appropriate statistical testing such as Pearson Chi-square or Fisher tests for qualitative variables, Student tests or non-parametric Wilcoxon test for continuous variables. We performed further analysis of the primary outcomes creating group as-treated considering real treatment received unregard of the randomization. All tests are two-sided, with the analyses performed using SAS (SAS Institute, Cary, NC, USA) version 9.4.

We considered that 50% of sessions in the group CVVH had a BUNRR at H12 higher than 60%. We needed 214 sessions, to highlight an absolute difference of 20% in the group CVVHDF (Risk alpha 5%; Statistical Power 85%). We decided to include 300 sessions, to prevent the adjustment of the logistic regression analysis.

The patients were randomly assigned to have a sequence of sessions, beginning by CVVHDF or CVVHF. The second session was the opposite of the first session. After, the sessions alternated. The study would stop when 300 sessions would be done. The statistic unit was the session of RRT. The proportion of sessions with BUNRR > 60% were compared in the 2 groups. The BUNRR was measured at H12 and H24 and at the end of the sessions. The patients were stratified on the hospital unit. The randomization was controlled by a secure internet access.

RESULTS

From 20/04/2012 to 17/02/2015, one hundred and fifty-five patients were included.

Demographic parameters and conditions at baseline in the two groups are summarized in Table 1.

Clinical characteristics

The median age was 70 years old. 70% of the population study were men. The median weight was 80kg (from 43 to 154kg). The median size was 170cm. Almost 70% of the population were in overweight or in obesity. The median of SAPS II score [START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF] was 47 in the two groups. The median of the SOFA score [START_REF] Vincent | The SOFA (Sepsis-related Organ Failure Assessment) score to describe organ dysfunction/failure. On behalf of the Working Group on Sepsis-Related Problems of the European Society of Intensive Care Medicine[END_REF] was 11 in the two groups. The catheter site was right femoral vein in more than 50% cases in each group, other insertion sites are detailed in table 1. Temperature was normal and comparable between the two groups (between 36.5 and 37.1). More than 60% of patients in each group required Norepinephrine.

Past medical history

In the CVVHDF group, 4% had a chronic liver failure, 23% a chronic renal failure, 6% a cardiac failure, 55% had an HBP and 27% were diabetics. In the CVVH group, 3% had a chronic liver failure, 10% had a chronic renal failure, 10% had a cardiac failure, 51% had an HBP and 25% were diabetics.

Reasons for ICU admission

More than 50% of the population were admitted for a medical cause, and around 35% for an emergency surgery. Almost 60% in the two groups were admitted for an infection. The others reasons for ICU admission were Acute Respiratory Distress Syndrome (6% in CVVHDF and 9% in CVVHF), acute pancreatitis (8% in CVVHDF and 1% in CVVHF), severe neurologic disease (1% in CVVHDF and 3% in CVVHF), major bleeding (4% in CVVHDF and 5% in CVVHF), acute failure of chronic organ disease (5% in CVVHDF and 4% in CVVHF), acute kidney injury (38% in CVVHDF and 31% in CVVHF), severe metabolic disorders (4% in CVVHDF and 3% in CVVHF).

Indications of Renal Replacement Therapy

The Renal Replacement Therapy indication was mainly stage F of RIFLE classification [START_REF] Bellomo | Acute Dialysis Quality Initiative w: Acute renal failure -definition, outcome measures, animal models, fluid therapy and information technology needs: the Second International Consensus Conference of the Acute Dialysis Quality Initiative (ADQI) Group[END_REF] .

The other indications were metabolic acidosis (23% in CVVHDF and 31% in CVVHF), fluid overload (9% in CVVHDF and 8% in CVVHF), nephrotoxicity (5% in CVVHDF and 6 % in CVVHF), septic shock (77% in CVVHDF and 82% in CVVHF), cardiogenic shock (12% in CVVHDF and 8% in CVVHF), and hypovolemic shock (11% in CVVHDF and 10% in CVVHF).

Biological analysis at H0

The median of serum creatinine was superior to 200µmol/L in each group, and the median of BUN concentration were superior to 25mmol/L. The median of serum phosphate was high, of serum calcium was down. The median of serum potassium was between 4 and 4.5mmol/L. Metabolic acidosis were more important in session 1 than in session 2.

Patients' characteristics of the two groups (CVVHDF session 1, CVVH session 1) at H12 are presented in Table 2.

Settings of the machine at H12 (Table 2)

The median of blood pump flow, arterial pressure, venous pressure, transmembrane pressure were in the norms. The median of filtration ratio was under 25%. The median of session duration was between 30 and 40hours and the median of effective treatment duration was almost 12Hours.

Study flow chart (Figure 1):

Seventy-eight patients were included in the CVVHDF group first, and 77 in the CVVH group for the first session. Two patients from the CVVHDF group and 5 from the CVVH group were excluded because of the realization of the wrong RRT. One in the CVVHDF group had no RRT.

For the second session, among the 77 patients who had first the CVVHDF session, 28 patients had the opposite RRT (CVVH), 46 patients had no second session and 3 patients had the same RRT than the first session (CVVHDF). Among the 77 patients who had first CVVH session, 29 patients had the opposite RRT (CVVHDF), 44 patients had no second session and 4 patients had the same RRT than the first session (CVVH). Finally, 218 sessions were analyzed. Among the 218 sessions, 122 had an alternation 1-2 (CVVHDF-CVVH) or 2-1 (CVVH-CVVHDF). The analysis in ITT include all patients who had at least one session, that represents 182 sessions: 65 in the CVVHDF group session 1 (12 missing data) ; 62 in the CVVH group session 1 (15 missing data) ; 27 in the CVVHDF group session 2 (4 missing data) ; 28 in the CVVH group session 2 (5 missing data).

(Figure 1). Among the 182 sessions, the threshold of 60% was reached in only 2 sessions. That's why, we decided to use the continuous value of BUNRR, in a linear model.

Primary outcome

The results showed that CVVHDF was no significantly superior to CVVH (average of BUNRR was 34,51% in CVVHDF group, versus 31,37% in CVVH group, p=0,16). The model 1 let us see that the session 1 was significantly superior to the session 2 at H12 (difference of the average of RRT between session 1 and session 2 was 8.30 ±2.13, p=0.0003). This was the time effect, caused by the daily medical care and nursing.

That's how we decided to compare only the sessions 1 in the two groups, thanks to the model 2. We included 127 first sessions (65 in CVVHDF group and 62 in CVVH group).

The average of BUNRR of the first sessions at H12 was significantly superior in the CVVHDF group (39,98%) than in the CVVH group (34,11%), p=0,01. Figure 2.

Secondary outcomes

Mortality

The mortality in each first session of CVVHDF and CVVH was not significantly different, respectively 54% vs 55% (p=0,93).

Blood urea nitrogen reduction ratio at H 24 and at H72

There was a significant difference for the BUNRR at H24: 57,21% (CVVHDF) vs 44,22% (CVVH) (p=0,02). The number of missing data was 57/154 (37%) at H24. At H72, the BUNRR differed was not different between the two groups: 57,66% vs 48,76% (p=0,08).

The number of missing data was 48/154 (31%) at H72.

Urea Clearance (mL/min)

The urea clearance was statistically different between the two groups 29,2mL/min vs 52,98mL/min for CVVHDF and CVVH groups, respectively (p=0,001).

Obstruction filter ratio-Circuit loss

There was no difference according the ratio of obstruction filter at H72 between the 2 groups: 29% vs 30% in CVVHDF and CVVH groups respectively (p=0,9). The most common reason was a filter thrombosis.

Life duration filter

The decision to end the RRT for an expired life duration filter was not different between the two groups 26% vs 29% in CVVHDF and CVVH groups, respectively (p=0,75).

Effective period at H12

The median of effective period in each session 1 of CVVHDF and CVVH was both 11,9h (p=0,81).

Hemodynamic tolerance

There was no difference according the use of vasopressors at H12 (82% in CVVHDF vs 82% in CVVH p=0,95), at H24 (73% in CVVHDF vs 78% in CVVH p=0,55) and at H72 (71% in CVVHDF vs 69% in CVVH p=0,81). There was no difference according the use of fluid resuscitation at H12 (55% in CVVHDF vs 47% in CVVH p=0,38), at H24 (27% in CVVHDF vs 26% in CVVH p=0,93), and at H72 (33% in CVVHDF vs 42% in CVVH p=0,29).

Electrolyte imbalance

The serum potassium (4,5mmol/L), serum magnesium (0,83mmol/L), serum calcium (1,85mmol/L), plasma protein (49g/L) and the weight (79kg) at H12 were no significantly different between the 2 groups. The serum phosphate at H12 was higher in the CVVHDF group: median at 1,64mmol/L vs 1,42mmol/L in the CVVH group (p=0,04). 

CVVHDF CVVH

No obstruction filter Obstruction filter

DISCUSSION

Main findings

The present study shows that BUNRR was statistically superior with CVVHDF than with CVVH when the first session was performed using CVVHDF (p = 0.02, Figure 2). No difference was observed in terms hemodynamic stability, fluid resuscitation, weight variation or electrolytic disturbances. Despite a higher filtration ratio in CVVH group that could negatively correlate with circuit duration, no difference of filter duration or session duration was observed. The ICU mortality was not different between the two groups (55 % in CVVH group vs 54 % in CVVHDF group, p=0,93).

Relation with previous literature

In ICU patients with AKI, CRRT is more used than IHD because of a better hemodynamic tolerance 3 . Although CRRT could favorably influence renal recovery after AKI, IHD

remains applied in about one third of ICU patients, without affecting mortality as compared to CRRT techniques [START_REF] Bonnassieux | Renal Replacement Therapy Modality in the ICU and Renal Recovery at Hospital Discharge[END_REF][START_REF] Schneider | Choice of renal replacement therapy modality and dialysis dependence after acute kidney injury: a systematic review and meta-analysis[END_REF] . The two main CRRT techniques are CVVH used in ICU and CVVHDF, with a slight predominance of CVVH use [START_REF] Zha | The efficacy of renal replacement therapy strategies for septic-acute kidney injury: A PRISMA-compliant network metaanalysis[END_REF][START_REF] Jones | How acute kidney injury is investigated and managed in UK intensive care units--a survey of current practice[END_REF][START_REF] Connor | Continuous Renal Replacement Therapy: Reviewing Current Best Practice to Provide High-Quality Extracorporeal Therapy to Critically Ill Patients[END_REF] . There are no definitive randomized study comparing different CRRT modes in ICU. During early 2000's, pure convective technique (CVVH) has been popular as an adjunctive therapy during septic shock [START_REF] Honore | Blood and plasma treatments: highvolume hemofiltration--a global view[END_REF] or sepsis-like syndrome [START_REF] Journois | High-volume, zero-balanced hemofiltration to reduce delayed inflammatory response to cardiopulmonary bypass in children[END_REF] , aiming middle-molecular weight molecules removal and subsequent inflammatory response control. No study confirmed a clinical benefit of CVVH during sepsis, even with high-volume use [START_REF] Honore | High-volume versus standard-volume haemofiltration for septic shock patients with acute kidney injury (IVOIRE study): a multicentre randomized controlled trial[END_REF][START_REF] Bouman | Effects of early high-volume continuous venovenous hemofiltration on survival and recovery of renal function in intensive care patients with acute renal failure: a prospective, randomized trial[END_REF] . International guidelines did not make recommendation for the use of CRRT (or other blood purification technique) for inflammation control. Therefore, RRT is only recommend for severe acute renal failure management [START_REF] Rhodes | Surviving Sepsis Campaign: International Guidelines for Management of Sepsis and Septic Shock: 2016[END_REF] . As potential advantages of convective therapy have not been confirmed, the increase use of diffusive therapy appears logical for two reasons. First, the use of diffusive therapy consistently reduces filtration fraction and subsequent risk of filter obstruction by excessive hemoconcentration. Second, diffusive therapy offers a theoretical better azotemic control over convection therapy. This latter issue has not been extensively studied. In 2006, a prospective randomized study comparing CVVH (n = 102) and CVVHDF (n = 104) in ICU patients with AKI showed a significant benefit of CVVHDF over CVVH in terms of mortality (44 vs 64 %, p = 0.03) [START_REF] Saudan | Adding a dialysis dose to continuous hemofiltration increases survival in patients with acute renal failure[END_REF] . This study did not use comparable RRT doses: in the two groups, patients received a 25 mL/Kg/k convection rate, but the CVVHDF group received an adding dialysis (diffusive therapy) dose of 18 mL/Kg/h. Therefore, this study compared a 25 mL/Kg/h to 43 mL/Kg/h effluent rate. One hypothesis for the better survival could be the higher effluent rate in CVVHDF group and/or a too low dialysis dose in CVVH group (25 mL/Kg/h) [START_REF] Saudan | Adding a dialysis dose to continuous hemofiltration increases survival in patients with acute renal failure[END_REF] . In 2014, a retrospective study compared 94 ICU patients with AKI treated with CVVH versus 59 treated by CVVHDF [START_REF] Alenezi | Continuous venovenous hemofiltration versus continuous venovenous hemodiafiltration in critically ill patients: a retrospective cohort study from a Canadian tertiary centre[END_REF] . The effluent flow rate was 35 mL/Kg/h in both groups. In this study, no difference in mortality, ICU or hospital stay was reported [START_REF] Alenezi | Continuous venovenous hemofiltration versus continuous venovenous hemodiafiltration in critically ill patients: a retrospective cohort study from a Canadian tertiary centre[END_REF] . In a similar retrospective study published in 2017 and comparing 62 patients treated with CVVH to 75 patients treated with CVVHDF at 35 mL/Kg/h in both groups, no difference in mortality was observed [START_REF] Premuzic | Differences in CVVH vs. CVVHDF in the management of sepsis-induced acute kidney injury in critically ill patients[END_REF] . In this study, the sub-group of anuric patients, mortality was lower in the CVVHDF group.

Moreover, in CVVHDF group, creatinine was more rapidly and durably controlled as compared to CVVH group, suggesting a better metabolic control with CVVHDF [START_REF] Premuzic | Differences in CVVH vs. CVVHDF in the management of sepsis-induced acute kidney injury in critically ill patients[END_REF] .

Beyond the better metabolic control with CVVHDF reported in the present study, using CVVHDF rather than CVVH also allows reduction of filtration fraction, which theoretically reduces the risk of circuit loss by excessive hemoconcentration across hemofilter. It is widely admitted that filtration fraction should be kept below 20-25 % in order to prevent filter [START_REF] Neri | Nomenclature Standardization Initiative a: Nomenclature for renal replacement therapy in acute kidney injury: basic principles[END_REF] . In a study comparing myoglobin clearance between CVVHD vs CVVHDF (with a lower filtration ratio in the CVVHD group) dialyzer lifespan was significantly longer in the CVVHD group (Mean 57 vs 70 hours, p = 0.029) [START_REF] Weidhase | Myoglobin clearance with continuous veno-venous hemodialysis using high cutoff dialyzer versus continuous veno-venous hemodiafiltration using high-flux dialyzer: a prospective randomized controlled trial[END_REF] . In the present study, there was no difference in filter life between the two groups while we hypothesized that reducing filtration fraction by using CVVHDF could increase filter life. This apparent conflicting result can be mainly due to the low filtration fraction observed in the two groups (11% in CVVHDF group vs 17% in CVVH group).

Clinical implications

The present results study plea for a future comparison of CVVHDF vs CVVHD (diffusive therapy alone) in terms of BUNRR. Only a recent report compared the two techniques.

In 2020, Weidhase et al showed a significant better myoglobin clearance with CVVHD as compared to CVVHDF [START_REF] Weidhase | Myoglobin clearance with continuous veno-venous hemodialysis using high cutoff dialyzer versus continuous veno-venous hemodiafiltration using high-flux dialyzer: a prospective randomized controlled trial[END_REF] . If future studies confirm the superiority of CVVHD over CVVHDF, CVVHD could become the first-line CRRT technique for ICU patients.

Limitations

The number of patients required has not been reached. Second, our hypothesis for a Goal of BUNRR (> 60 %) has probably been overestimated as we used results obtained from conventional hemodialysis which has obviously a better metabolic efficacy as compared to continuous RRT techniques. Finally, the cross-over randomization probably limits the power of study.
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 1 Figure 1. Study flow chart. RRT: Renal Replacement Therapy / CVVH: Continuous veno-venous hemofiltration / CVVHDF: continuous veno-venous hemodiafiltration.

  

  

  

  

  

Table 1 . Patients' characteristics at inclusion.
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	Hemodiafiltration	Hemofiltration	Total
	(CVVHDF initial)	(CVVH initial)	N=155
	N=78	N=77	

Table 2 . Machine settings and characteristics of patients at H12.
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	CVVHDF session 1	CVVH session 1
	N=77	N=77

Table 3 . Primary and Secondary Outcomes

 3 

		Number CVVHDF group CVVH group	P value
	PRIMARY ENDPOINTS				
	BUNRR H 12 (average), %	182	34.51 [31.22 -	31.37 [28.07 -	0.16
	[95% IC]		37.80]	34.67]	
	BUNRR H 12 (average), %	127	39.98 [36.89 -	34.11 [30.94 -	0.01
	[95% IC] (First sessions		43.07]	37.28]	
	only)				
	SECONDARY				
	ENDPOINTS				
	Death, n (%)	155	42 (54)	42 (55)	0,93
	BUNRR H 24 (average), % 97	57.21 [52.56 -	49.11 [44.22 -	0.02
			61.86]	54.01]	
	BUNRR H 72 (average), % 106	57.66 [50.69 -	48.76 [41.66 -	0.08
			64.63]	55.86]	
	Blood urea clearance H 12	68	29.2	52.98	0.001
	(average), mL/min				
	Blood urea clearance H24	56	51.62	84.31	0.004
	(average), mL/min				
	Blood urea clearance H72	60	91.53	204.45	0.001
	(average), mL/min				
	Number of sessions with	153	10 (13)	15 (19)	0.29
	duration < 12h, n (%)				
	Number of sessions with	153	22 (29)	23 (30)	0.90
	technical failure by filter				
	clotting, n (%)				
	H72: Number of sessions	153	20 (26)	22 (29)	0.75
	ending for life duration filter				
	achieved, n (%)				
	Effective Period in hours	97	11.9	11.9	0.81
	(median)				
	Hemodynamic Tolerance				
	H12				

Blood urea clearance was calculated by the following formula: (Effluent Volume*Effluent Urea concentration)/(Blood urea concentration). Figure 2.

Comparison of blood urea nitrogen reduction ratio over the study period between CVVH and CVVHDF groups.

  

	Fig 3. Comparison of number of technical fails by circuit loss over the study
	period (72 hours of therapy duration)

CVVHDF: continuous veno-venous hemodiafiltration (30 ml/Kg/h effluent rate, divided in 15 mL/Kg/h dialysis rate (diffusive therapy) and 15 mL/Kg/h hemofiltration rate (convective therapy). CVVH: continuous veno-venous hemofiltration (30 ml/Kg/h effluent rate, which correspond to 30 mL/Kg/h hemofiltration rate (convective therapy).

CVVHDF: continuous veno-venous hemodiafiltration (30 ml/Kg/h effluent rate, which correspond to 15 mL/Kg/h dialysis rate (diffusive therapy) plus 15 mL/Kg/h hemofiltration rate (convective therapy). CVVH: continuous veno-venous hemofiltration (30 ml/Kg/h effluent rate, which correspond to 30 mL/Kg/h hemofiltration rate).

CONCLUSION

The present results indicates that convective therapy associated with diffusive therapy (CCVHDF) allows a better metabolic control than convective therapy alone, at same effluent rate, without any difference in side effects. The current study did not show a difference for life duration filter.