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Texte introductif

L’insuffisance rénale aigue (IRA) demeure une cause majeure de décés en réanimation
(environ 50% a lan). Si elle peut étre résolutive aprés remplissage vasculaire,
introduction de vasopresseurs, et traitement de la cause, le recours a I'épuration extra-
rénale (EER) reste nécessaire dans 5 a 10% des cas, quelque soit le stade KDIGO,
voire dans 60% des cas pour les patients KDIGO 3. L’EER continue est la plus
communément employée, du fait d'une meilleure tolérance hémodynamique par rapport
a ’'hémodialyse intermittente. Les principales techniques utilisées sont :

- ’hémofiltration continue veino-veineuse (CVVH), par convection

- ’'hémodialyse continue veino-veineuse (CVVD), par diffusion

- ’'hémodiafiltration continue veino-veineuse (CVVHDF), utilisant de fagon concomitante
la convection et la diffusion.

Parmi celles-ci, CVVH et CVVHDF sont les plus utilisées en Europe. Les indications
respectives de la diffusion vs la convection demeurent incertaines. Malgré un intérét
théorique de la méthode convective sur la clairance des molécules de I'inflammation
dont les cytokines, aucune étude n’a pu clairement le démontrer depuis ces 15
dernieres années. En revanche, la méthode diffusive permettrait un meilleur contréle
métabolique par clairance des petites molécules (urée, créatinine, potassium...).
L’association des deux techniques semble, en théorie, idéale. Cependant, la
comparaison entre CVVH et CVVHDF a été peu étudiée. Le choix de I'une ou l'autre de
ces techniques demeure le plus souvent arbitraire.

L’efficacité entre ces 2 techniques peut étre comparée au niveau métabolique par des
indices simples comme le taux de réduction de I'urée. L’objectif principal de cette étude
sera de comparer le taux de réduction de I'urée aprés 12 heures d’EER (CVVH ou
CVVHDF), chez des patients de réanimation présentant une IRA. Le but est de montrer
une supériorité de CVVHDF vs CVVH dans la réduction du taux d’'urée aprés 12h
d’EER. Afin d’éviter tout biais de confusion, le traitement est standardisé entre les 2
groupes, avec notamment une hémofiltration a 30mL/kg/h dans le groupe CVVH versus
15mL/kg/h de dialyse et 15mL/kg/h d’hémocofiltration dans le groupe CVVHDF.

Les objectifs secondaires sont : le taux de réduction de l'urée a 24h et a la fin de la
session ; la durée des séances, la durée effective, durée de vie du filtre ; la stabilité

hémodynamique ; les troubles électrolytiques ; la mortalité.
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Commentaire :

Il s’agit d’'une étude prospective, monocentrique, randomisée, en ouvert, en cross over.
Les patients sont assignés pour la premiere séance, soit dans le groupe CVVHDF, soit
dans le groupe CVVH. llIs regoivent la technique d’EER opposée lors de la deuxiéme
séance.

Pour étre inclus, les patients doivent présenter une IRA RIFLE F.

Le but est de comparer le nombre de séances dans chaque groupe parvenant a un taux
de réduction de 'urée > 60% (analyse en ITT).

Du 20/04/2012 au 17/02/2015, 155 patients ont été inclus. Concernant les
caractéristiques cliniques, 'age médian est de 70ans. La plupart sont en surpoids,
diabétique, hypertendus. lls présentent majoritairement un choc septique (SAPS Il 47,
SOFA 11). Le cathéter de dialyse est implanté en fémoral dans plus de 50% des cas.
78 patients sont randomisés dans le groupe CVVHDF et 77 dans le groupe CVVH.
Finalement 182 séances sont analysées en ITT. Le seuil de 60% du Critere de
jugement principal n’est atteint que dans seulement 2 séances. C’est pourquoi,
I'analyse est réalisée sur la valeur du taux de réduction de I'urée (modéle linéaire). Il n’y
a pas de différence significative entre CVVHDF et CVVH sur le taux de réduction de
'urée (34,51 vs 31,37% respectivement, p=0,16).

En comparant le taux de réduction de I'urée seulement entre les premiéres 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 a H24 et jusqu’a la fin de la
séance.

Il N’y a pas de différences significatives concernant les autres criteres de jugements
secondaires, notamment sur la durée de vie du filtre.

Il s’agit de la premiére étude comparant CVVH et CVVHDF avec des doses de dialyse
eéquivalentes, qui retrouve une différence significative sur un critere métabolique, en
faveur de CVVHDF. Il n’existe pas de recommandations sur le choix de la technique de
dialyse, mais les avantages théoriques de I'association de méthodes diffusive et
convective sont nombreux : meilleur contréle 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 étre envisagés dans 'avenir.
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1. 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 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? classification stage) to 60 % for KDIGO stage 3 patients*®.
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’. 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)&'2. 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® 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
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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.

2. MATERIAL AND METHODS

2.1 Ethics

This study has been approved by the local ethic committee CPP Sud Mediterranée IIl (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.

2.2 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
Nimes, France. One of the intensive-care units was medical, and the other one was

surgical.

2.3 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?, 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 30um, inner diameter of 200um 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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2.4 Inclusion criteria

The inclusion criteria were: Acute Kidney Injury (AKI) defined as stage F of the RIFLE
score'4, 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.

2.5 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.

2.6 Recorded parameters
The recorded parameters were:

- Clinical: chronic heart failure, chronic renal disease, chronic liver failure,
diagnostic, temperature, Mac Cabe score'®, 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 (HO), at H12, H24, and at the end of each

session.

2.7 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%% at H12, for each session. The BUNRR formula was: (initial urea ratio

— urea ratio at 12h)/(initial urea ratio).
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2.8 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.

3. 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
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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.

4. 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.

4.1 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 Il score® was 47 in the
two groups. The median of the SOFA score!”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.

4.2 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.

4.3 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
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and 4% in CVVHF), acute kidney injury (38% in CVVHDF and 31% in CVVHF), severe
metabolic disorders (4% in CVVHDF and 3% in CVVHF).

4.4 Indications of Renal Replacement Therapy

The Renal Replacement Therapy indication was mainly stage F of RIFLE classification!?.
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).

4.5 Biological analysis at HO

The median of serum creatinine was superior to 200pumol/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.

4.6 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.

4.7 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
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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.

4.8 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.

4.9 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).
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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).
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Figure 1. Study flow chart. RRT: Renal Replacement Therapy / CVVH: Continuous

veno-venous hemofiltration / CVVHDF: continuous veno-venous hemodiafiltration.
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Table 1. Patients’ characteristics at inclusion.

Hemodiafiltration Hemofiltration Total
(CVVHDF initial) (CVVH initial) N=155
N=78 N=77
Age (years) 69 [23 ;86] 71 [31 ;88] 70
Sex (Male) 51 (65%) 57 (74%) 108
(70%)
Weight (kg) 79 [70 ;96] 84 [70 ;95] 80
Size (cm) 170,5 [145 ;188] 168 [145 ;190] 170
Body Mass Index (kg/m?) 27,7 [17,8 ;59,4] 27,3 [15,8 ;52,2] 27,6
Admission
Medical 46 (59%) 43 (56%) 89 (57%)
Planned surgery 3 (4%) 4 (5%) 7 (5%)
Emergent Surgery 29 (37%) 30 (39%) 59 (38%)
Past Medical History
Chronic liver failure 3 (4%) 2 (3%) 5(3%)
(Prothrombin Time <50%)
NYHA class Il or IV1® 5 (6%) 8 (10%) 13 (8%)
Chronic renal failure 18 (23%) 8 (10%) 26 (17%)
High Blood Pressure 43 (55%) 39 (51%) 82 (53%)
Diabetes 21 (27%) 19 (25%) 40 (26%)
Others 65 (83%) 56 (73%) 121
(78%)
Reasons for ICU Admission
Infection 46 (59%) 45 (58%) 91 (59%)
ARDS or Acute Lung Injury 5 (6%) 7 (9%) 12 (8%)
Severe Neurologic disease 1 (1%) 2 (3%) 3 (2%)
Acute Pancreatitis 6 (8%) 1 (1%) 7 (5%)
Major Bleeding 3 (4%) 4 (5%) 7 (5%)
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Acute failure of chronic organ 4 (5%) 3 (4%) 7 (5%)
disease
Acute Kidney Injury 30 (38%) 24 (31%) 54 (35%)
Severe metabolic disorders 3 (4%) 2 (3%) 5 (3%)
Others 32 (41%) 34 (44%) 66 (43%)
RRT Indications
Stage F of RIFLE 72 (92%) 75 (97%) 147
classification*4 (95%)
Metabolic acidosis 18 (23%) 24 (31%) 42 (27%)
Fluid overload 7 (9%) 6 (8%) 13 (8%)
Nephrotoxicity 4 (5%) 5 (6%) 9 (6%)
Shock 75 (96%) 73 (96%) 148
(95%)
-Septic 58 (77%) 60 (82%) 118
(80%)
-Cardiogenic 9 (12%) 6 (8%) 15 (10%)
-Hypovolemic 8 (11%) 7 (10%) 15 (10%)
Mac Cabe score 06 48 (62%) 52 (68%) 100
(65%)
SAPS Il scorel’ 57 [32 ;101] 57 [24 ;114] 57
[24 :114]
SOFA score!8 11 [3;17] 11 [2 ;21] 11 [2 ;21]
RRT venous catheter
insertion site
Right femoral 38 (50%) 36 (47%)
Left femoral 26 (34%) 35 (46%)
Right subclavian 0 1 (1%)
Left subclavian 2 (3%) 1 (1%)
Right internal jugular 9 (12%) 3 (4%)
Left internal jugular 1 (1%) 0

Temperature (°C)

37,1[36 ; 37.5]

37[36.2 ; 37.4]
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Urine output (mL)

145 [48 ; 505]

200 [40 ; 472.5]

(ng/kg/min)

Heart Rate (beats per minute) 99 [84 ; 108] 97 [78 ; 112]
Mean Arterial Pressure (mmHg) | 75 [67 ;80] 73 [63 ;87]
Patients receiving 60 (79%) 66 (86%)
norepinephrine n (%)

Serum Norepinephrine 0,9[0.5; 1.6] 0,8[0.4;1.5]

Serum creatinine (umol/L)

262 [200.5 ; 372]

253 [189 ; 349]

Serum BUN concentration 42,5 [26.3 ; 65.7] 36,5[21.6;
(mmol/L) 57.4]

Serum Phosphate (mmol/L) 19[1.4; 2.5] 1.8[1.2;2.2]
Serum Calcium (mmol/L) 1.8[1.7;1.9] 1.8[1.7; 2]
Serum Magnesium (mmol/L) 0.9[0.7; 1] 0.9[0.7; 1]
Serum Potassium (mmol/L) 4.4[3.8;5.4] 4.3[3.8; 5]

Serum Bicarbonate (mmol/L)

16.6 [13.8 ; 20]

17 [13.7 ; 20.5]

Blood arterial Lactate (mmol/L)

2.5[1.4;5.4]

2.9[15;5.8]

Blood pH

7.3[7.2;7.4]

7.3[7.2;7.4]

Values are expressed in Median and [interquartile]; NYHA: New York Heart Association

; ARDS: Acute Respiratory Distress Syndrome ; RRT: Renal Replacement Therapy ;

RIFLE: Risk, Injury, Failure, Loss of kidney function, and End-stage kidney disease ; AKI:

Acute Kidney Injury ; SAPS : Simplified Acute Physiology Score ; SOFA: Sepsis-related

Organ Failure Assessment ; BUN: Blood urea nitrogen
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Table 2. Machine settings and characteristics of patients at H12.

CVVHDF session 1
N=77

CVVH session 1
N=77

Machine settings

Catheter “arterial” pressure 29 [15 ; 50] 44 [26.5 ; 70]
(mmHg)

Catheter “venous” pressure 90 [80; 116] 101.5[83; 119.5]
(mmHg)

Transmembrane Pressure (mmHg) | 39 [26 ; 56] 64.5 [47.5; 76]

Blood Pump flow (ml/min) 200 [180 ; 200] 220 [200 ; 250]

Filtration Ratio (%) 11[9; 13] 17 [16 ; 20]

Fluid Loss (ml)

350 [125 ; 645]

345 [65 ; 670]

Total post dilution volume (L)

15.5[12.5 ; 19.3]

28.1[21.5; 33.4]

Effective treatment duration
(Hours)

11.9[11.6 ; 12]

11.9[11.2; 12]

Session duration (Hours)

35.1[17.3 ; 66,8]

33.5[14.6 ; 70]

Patients’ characteristics

Weight (kg)

80 [72; 94]

78.5[69.5 ; 91]

Temperature (°C)

36.5[36.2 ; 36.9]

36.9[36.2 ; 37.2]

Urine Output (mL)

150 [45 ; 635]

125 [65 ; 550]

Heart Rate (beats per minute)

90.5[79.5 ; 103.5]

90.5 [74.5 ; 108]

Mean Arterial Pressure (mmHQ) 80 [73 ; 85] 80 [72; 87]
Norepinephrine use, n (%) 54 (82%) 51 (82%)
Norepinephrine dose (ug/kg/min) 0,8[0.4;1.5] 0,6[0.2;1.7]
Fluid Resuscitation use, n (%) 36 (55%) 29 (47%)

Values are expressed in Median and [interquartile]
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Table 3. Primary and Secondary Outcomes

(median)

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[562.56 — |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

Hemodynamic Tolerance
H12
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H12: Number of patients 128 54 (82) 51 (82) 0.95
requiring norepinephrine, n
(%).

H12: Number of patients 128 36 (55) 29 (47) 0.38
requiring fluid

resuscitation, n (%).

H24: Number of patients 98 38 (73) 36 (78) 0.55
requiring norepinephrine, n

(%).

H24: Number of patients 98 14 (27) 12 (26) 0.93

requiring fluid

resuscitation, n (%)

H72: Number of patients 152 53 (71) 53 (69) 0.81
requiring norepinephrine, n

(%)

H72: Number of patients 152 25 (33) 32 (42) 0.29

requiring fluid

resuscitation, n (%)

Fluid and electrolyte

imbalance

H12: Serum potassium 127 4.5 4.4 0.93
(Median), mmol/L

H12: Serum phosphate 124 1.64 1.42 0.04
(Median), mmol/L

H12: Serum total proteins | 117 49 48 0.52
(Median), g/L

H12: Serum Magnesium 123 0.85 0.82 0.77
(Median), mmol/L

H12: Serum Calcium 97 1.86 1.83 0.69
(Median), mmol/L

H12: Weight (Median), kg | 79 80 78.5 0.45

BUNRR: Blood urea nitrogen Reduction Ratio.
Blood urea clearance was calculated by the following formula: (Effluent Volume*Effluent

Urea concentration)/(Blood urea concentration).
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Figure 2. Comparison of blood urea nitrogen reduction ratio over the study period
between CVVH and CVVHDF groups.
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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 hemcofiltration rate (convective therapy).
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Fig 3. Comparison of number of technical fails by circuit loss over the study
period (72 hours of therapy duration)
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CVVHDEF: 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).
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5. DISCUSSION

5.1 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).

5.2 Relation with previous literature

In ICU patients with AKI, CRRT is more used than IHD because of a better hemodynamic
tolerance3. 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®?°. The two main CRRT techniques are CVVH used in ICU and
CVVHDF, with a slight predominance of CVVH use??3. 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?* or sepsis-like syndrome?®, 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?6?’, 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?8. 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)?°. 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
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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)?°. In 2014, a retrospective
study compared 94 ICU patients with AKI treated with CVVH versus 59 treated by
CVVHDF. 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®°. 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 observed3!. 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 CVVHDF3,
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®2. 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)*2. 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
CVVHDEF group vs 17% in CVVH group).

5.3 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*?, If future studies confirm the superiority of CVVHD over
CVVHDF, CVVHD could become the first-line CRRT technique for ICU patients.

5.4 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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6. 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.
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8. APPENDICE

Annexe 1.

Table 2| Staging of AKI

Stage Serum creatinine Urine output
1 1.5-1.9 times baseline <0.5 mifkg/h for
OR 6-12 hours
=03 mg/dl (>26.5 pmol/l) increase
2 2.0-2.9 times baseline <0.5 mi/kg/h for
=12 hours
3 3.0 times baseline <0.3 ml/kg/h for
OR =24 hours
Increase in serum creatinine to OR
=40mg/dl (=353.6 pmol/l) Anuria for =12 hours
OR

Initlation of renal replacement therapy
OR, In patients <18 years, decrease in
eGFR to <35ml/min per 1.73 m?

KDIGO AKI guidelines KI (suppl). 2012

Annexe 2.

Risk, Injury, Failure, Loss, and End-stage Kidney (RIFLE) classification

Class Glomerular filtration rate criteria Urine output criteria

Risk Serum creatinine x 1.5 < 0.5 ml/kg/hour x 6 hours

Injury Serum creatinine x 2 < 0.5 ml/kg/hour % 12 hours

Failure Serum creatinine % 3, or serum creatinine > 4 mg/dl with < 0.3 ml/kg/hour % 24 hours, or
an acute rise > 0.5 mg/dl anuria * 12 hours

Loss Persistent acute renal failure = complete loss of kidney function > 4 weeks

End-stage kidney End-stage kidney disease > 3 months

disease
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Annexe 3.

SAPS II
Age (years)

Heart rate (bpm)

Systolic blood pressure (mmHg)
Body temperature (°C)

Only if on mechanical ventilation:
P30, (mmHg/FiO,)

Urinary output (L/day)

Blood urea nitrogen (mmol/l)
White blood cells (/mm?)
Potassium (mmol/L)

Sodium (mmol/L)

Bicarbonate (mmol/L)

Bilirubin (umol/L)

Glasgow Coma Scale

SAPS Il

Chronic disease

Type of admission

0 points
<40

70-119

100-199

<39

<10

1-199

3-49

125-144

<684

14-15

0 points

Scheduled surgical

Abnormal value points

50-59

7 points
40-69

2 points
2200

2 points
239

3 points
2200

6 points
05-09
4 points
10-299
6 points
220

3 points
<3or25
3 points
2145

1 points
15-19

3 points
684-1025
4 points
11-13

5 points

Abnormal value
points
Metastatic cancer

9 points
Medical

6 points

60-69

12 points
120-159

4 points

70-99

5 points

100-199

9 points

<05

11 points
230

10 points
<10

12 points

<125

5 points
<15

6 points
21026
9 points
9-10

7 points

Haematological
malignancy

10 points

Unscheduled
surgical

8 points

70-74

15 points
2160

7 points
<70

13 points

<100
11 points

6-8
13 points

75-70

16 points
<40

11 points

<6
26 points

AIDS

17 points

280
18 points

52



Annexe 4.

Sequential Organ Failure Assessment score

Score
Organ system 0 1 2 3 4
Respiratory
Pa0,/F0, >400 mm Hg <400 mm Hg <300 mm Hg <200 mm Hg <100 mm Hg
(53.3 kPa) (53.3 kPa) (40 kPa) (26.7 kPa) with (13.3 kPa) with
respiratory support respiratory support
Coagulation
Platelets >150 x 10% Ll <150 <100 <50 <20
Hepatic
Bilirubin <1.2 mg/dL 1.2—1.9 mg/dL 2.0—5.9 mg/dL 6.0—11.9 mg/dL >12 mg/dL
(20 pmol/L) (20—32 umollL) (33—101 umol/L) (102—204 pmol/L) (204 pmol/L)
Cardiovascular
MAP >70 mm Hg <70 Dopamine <5 ug/kg  Dopamine 5.1—15 Dopamine >15 or
per minute or any pa/kg per minute or epinephrine >0.1 or
dose of dobutamine epinephrine <0.1 norepinephrine >0.1
1a/kg per minute or
norepinephrine <0.1
pa/kg per minute
Central nervous system: 15 13—-14 10-12 6—9 <6

Glasgow Coma Scale

score

Renal

Serum creatinine
<1.2 mg/dL
(110 umol/L)

Serum creatinine
1.2—1.9 mg/dL
(110—170 pmol/l)

Serum creatinine
2.0—3.4 mg/dL
(171—299 pmol/L)

Serum creatinine
3.56—4.9 mg/dL
(300—440 pmol/L)
or urine output
<500 mL/d

Serum creatinine
>5.0 mg/dL
(440 umol/L) or
urine output
< 200 m/d

F,0,, fraction of inspired oxygen; MAP, mean arterial pressure; Pa0s, partial pressure of oxygen.
Reproduced, with permission, from Vincent et al. 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. Intensive Care Med 1996;22:707-10.
Society for Maternal-Fetal Medicine. Sepsis during pregnancy and the puerperium. Am ] Obstet Gynecol 2019.

Annexe 5.

McCabe score

Non-fatal

Ultimately fatal, disease estimated to become fatal within 5

years

Rapidly fatal, estimated to be fatal within 1 year
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9. SERMENT D’HIPPOCRATE

SERMENT

» En présence des Maitres de cette école, de mes chers
condisciples et devant l'effigie d’'Hippocrate, je promets
et je jure, au nom de I'Etre supréme, d’étre fidele aux lois
de I'honneur et de la probité dans l'exercice de la
médecine.

» Je donnerai mes soins gratuits a I'indigent et n’exigerai
jamais un salaire au-dessus de mon travail.

» Admise dans lintérieur des maisons, mes yeux ne
verront pas ce qui s’y passe, ma langue taira les secrets
qui me seront confiés, et mon état ne servira pas a
corrompre les moeurs, ni a favoriser le crime.

» Respectueuse et reconnaissante envers mes Maitres, je
rendrai a leurs enfants I'instruction que j'ai recue de leurs
peres.

» Que les hommes m’accordent leur estime si je suis fidéle
a mes promesses. Que je sois couverte d’opprobre et
meéprisée de mes confreres si j'y manque.
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RESUME

Titre : Comparaison d’efficacité entre ’'hnémofiltration continue veino-veineuse (CVVH) et
I’'hémodiafiltration continue veino-veineuse (CVVHDF) chez les patients de réanimation
présentant une insuffisance rénale aigue : une étude comparative randomisée en cross-
over

Introduction : L’insuffisance rénale aigue demeure une cause majeure de mortalité dans
les services de réanimation. Le recours a I'épuration extra-rénale a lieu dans 5 a 10%
des cas. L’épuration extra-rénale continue est la plus communément utilisée, notamment
la voie convective (hémofiltration) pour sa capacité théorique a éliminer les molécules de
linflammation. La méthode diffusive (hémodialyse) permettrait un meilleur contréle
métaboliqgue. Cependant, le choix de chaque technique est le plus souvent arbitraire.
L’association des méthodes de convection et de diffusion (hémodiafiltration) pourrait en
théorie permettre une clairance plus rapide des petites molécules. Mais I'efficacité de ces
techniques a été tres peu étudiée.

Matériel et méthodes : Il s’agit d’'une étude monocentrique randomisée, controlée, en
cross over. L’objectif principal est de montrer un meilleur taux de réduction de l'urée dans
le groupe CVVHDF par rapport au groupe CVVH aprés 12 heures d’épuration. Les
objectifs secondaires sont le taux de réduction de I'urée a 24heures, la clairance de l'urée,
la durée des séances, les temps d’arrét des séances, la stabilité hémodynamique, les
troubles électrolytiques et la mortalité en réanimation. Chaque patient est assigné a 'un
des deux groupes pour la premiére session, puis a l'autre groupe pour la deuxiéme
session.

Résultats : Du 20/04/2012 to 17/02/2015, 155 patients ont été inclus. IIs présentent
principalement une insuffisance rénale aigue au stade F de la classification de RIFLE.
Pour la premiéere session, 78 patients ont été inclus dans le groupe CVVHDF, et 77
dans le groupe CVVH. Pour la deuxieme session, 28 patients (parmi les 78) ont
bénéficié de la technique opposée a la premiére, c’est-a-dire CVVH, et 29 patients
(parmi les 77) ont également eu la technique opposée, c’est-a-dire CVVHDF. Il n’y avait
pas de différence significative sur le taux de réduction de l'urée entre les 2 techniques.
Cependant, en comparant seulement les premiéres sessions, la moyenne du taux de
réduction de I'urée a H12, était significativement plus importante dans le groupe
CVVHDF que dans le groupe CVVH (39,98% vs 34,11% p=0,01). Concernant les
objectifs secondaires, il n’y avait pas de différence significative.

Conclusion : Cette étude semble montrer un meilleur contréle de I'urée dans le groupe
CVVHDF par rapport au groupe CVVH.

Mots-clés : Insuffisance rénale aigue, Epuration extra-rénale, hémodiafiltration,
CVVHDF, hémofiltration, CVVH, Taux de réduction de l'urée.
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