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Abstract

Purpose: The best renal replacement therapy (RRT) modality remains controversial. We compared mortality and
short- and long-term renal recovery between patients treated with continuous RRT and intermittent hemodialysis.

Methods: Patients of the prospective observational multicenter cohort database OUTCOMEREA™ were included if
they underwent at least one RRT session between 2004 and 2014. Differences in patients'baseline and daily charac-
teristics between treatment groups were taken into account by using a marginal structural Cox model, allowing one
to substantially reduce the bias resulting from confounding factors in observational longitudinal data analysis. The
composite primary endpoint was 30-day mortality and dialysis dependency.

Results: Among 1360 included patients with RRT, 544 (40.0 %) and 816 (60.0 %) were initially treated by continuous
RRT and intermittent hemodialysis, respectively. At day 30, 39.6 % patients were dead. Among survivors, 23.8 % still

required RRT. There was no difference between groups for the primary endpoint in global population (HR 1.00, 95 %
Cl10.77-1.29; p = 0.97). In patients with higher weight gain at RRT initiation, mortality and dialysis dependency were
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Take-home message: Optimal renal replacement therapy (RRT)
technique in the ICU remains controversial, in patients with shock or fluid
overload. Cohort studies suggested increased risk of persistent acute
kidney injury or dialysis dependency with intermittent hemodialysis. In a
MSM Cox model in a cohort of 1360 patients adjusted on daily patients’
characteristics, we found that RRT modality did not influenced neither 30-
day mortality nor renal outcome. In subgroups, continuous RRT benefits
patients with hemodynamic instability and is deleterious in patients with
hemodynamic instability.

This article was presented at the 2016 congress of the French-Language
Society of Intensive Care.

The members of the OUTCOMEREA Study Group are listed at the end of
this article and in the electronic supplementary material (file ESM 2).
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significantly lower with continuous RRT (HR 0.54, 95 % CI 0.29-0.99; p = 0.05). Conversely, this technique appeared
to be deleterious in patients without shock (HR 2.24, 95 % Cl 1.24-4.04; p = 0.01). Six-month mortality and persistent
renal dysfunction were not influenced by the RRT modality in patients with dialysis dependence at ICU discharge.

Conclusion: Continuous RRT did not appear to improve 30-day and 6-month patient outcomes. It seems beneficial
for patients with fluid overload, but might be deleterious in the absence of hemodynamic failure.

Keywords: Renal replacement therapy, Acute kidney injury, Intensive care unit, Marginal structural model

Introduction
Acute kidney injury (AKI) occurs in one intensive care unit
(ICU) patient out of three, of whom 20 % will require renal
replacement therapy (RRT) [1]. AKI is associated with a
mortality excess which increases dramatically with its sever-
ity [2]. Moreover, patients requiring RRT in ICUs present a
substantial risk of end-stage kidney disease [3]. Improving
the outcome for these patients is an ongoing challenge.
Optimal initial RRT modality remains debated. Con-
tinuous renal replacement therapy (CRRT) has long been
preferred to intermittent hemodialysis (IHD), because
this technique was expected to be associated with an
improved hemodynamic tolerance. However, CRRT is less
efficient for hydroelectrolytic correction, requires regional
or systemic anticoagulation, and is more expensive.
Recent results of both randomized trials and meta-
analyses comparing these techniques have failed to
demonstrate superiority of CRRT in terms of mortality
or hemodynamic stability [4—8]. However, the conclu-
sions of these studies are limited by several shortcomings
which need to be taken into account. Among these, the
insufficient statistical power of several of the aforemen-
tioned studies, the restricted studied population which
limits external applicability of the results, including the
exclusion of hemodynamically unstable patients in some
studies [7, 9], the variability of hemodynamic instability
definition [5], the absence of standardization of RRT ini-
tiation criteria [6, 10], or the lack of information regard-
ing dialysis dose [7] deserve to be mentioned.
Additionally, concerns regarding a higher rate of dialysis
dependency after AKI in patients treated with IHD have
been underlined by several studies. In a recent meta-anal-
ysis [11], a propensity-matched analysis showed a higher
rate of dialysis dependence among survivors after IHD
(RR 1.99, 95 % CI 1.53-2.59) conversely to CRRT (HR
0.75, 95 % CI 0.65-0.87) [12]. As consequences of these
uncertainties, the recent Kidney Disease—Improving
Global Outcomes (KDIGO) guidelines recommend CRRT
in patients with hemodynamic instability, while underlin-
ing the need for additional studies and the complementa-
rities of these technique in other groups of patients [13].
As regards to the high mortality among AKI patients
requiring RRT and the difficulty to reach a sufficient
number of patients, performing a randomized controlled

trial (RCT) to assess the influence of initial RRT modal-
ity on renal outcome is believed to be both difficult and
inefficient. In this situation, the use of observational
longitudinal data is a possible alternative [14]. Marginal
structural models (MSM) were recently developed for
such data to take into account time-dependent con-
founders impacting both the choice of treatment and the
outcome. Hence, they are able to substantially decrease
biases resulting from such confounders in observational
longitudinal data analysis [15].

The aim of our study was to compare the influence of
RRT modality in terms of mortality and short- and long-
term renal recovery in a high-quality multicenter pro-
spective cohort.

Methods

Study population

The OUTCOMEREA"™ cohort has already been exten-
sively described elsewhere [16]. In this observational pro-
spective multicenter cohort, patients over 16 years of age
admitted in French ICUs were randomly included. Their
clinical and biologic data were registered in the data-
base each day of their ICU stay. This database has been
approved by the French Advisory Committee for Data
Processing in Health Research (CCTIRS) and the French
Informatics and Liberty Commission (CNIL). The study
was approved by the ethics committee of Clermont-Fer-
rand, France.

With regards to the RRT evaluation, patients from
19 centers of the French OUTCOMEREA™ cohort
were included if they underwent RRT during their
hospitalization.

To ensure homogeneity in RRT procedures, the study
period was limited to 1 January 2004 to 1 September
2014. The day of RRT initiation was taken as the study
inclusion day for a patient (details concerning RRT
modalities are provided in Online Resource 1).

Exclusion criteria were decision to forgo life-sustaining
therapies in the first 24 h of ICU admission, past history
of kidney transplantation, preexisting chronic kidney
disease requiring RRT (whether peritoneal dialysis or
hemodialysis), specific IHD indications (i.e., biguanide
intoxication or hyperkalemia over 8 mmol/l [17, 18]),
and formal IHD contraindication (i.e., brain injury [19]).
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Outcomes

The main outcome was a composite criterion composed
of mortality or dialysis dependency 30 days after the
beginning of RRT.

The secondary outcome was the 30-day mortality com-
paratively between the two groups.

To identify a potential category of patients who could
benefit more specifically from one of these techniques, the
following subgroup analyses were planned in the experi-
mental design: (1) chronic renal or heart disease; (2) liver
cirrhosis; (3) diabetes; (4) hypertension; (5) age subgroups;
(6) hemodynamic status at RRT initiation defined accord-
ing to SOFA hemodynamic component (strictly inferior to
3, and equal or above 3); (7) invasive mechanical ventilation
at RRT initiation; (8) early insufficient dialysis intensity, as
defined as a first RRT session resulting in a predialysis urea
over 25 mmol/L before the next session [20]; and (9) extent
of daily weight gain between ICU admission and inclusion
defined as the upper quartile of the study population.

Finally, the 6-month prognosis of patients alive and still
requiring RRT at ICU discharge was compared between
the two modalities with a composite criterion: mortality
and persistent renal dysfunction (definitions are provided
in Online Resource 2).

Statistical analysis

Quantitative variables are presented as median and inter-
quartile range and compared between groups with the
Wilcoxon test. Qualitative variables are presented as
frequency and corresponding percentage and compared
with the Chi square test. Both variables identified in the
literature as confounding factors and variables associated
with RRT techniques selected by the univariate analysis
(p value threshold = 0.2) were used for calculating the
predicted probability of receiving CRRT or IHD for each
time period (data collection and management details are
provided in Online Resource 2).

Marginal structural models

These models use inverse probability of treatment
weighting (IPTW) estimators to create a pseudo-popula-
tion where the treatment is independent of baseline and
time-dependent confounding factors introduced into the
weights. MSM allow an estimation which is asymptoti-
cally unbiased of longitudinal treatment effect. The link
between treatment and primary outcome can be deter-
mined in the pseudo-population. Provided that all model
assumptions are satisfied, the link can be considered as
causal and extrapolated to the first population [15, 21].
To note, patients discontinuing RRT were considered as
staying under the last RRT modality they received (see
Online Resource 3 and Supplementary Figs. S1-4 for a
detailed methodology description).

Independently to the MSM analysis, 6 months after
ICU discharge, the prognosis of ICU survivors was
assessed via a weighted logistic regression. Treatment
groups were defined according to the most received
modality within the first 7 days after RRT initiation. A
unique IPTW estimator for each patient was estimated
as the inverse of probability of receiving CRRT given the
following patient characteristics: baseline characteristics
previously included in IPTW estimators, weight gain
between ICU admission and RRT initiation, length of
ICU stay, dialysis quality the first 7 days, occurrence of an
infection, an adverse event, a nephrotoxic drug adminis-
tration, mechanical invasive ventilation requirement, or
limiting therapeutic effort decision.

All statistical analyses were conducted with SAS 9.3
(SAS Institute Inc., Cary, NC, USA). Code was imple-
mented according to Hernan et al. [22].

Results

Baseline characteristics

Among 1913 patients treated by RRT, our final popula-
tion comprised 1360 patients (Fig. 1).

The initial RRT modality was CRRT in 544 patients
(40.0 %) and IHD in 816 patients (60.0 %). Main charac-
teristics of the population are presented in Table 1 and
Supplementary Table S1.

A total of 202 (14.9 %) patients were discharged alive
and lost to follow-up prior to day 30: 22 were transferred
to another ICU, 143 to another acute hospital ward, 11
were discharged home, and no destination data was avail-
able for 26. Characteristics of censored patients are avail-
able in Supplementary Table S2.

30-day mortality/dialysis dependency

Day-30 mortality was 39.6 % (539 patients) including
286 patients (35.0 %) in the IHD group and 253 patients
(46.5 %) in the CRRT group.

Dialysis dependency at day 30 was present among
23.8 % of surviving patients, including 24.9 % in the IHD
group and 21.8 % in the CRRT group. IPTW estimators
are provided in Supplementary Table S3 and Supplemen-
tary Fig. S3.

There was no significant difference for the primary end-
point (alive without RRT) between the two groups in the
global population (HR 1.00, 95 % CI 0.77-1.29; p = 0.97)
(Fig. 2; Supplementary Table S4). The main prognostic
factor appeared to be a life support limitation decision
(HR 12.44, 95 % CI 7.38-20.96).

Results were similar for subgroups of chronic kidney
or heart diseases, cirrhosis, diabetes, and hypertension.
Patients with higher weight gain (daily mean weight
gain greater than 2 kg between ICU admission and
inclusion) presented a significantly lower death rate and
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Initial cohort
18834 patients
4
Included population
1913 patients
Decision to limit life sustaining
therapies in the first 24 hours:
89 patients
Acute brain injury: 3 patients
Hyperkaliemia: 14 patients
Biguanide intoxication: 11
patients
Terminal chronic kidney
disease requiring dialysis or
transplantation:
436 patients
v
Final population
1360 patients
CRRT IHD
544 patients (40.0%) 816 patients (60.0%)
Switch from CRRT to IHD: Switch from IHD to CRRT: 134
131 patients (24.1%) patients (16.4%)
Censored patients: 69 (12. 7%) Censored patients: 122 (15.0%)
A y
30-day mortality: 46.5% 30-day mortality: 35.0%
30-day dialysis dependency3: 30-day dialysis dependency?:
21.8% 24.9%
ICU length of stay: 12 [4; 21] ICU length of stay: 9 [4: 19]
Fig. 1 Study flow chart. Details of OUTCOMEREA cohort patients included and renal replacement therapy groups. a Among survivors in the
absence of censure. IHD intermittent hemodialysis, CRRT continuous renal replacement therapy, ICU intensive care unit
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Table 1 Population baseline characteristics

Age (years)
Sex (male)
BMI
BMI < 25
25 < BMI <30
BMI> 30
McCabe score
>5 years
Between 1 and 5 years
<1 year
Liver cirrhosis
Chronic heart failure
Chronic kidney disease
Pulmonary insufficiency
Immunosuppression
Diabetes
No diabetes
Uncomplicated diabetes
Complicated diabetes
Type of admission
Medicine
Emergency surgery
Scheduled surgery
Center®
A
B
C
D
Other centers
Hemorrhagic shock
Cardiogenic shock
Septic shock
Initial SOFA score

Invasive mechanical ventilation

Delayed RRT initiation®

Urea >25 mmol/L at RRT initiation

65 (54-76)
876 (64.4)

576 (42.4)
437 (32.1)
347 (25.5)

787 (57.9)
458 (33.7)
115 (8.5)
139 (10.2)
235(17.3)
204 (15.0)
144 (10.6)
318 (234)

1033 (76.0)
196 (14.4)
131 (9.6)

1051 (77.3)
229(16.8)
80 (5.9)

313(23.0)
449 (33.0)
265 (19.5)
68 (5)
265 (19.5)
72 (5.3)
73 (5.4)
407 (29.9)
10 (7-13)
930 (68.38)
478 (35.1)
375 (27.6)

Time interval between ICU admission and first RRT session

Immediate

1-3 days

>3 days
30-day mortality

30-day dialysis dependency“®

515(37.7)
601 (44.2)

44.(17.9)
539(39.6)
238%

664 (54.8-76.1)
530 (65)

356 (43.6)
252 (30.9)
208 (25.5)

498 (61)
258 (31.6)
60 (7.4)
72 (88)
118 (14.5)
144 (17.6)
81(9.9)
165 (20.2)

609 (74.6)
125(15.3)
82(10.0)

657(80.5)
107 (13.1)
52 (6.4)

280 (34.3)
228 (27.9)
160 (19.6)
43 (5.3)

105 (12.9)
33 (4.0)

43 (53)

181 (22.2)
10 (7-13)
472 (57.8)
305 (37.4)
281 (34.4)

286 (35)
249 %

643 (52.4-743)
346 (63.6)

220 (404)
185 (34.0)
139 (25.6)

289 (53.1)
200 (36.8)
55(10.1)
67 (12.3)
117 (215)
60 (11.0)
63(11.6)
153 (28.1)

424.(779)
71(13.1)
49(9)

394 (724)
122 (22.4)
28 (5.1)

33(6.1)
221 (406)
105 (19.3)
25 (4.6)
160 (29.4)
39(7.2)
30(5.5)
226 (415)
12 (9-15)
458 (84.2)
73(31.8)
94 (17.3)

174 (32)
257 (47.2)
113(20.8)
253 (46.5)
218%

<0.01
0.61
0.54

0.01

0.04
<0.01
<0.01

033
<0.01

037

<0.01

<0.01

0.01
0.84
<0.01
<0.01
<0.01
0.03
<0.01
<0.01

<0.01

Qualitative variables are presented as frequency and corresponding percentage, quantitative variables as median with first and third quartiles (interquartile range)

Quantitative variables are expressed as median (25-75th percentile), and binary variables are expressed as n (%). At RRT initiation, 145 (10.7 %) of weights were
missing and 272 (20 %) patients had at least one of the values composing the SOFA score missing. Number of missing concerning McCabe score, type of admission,

and serum urea was less than 3 %

RRT renal replacement therapy, IHD intermittent hemodialysis, CRRT continuous renal replacement therapy, BMI body mass index, SOFA sequential organ failure

assessment, ICU intensive care unit

@ Centers were individualized if they included more than 50 patients in the study, and the remaining centers were gathered

b Defined with regards to injury stage
€ Among survivors in the absence of censure

d Before imputation. 29 missing outcomes were subsequently imputed
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dialysis dependency when CRRT was chosen as initial
modality (HR 0.54, 95 % CI 0.29-0.99; p = 0.05). Con-
versely, the use of CRRT as initial modality in patients
without hemodynamic instability was associated with a
higher mortality (HR 2. 24, 95 % CI 1.24—4.04; p = 0.01)
(Supplementary Table S5). The results of the final
model were robust (Supplementary Tables S6 and S7).

The 30-day mortality model did not show differences
between techniques for the global population (Supple-
mentary Table S8 and Fig. S5).

Six-month mortality/persistent renal dysfunction
A total of 295 patients were alive and required RRT at
ICU discharge. In this subgroup of patients, the 6-month

mortality was 18.6 % (16.4 % in the IHD group and 25.4 %
in the CRRT group). Among survivors, 126 (52.5 %)
patients had a persistent renal dysfunction: 108 (57.1 %)
in the IHD group and 18 (35.3 %) in the CRRT group.
When confounding factors were taken into account, no
significant difference was noted between the two treat-
ment groups (OR 0.70, 95 % CI 0.36—1.37; p = 0.29). The
weighted survival curve is presented in Fig. 3.

Discussion

In a high-quality large multicenter database using an
innovative statistical approach, we were not able to dem-
onstrate any benefit of RRT modality in terms of 30-day
mortality and dialysis dependency, even in patients with

Hazard ratio (95% CI)
Gilobal population (N=1360) —t 1.00 (0.77-1.29), p=0.97
Chronic heart disease (N=235) 1.16 (0.60-2.25), p=0.66
No chronic heart disease (N=1125) —_— 0.94 (0.71-1.25), p=0.69
Chronic kidney disease (N=204) 1.79 (0.77-4.18), p=0.18
No Chronic kidney disease (N=1156) L 0.97 (0.75-1.25), p=0.80
Liver cirrhosis (N=139) 0.86 (0.37-2.02), p=0.73
No liver cirrhosis (N=1221) —_— 1.09 (0.81-1.44), p=0.56
Diabetes (N=327) N E— 0.73 (0.41-1.29), p=0.28
No Diabetes (N=1033) —_— 1.01 (0.76-1.34), p=0.95
<54 years of age (N=356) _— 0.80 (0.46-1.38), p=0.41
>54 years of age (N=1004) —_—t 1.00 (0.74-1.35), p=0.99
Hypertension (N=348) _— 1.15 (0.66-2.03), p=0.62
No Hypertension (N=1012) — 0.94 (0.70-1.26), p=0.69
Cardiological SOFA >3 (N=850) —_— 0.99 (0.75-1.30), p=0.93
Cardiological SOFA <3 (N=510) 2.24 (1.24-4.04), p=0.01
IMV at RRT beginning (N=930) e 0.99 (0.75-1.30), p=0.93
No IMV at RRT beginning (N=430) 0.94 (0.45-1.99), p=0.88
Early insufficient epuration (N=170)? 0.92 (0.34-2.52), p=0.87
Early satisfying epuration (N=1190)2 — 0.89 (0.68-1.16), p=0.38
Daily mean weight gain >2kg (N=209)® 0.54 (0.29-0.99), p=0.05
T 1
0.5 1.0 2.0
«— _—
In favor of CRRT In favor of IHD
Fig. 2 30-day mortality and dialysis dependency according to renal replacement therapy technique received, in the global population and
subgroups analyses. a At first RRT session. b Between ICU entrance and inclusion. C/ confidence interval, IMV invasive mechanical ventilation, SOFA
sequential organ failure assessment, RRT renal replacement therapy, IHD intermittent hemodialysis, CRRT continuous renal replacement therapy
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hemodynamic instability. However, the initial use of
CRRT was associated with decreased 30-day mortality
and dialysis dependency among patients with fluid over-
load at RRT initiation. Interestingly, CRRT as initial RRT
modality was found to be detrimental in patients without
any hemodynamic instability. In this study, long-term
prognosis was not modified by initial RRT modality.
With regards to long-term prognosis, several studies
suggested a decreased risk of long-term dialysis depend-
ency when CRRT was used as initial modality [11, 23],
whereas in our study no improvement of prognosis
could be observed. However, this apparent discrepancy
may be explained by several factors. First of all, few data
exist regarding renal recovery ad integrum. In our study,
we aimed to assess long-term prognosis in the global
patient, i.e,, in terms of mortality and persistent renal
dysfunction, instead of limiting it to dialysis depend-
ency. Secondly, we considered the most frequently
received RRT modality in the first 7 days, rather than
the first treatment received, because of the frequent
change of technique in this context. Results usually dif-
fer between observational studies, which are in favor of
a long-term benefit of CRRT, and RCTs, which failed to
show a difference between techniques. This difference
may be explained by confounding factors and allocation
bias limiting observational studies [11]. In our study,
thanks to the IPT'W estimator, known factors associated
with RRT prescription and main prognostic factors were

o
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L o
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@
=
w
3
o
o
8 4
e T T T
0 50 100
time (days)

Time exposed patients
IRRT 225 208 195
CRRT 70 60 55

Fig. 3 Six-month mortality according to main type of renal replace-
ment therapy received during the first 7 days: survival curves are
weighted with patient IPTW estimators. Survival curve initial time is
ICU discharge. IHD intermittent hemodialysis, CRRT continuous renal
replacement therapy, ICU intensive care unit

taken into account, resulting in a decreased bias due to
confounders.

Whereas CRRT was supposed to be associated with
a higher hemodynamic stability [24, 25], this assump-
tion was not confirmed by recent randomized trials or
meta-analyses [5-7, 17]. Recent studies demonstrated
that adequate IHD prescription resulted in improved
hemodynamic tolerance. Thus, the simple implementa-
tion of guidelines for the management of IHD sessions
was proved to limit hemodynamic instability during ses-
sions [26] and translate into similar results of tolerance
between IHD and CRRT in randomized trials [6]. In
keeping with these findings, our study results demon-
strate that RRT modality has little influence on outcome,
even in patients with hemodynamic instability. Improve-
ments in terms of hemodynamic tolerance may reflect
either improvement of generators, of prescription modal-
ities, or of quality of care. Nevertheless, the advantage of
CRRT in terms of hemodynamic stability is hardly sup-
ported by recent evidence, at least in experienced centers.

Although hemodynamic instability in itself seems to
be a poor criterion of choice for initial modality, one of
the striking findings of our study is the influence of the
RRT modality when fluid balance is taken into account.
Although insufficiently studied, previous research sug-
gested that fluid control might be easier to achieve using
CRRT [25]. An increasing body of evidence suggests that
fluid overload is associated with both poor renal outcome
and survival [27, 28]. Beyond renal congestion, the kidney
being a capsulated organ, fluid overload may translate
into interstitial edema, increased intracapsular pressure,
ultimately leading to decreased renal perfusion and renal
function worsening [29, 30]. This seems to be also true at
the time of RRT initiation [31]. Being a potent modality
in optimizing fluid balance, CRRT in our study was inter-
estingly associated with improved 30-day mortality and
decreased dialysis dependency in patients with high daily
weight gain at the time of RRT initiation. Although fur-
ther studies in this field are needed to confirm our find-
ings, this may explain the influence of RRT modality on
dialysis dependency in previous studies [11].

Another interesting result of our study is the increased
mortality and dialysis dependency when CRRT was used
in the absence of hemodynamic failure, even when dialy-
sis dose was taken into account. Delayed recognition of
sepsis due to temperature lowering induced by CRRT
could worsen patients’ prognosis [32]. This quite surpris-
ing result must be confirmed by further studies.

Several strengths of our study should be noted. Obser-
vational studies on the subject were limited by the lack of
comparability between groups, and meta-analyses have
pointed out numerous limitations of RCTs [4]. Limited
availability of one dialysis modality [17] or practitioner
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resistance to randomize hypotensive patients [7] have
contributed to insufficient patient numbers in RCTs. This
study, by using an MSM, managed to bypass these limi-
tations. MSM enabled us to include a great number of
patients from an observational multicenter cohort, thereby
ensuring the possible generalization of our results. Pro-
vided that all confounders were taken into account, a causal
conclusion could be inferred from this study. Indeed, in
our study, we considered factors associated with both the
choice of treatment and prognosis factors influencing the
outcome. Furthermore, in routine practice, both tech-
niques are applied in the same patients throughout the ICU
stay. The rate of crossover is high between the two tech-
niques in meta-analyses [4]. The impact of the switch from
one technique to the other is improperly taken into account
by intention-to-treat analyses in RCTs. Switches from one
technique to the other are mainly due to coagulation dis-
orders, insufficient hemodynamic tolerance, or decreased
severity of illness. In our study, the global crossover rate
was 19.5 % and was more frequent in the CRRT group (24.1
vs 16.4 %), potentially because of a decrease of patients’
severity of illness. MSM allows us to conduct an as-treated
analysis, by regularly renewing IPTW estimators, and
therefore is not limited by crossover [33].

Our study presents some limitations. We recognize
that RRT prescriptions were not standardized in our
study, which may result in heterogeneity of administra-
tion of RRT techniques. Since 2008, the interest in higher
doses of RRT was questioned in several studies [34, 35]
and could have resulted in a change in administered
doses during the study period, especially for CRRT. Of
note, the actual delivered dose of CRRT is not easy to
assess, and some studies showed a discrepancy between
prescribed and effective clearance [36]. As a result, in our
study, we chose to represent RRT efficiency by adjust-
ing according to dialysis quality, defined as a serum urea
under 25 mmol/L prior to the next RRT session [20].

Another possible heterogeneity in our study is the tim-
ing of RRT initiation. However, knowing whether early
RRT initiation has an impact on mortality is still under
debate [23, 37], and conclusions are hard to draw from
existing studies because of the variability of early ini-
tiation definitions. Still, in our study, early initiation
was defined as one starting on the same day as the renal
injury class was reached and was introduced in weights
and adjustment in the final model.

Some limitations specific to MSM should be discussed.
The first concerns the estimator’s propriety: longitudinal
treatment effect estimation is asymptotically unbiased
only under the condition that both models for weights
and treatment effect estimations are correctly specified.
By renewing our main analysis with double robust IPTW,
we confirmed that our results were stable. Secondly, as

stated in the “Methods” section, the interpretation of
the estimation could be considered as causal, provided
that all model assumptions were satisfied (see Supple-
mentary material 1 for details). On the contrary, other
assumptions, such as exchangeability, cannot be tested.
Even if all known confounding factors were introduced
in the model, unknown confounding factors might not
have been considered, thus resulting in a residual bias.
By a sensitivity analysis, we concluded that it was highly
unlikely that an unknown factor could substantially
change our final result. The consistency assumption, also
untestable, relied on a sufficient description of treatment
exposure. By introducing into the model the timing of
RRT initiation and dialysis quality, we believed that most
important treatment parameters were taken into account.
Independently of model assumptions, the hypothesis
made with regards to discharged patients illustrates the
difficulty in appropriately taking into account competi-
tive risk in MSM.

This study must be seen as complementary to avail-
able literature. Its aims were multiple: first, to confirm
results concerning short-term outcomes while including
a large number of patients; secondly, to translate results
obtained in specialized centers into results in routine
practice; lastly, to point out new avenues of inquiry by
subgroup analysis and the long-term outcome, consider-
ing not only dialysis dependency but also persisting renal
dysfunction. Conclusions regarding some subgroup anal-
yses can be limited by the lack of power, and, on the con-
trary, multiple comparisons can also explain why some
subgroups reach statistical significance. In consequence,
our results need further confirmation by subsequent
studies.

Lastly, concerning the secondary 6-month outcome,
two limitations must be noted. First, this outcome was
gathered retrospectively and was limited to patients
discharged from ICU and still requiring RRT. In con-
sequence, results concerning the 6-month outcome,
especially persistent renal dysfunction, might not be
applicable to patients experiencing at least a partial renal
recovery allowing discontinuation of RRT in the ICU.
Second, eGFR criterion might have overestimated renal
recovery due to muscle wasting during ICU stay [38].

In conclusion, our study suggests that RRT modality
has little influence on both survival and renal outcome
at 30 days and 6 months. In addition, in an unselected
population of patients, RRT modalities do not seem to
influence outcome of patients with hemodynamic insta-
bility. However, our study suggests a benefit from CRRT
among patients with positive fluid balance. The asso-
ciation between recent evidence suggesting deleterious
effects of positive fluid balance, benefits of CRRT in con-
trolling fluid balance, and our findings should encourage
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physicians to prefer CRRT in these patients. Last,
although unexplained, our results suggest that IHD in
patients without hemodynamic instability is less deleteri-
ous. These results deserve to be confirmed in additional
studies.
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