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Abstract

Background: Acute kidney injury (AKI) requiring renal replacement therapy (RRT) is a serious complication in the ICU
that results in increased mortality and risk of chronic kidney disease (CKD). Some studies suggest RRT modality may
have an impact on long-term renal recovery after AKI. However, other predictive factors of severe long-term CKD in
ICU patients with AKI requiring RRT are unknown.

Methods: We performed an ancillary study of the multicenter ELVIS trial in the population with AKI requiring RRT.
Patients alive 3 months after RRT initiation were eligible. Serum creatinine levels available at 3, 6 and 12 months and

3 and 5 years were recorded. CKD stage was determined according to the glomerular filtration rate as estimated by
the CKD-EPI formula. At each timepoint, two groups of patients were compared, a no/mild CKD group with normal or
mildly to moderately decreased renal function (stages 1, 2 and 3 of the international classification) and a severe CKD
group (stages 4 and 5). Our objective was to identify predictive factors of severe long-term CKD.

Results: Of the 287 eligible patients, 183 had follow-up at 3 months, 136 (74.3%) from the no/mild CKD group and 47
(25.7%) from the severe CKD group, and 122 patients at 5 years comprising 96 (78.7%) from the no/mild CKD group
and 26 (21.3%) from the severe CKD group. Multivariate analysis showed that a long RRT period was associated with
severe CKD up to 12 months (OR;,=1.03 95% CI [1.02-1.05] per day) and that a high SOFA score at the initiation of
RRT was not associated with severe CKD up to 5 years (OR5,=0.85 95% CI [0.77-0.93] per point).
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Conclusion: Severe long-term CKD was found in 21% of ICU survivors who underwent RRT for AKI. The duration

of the RRT in AKI patients was identified as a new predictive factor for severe long-term CKD. This finding should be
taken into consideration in future studies on the prognosis of ICU patients with AKI requiring RRT.

Trial registration ELVIS trial was registered with ClinicalTrials.gov, number: NCT00875069 (June 16, 2014), and this ancil-
lary study was registered with ClinicalTrials.gov, number: NCT03302624 (October 6, 2017).
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Background
Acute kidney injury (AKI) is a frequent complication in
the intensive care unit (ICU) that affects the vital and
renal prognosis of patients in the short and long term
[1]. ICU patients risk developing chronic kidney disease
(CKD) from stage 1 of the KDIGO classification [2, 3].
Several studies have reported an association between
increased severity of AKI and an increased risk of devel-
oping CKD in the short and long term [2, 4-7]. The need
for RRT is the most severe stage of AKI. Studies report
that 70-99% of patients surviving after an AKI requir-
ing an RRT recovered renal autonomy at 6 months and
one year [6, 8—10]. However, long-term renal function
in these patients remains unknown. In addition, the
modality of RRT used to treat AKI could have an impact
on renal recovery depending on whether it is continu-
ous or intermittent [11]. Some studies suggest that renal
recovery after AKI is greater when the RRT modality is
continuous rather than intermittent [12, 13]. Other risk
factors for severe long-term CKD in ICU patients with
AKI requiring RRT are unknown [14]. The identification
of these factors is a major public health objective. Indeed,
early management of these factors could improve the
vital and renal prognosis, in particular by reducing the
risk of recourse to chronic dialysis, which is a significant
burden on public health expenditure [15].

The aim of our study was to identify predictive fac-
tors for severe long-term CKD in ICU patients with AKI
requiring RRT.

Methods

Study design and data patients

We conducted an observational, retrospective multi-
center ancillary study of the randomized ELVIS trial,
which assessed the prevention of RRT catheter infec-
tions with ethanol lock [16]. The study was approved by
the “Est IV” personal protection committee. (IDRCB No.
2017-A01133-50) and declared to the National Commis-
sion for Computing and Freedoms (No. 2008449 v 0). It
followed the STROBE (STrengthening the Reporting of
Observational studies in Epidemiology) recommenda-
tions for good clinical research practice (Additional file 2:
Appendix 1).

Eligible patients were aged 18 years or over, enrolled in
the ELVIS trial, hospitalized in an ICU, had AKI requir-
ing RRT with the placement of a double-lumen dialy-
sis catheter, discharged from the hospital after 28 days
and were alive 3 months after RRT initiation. The study
population consisted of patients with at least one serum
creatinine value available between 3 months and 5 years
after RRT initiation. The exclusion criteria were CKD
requiring chronic RRT at inclusion in the ELVIS trial and
refusal to participate in the study.

Additional data (serum creatinine level and mortality)
to those collected prospectively in the ELVIS trial were
retrieved from computerized medical records when pos-
sible. Otherwise, patients were contacted by telephone.
Five contact tests were performed. If the patient could
not be contacted, five attempts to contact the family or
the attending physician were made. The patient was
considered lost to follow-up if none of the information
could be collected after five attempted contact. Patients
were informed at the beginning of the interview of the
aim and nature of the study and were told they could
opt not to take part. If they agreed to participate, their
responses were collected for analysis and anonymization.
When possible, a picture of the blood test with creatinine
level was sent by the patient. The data collected were the
serum creatinine level available at 3, 6 and 12 months
and at 3 and 5 years, the date of the start of dialysis, and
the date of kidney transplantation. If there were several
serum creatinine levels available at the same timepoint,
the lowest level was recorded. The family or the attend-
ing physician was contacted for missing data and, when
appropriate, the date of death. The clinical variables were
those collected during the ELVIS trial. The RRT period
was calculated to run from initiation in the ICU to the
last day of treatment, which could be in the ICU or after
discharge.

The estimated glomerular filtration rate (eGFR) was
measured at each timepoint (3, 6 and 12 months, 3 and
5 years) from the serum creatinine level, age, sex and eth-
nicity (13 patients were of African race/ethnicity) accord-
ing to the CPK-EPI formula [17]. For each timepoint,
the patients were divided into two groups according to
the stages of the CKD classification. The “no/mild CKD”
group comprised patients with normal renal function
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(stage 1 of the international CKD classification [18]) or
no/mild CKD (stage 2) or moderate CKD (stage 3A and
B). The “severe CKD” group comprised patients with
severe CKD (stage 4), preterminal (stage 5) or terminal
CKD (chronic dialysis), or renal transplant recipients.
The patients could change groups (no/mild vs severe)
at any timepoint, depending on the CKD stage. Those
whose CKD increased in severity were moved from the
no/mild CKD group to the severe CKD group. Patients
whose CKD decreased in severity were moved from the
severe CKD group to the no/mild CKD group.

Statistical analysis

The values of the continuous variables are expressed as
median [interquartile range, IQR]. The values of the cat-
egorical variables are expressed as absolute values and
percentages. The total population was separated into the
no/mild CKD group and the severe CKD group, as pre-
viously defined at 3, 6 and 12 months and 3 and 5 years
after RRT initiation. Missing CKD data were imputed
by taking the most severe CKD stage before or after the
timepoint for which data were missing (n=52 at M3,
n=76 at M6, n="76 at M12, n=62 at M36 and n=40 at
M60).

The variables of the two groups were compared at each
timepoint with Student’s test or Mann—Whitney test for
the continuous variables and Chi2 or Fisher’s exact test
for the categorical variables. The factors associated with
severe CKD were then determined with a logistic regres-
sion model. The candidate variables for multivariate anal-
ysis were selected based on the results of the univariate
analysis (p <0.2) and their clinical relevance: age, only
intermittent modality for RRT, insulin-dependent diabe-
tes, chronic kidney disease, chronic respiratory failure
with oxygen therapy, SOFA score at RRT initiation, RRT
period, septic shock, and immunosuppression. Stepwise
regression was then used to select the most informative
predictor variables to include in the final multivariate
model. The interactions between the explanatory vari-
ables were carefully checked before being included in
the multivariate analysis. Special attention was also paid
to multicollinearity. Linearity to the logit for continuous
variables was checked with generalized additive models.

A sensitivity analysis was performed to assess a dif-
ferent classification of CKD categories made up of three
groups: normal group (stages 1 and 2), moderate CKD
group (stages 3A and 3B) and severe CKD group (stages
4 and 5). The results are expressed in terms of odds ratios
(OR) without adjustment and 95% confidence intervals
(95%CI). Analyses were performed with SAS 9.4 software
(SAS Institute; Cary, NC, USA). A p value <0.05 was con-
sidered significant.
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Results
Patient characteristics
Twelve of the 16 centers involved in the ELVIS trial
agreed to participate in our study, providing a pool of
1390 patients out of 1496 that made up the initial inclu-
sion population. Of these 1390 patients, 287 were alive
3 months after RRT initiation for AKI and therefore eligi-
ble for the study. At 3 months, 183 patients met the inclu-
sion criteria and constituted the study population (Fig. 1)
and 104 patients were excluded for loss to follow-up or
because no data were available for up to 5 years, their
characteristics are shown in Table 1 and Additional file 1:
Table S1, respectively. In the study population, 68 (37%)
patients received invasive mechanical ventilation in the
ICU, and their median of ICU and hospital length of stays
were 21 [13-39] and 61 [44—97] days, respectively.
Follow-up was performed from 3 months on 183
patients comprising 136 (74.3%) from the no/mild CKD
group and 47 (25.7%) from the severe CKD group, and at
5 years on 122 patients comprising 96 (78.7%) from the
no/mild CKD group and 26 (21.3%) from the severe CKD
group (Fig. 1). During the 5 years of follow-up, 60 (32.7%)
patients died and one patient had kidney transplantation.

Study of follow-up of mortality and renal function

at 5 years

Comparison of the no/mild CKD group and the severe
CKD group by univariate analysis at 3 months, 6 months,
12 months, 3 years and 5 years is shown in Tables 1
(Additional file 1: Tables S2, S3, S4) and 2, respectively.
A significant difference between the two groups at least
two timepoints was identified in only three variables. The
median SOFA score of the no/mild CKD group was 15
at all timepoints and was higher than that of the severe
CKD group whose median score was 11. The median
durations of the RRT period in the no/mild CKD group at
all timepoints were between 18 and 21 days, while those
of the severe CKD group were between 27 and 36 days
with significant differences between the two groups at 3
and 12 months. CKD comorbidity before inclusion was
more frequently found in the severe CKD group at 3 and
12 months.

Of the 183 patients included in our study, 168 (91.8%)
were alive at 6 months, 158 (86.3%) at one year, 138
(75.4%) at 3 years, and 122 (66.6%) at 5 years (Fig. 1).

The change over time in the proportion of patients in
the different stages of CKD and who died is shown in
Fig. 2. The proportions of stages 2, 4 and 5 remained sta-
ble, while those of stages 1 and 3 decreased.

The results of multivariate analysis at the different
timepoints are shown in Table 3. The number of days of
the RRT period was independently associated with a risk
of developing severe CKD for up to 12 months, while the
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Population of ELVIS trial (16 centres)
1496 patients

Fig. 1 Flowchart. AKl acute kidney injury, CKD chronic kidney disease

Population of ELVIS trial in 12
centres participating in study
1390 patients

Eligible population
287 patients 3 months after RRT
initation for AKI

35 patients with AKI not requiring RRT

34 patients with hemodialysis catheter for plasma
exchange without AKI

669 deceased patients

317 patients at the end of hospital follow-up

48 patients with CKD requiring RRT before inclusion

Study population
183 patients included at 3 months
No/mild CKD group = 136 (74.3%)
Severe CKD group = 47 (25.7%)

81 patients lost to follow-up
23 patients with no data up to 5 years

168 survivors at 6 months
No/mild CKD group = 133 (79.2%)
Severe CKD group = 35 (20.8%)

15 deceased patients (No/mild CKD group
= 3; Severe CKD group = 12)

158 survivors at 12 months
No/mild CKD group = 125 (79.1%)
Severe CKD group = 33 (20.9%)

10 deceased patients (No/mild CKD group
= 8; Severe CKD group = 2)

138 survivors at 3 years
No/mild CKD group = 109 (79%)
Severe CKD group = 29 (21%)

19 deceased patients (No/mild CKD group =
16; Severe CKD group = 3)
1 renal transplantation (Severe CKD group )

122 survivors at 5 years
No/mild CKD group = 96 (78.7%)
Severe CKD group = 26 (21.3%)

16 deceased patients (No/mild CKD group =
13; Severe CKD group = 3)
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Table 1 Characteristics of study population and comparison between no/mild chronic kidney disease and severe chronic kidney

disease groups at 3 months

Variables Study population No/mild CKD group Severe CKD group OR[IC 95%] p value
Patients, n 183 136 47
Female, n (%) 78 (42.6) 58 (42.6) 20 (42.6) 0.99[0.51-1.95] 0.99
Age, years 62 [54-72] 61 [53.5-69.5] 65 [56-73] 1.02 [0.99-1.04] 0.23
BMI at ICU admission, kg/m? 26.9[23.3-33] 275[23.2-33] 26.1[235-33.2] 0.98[0.92-1.04] 047
SOFA score at RRT initiation, points 14 [11-17] 15[11-18] 11 [7-15] 0.88 [0.82-0.94] <0.01
SAPS Il at ICU admission, points 63 [50-80] 4 [51-80] 57 [45-76] 0.98 [0.97-1] 0.09
Intermittent modality for the first RRT, n (%) 106 (57.9) (5 4) 28 (59.6) 1.09[0.56-2.15] 0.79
Only intermittent modality for RRT, n (%) 90 (49.2) 65 (47.8) 25(53.2) 1.14[0.54-2.47] 0.71
Only continuous modality for RRT, n (%) 37(20.2) 29 (21.3) 8(17) 0.83[0.31-2. 23] 0.71
RRT period, days 20 [8-42] 18 [7-35] 36 [10-56] 2010 03] <0.01
RRT sessions, n 6[2-11] 5[2-10] 7 [3-16] 3[1-1 07] 0.05
Intermittent RRT sessions, n 4[2-8] 4 [2-8] 5[3-11] 4 [0.99-1.08] 0.12
Continuous RRT sessions, n 3[2-7] 3[2-6] 451[2-12] 1.05[0.98-1.13] 0.14
Underlying condition
No comorbidity, n (%) 45 (24.6) 30 (22.1) 15(31.9) 1.66 [0.79-3.46] 0.18
Insulin-dependent diabetes, n (%) 24 (13.1) 16 (11.8) 8(17) 1.54[0.61-3.87] 036
Chronic hypertension, n (%) 76 (41.5) 59 (43.4) 17 (36.2) 0.74[0.37-1.47] 039
Hematological malignancy, n (%) 18 (9.8) 14(10.3) 4(85) 1[0.25-2.6] 0.72
Cirrhosis, n (%) 13(7.1) 11(8.1) 2(4.3) 0.50[0.11-2.37] 039
Metastatic cancer, n (%) 3(1.6) 2(1.5) 1.1 146 [0.13-16.44] 0.76
Chronic kidney disease*, n (%) 12 (6.6) 5(3.7) 7(14.9) 458[1.38-15.24] 0.01
Chronic respiratory failure with oxygen therapy, n (%) 6 (3.3) 3(2.2) 3(6.4) 3.02 [0.59-15.52] 0.19
Chronic heart failure NYHA Il or IV, n (%) 21(11.5) 18(13.2) 3(64) 045[0.13-1.59] 0.21
Immunosuppression**, n (%) 17 (9.3) 10(74) 7(14.9) 2.201[0.79-6.17] 0.13
Main symptom at ICU admission
Septic shock, n (%) 57 (31.1) 46 (33.8) 11(234) 0.59[0.28-1.28] 0.19
Coma, n (%) 6(3.3) 5(3.7) 1(2.1) 0.57 [0.06— 5] 061
Acute respiratory distress, n (%) 33(18) 23(16.9) 10(21.3) 3[0.58-3.05] 0.50
Acute kidney injury, n (%) 38(20.8) 26 (19.1) 12 (25.5) 510.66-3.17] 0.35

BMI Body Mass Index, SOFA Sepsis-related Organ Failure Assessment, SAPS Simplified Acute Physiology Score, RRT Renal replacement therapy, NYHA New York Heart

Association

*Chronic kidney disease defined as estimated glomerular filtration rate < 60 ml/min/1.73 m?

**Immunosuppression defined as patient with immunosuppressor treatment, chemotherapy, radiotherapy, steroids at least 200 mg/d of hydrocortisone or equivalent
for at least 3 months, immunodeficiency induced by diseases such as leukemia, lymphoma, AIDS

number of SOFA score points was associated with pro-
tection from developing severe CKD for up to 5 years.
The sensitivity analysis yielded similar results, showing
an association between the RRT period and severe long-
term CKD (Additional file 1: Table S5).

Discussion

Our study shows that a long RRT period for AKI in the
ICU is a risk factor for developing severe long-term CKD.
In contrast, a high SOFA score at RRT initiation was
associated with a lower risk of developing severe CKD in
the long term. These associations are reported here for
the first time.

It is now well established that AKI is a risk factor for
the development of, or progression to, CKD [1, 3, 5-7,
14, 19, 20]. Among the features of RRT used in ICU
patients with AKI, only the modality of RRT has been
suggested as a risk factor for CKD. In a meta-analysis,
Schneider et al. showed that among AKI survivors, ini-
tial treatment with intermittent RRT can be associated
with higher rates of dialysis dependence than with con-
tinuous RRT [13]. Sun et al. showed that continuous
RRT was associated with the better renal recovery and
a shorter RRT period, but without influencing 60-day
mortality [21]. These findings are counterbalanced by
those of Vinsonneau et al. which showed that there
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Table 2 Comparison between no/mild chronic kidney disease group and severe chronic kidney disease group at 5 years
Variables No/mild CKD group Severe CKD group OR[IC 95%] p value
Patients, n 96 26
Female, n (%) 46 (47.9) 11(42.3) 0.80 [O 33-1.81] 0.61
Age, years 61[48.5; 66] 70.5 [62; 76] 4[1.01-1.08] 0.02
BMI at ICU admission, kg/m? 28 [24.2; 34] 2631[22;31.8] 0.97 [0.9-1.05] 041
SOFA score at RRT initiation, points 15[11.5;17.5] 10.5[7;14] 0.85[0.77;0.93] <.01
SAPS Il at ICU admission, points 61 [51.5; 80] 571[42;77] 0.99 [0.96-1.01] 0.24
Intermittent modality for the first RRT, n (%) 53(55.2) 18 (69.2) 2 [0.72-4. 6} 0.20
Only intermittent modality for RRT, n (%) 43 (44.8) 16 (61.5) 7[0.81-4.79] 0.13
Only continuous modality for RRT, n (%) 23 (24) 4(154) 0.87 [0.22-3.45] 0.84
RRT period, days 20 [8; 35] 29.5[10;45] 1[0.99-1.03] 0.35
RRT sessions, n 51[2;10] 7.5102;12] 1.02[0.97-1.07] 048
Intermittent RRT sessions, n 4[2; 8] 502;11] 1.02 [0.96-1.08] 0.52
Continuous RRT sessions, n 3[2;6] 5[1,;8] 1.04[0.93-1.16] 0.46
Underlying condition

No comorbidity, n (%) 23 (24) 10(38.5) 1.98 [0.79-4.97] 0.14

Insulin-dependent diabetes, n (%) 11(11.5) 5(19.2) 1.84[0.58-5.87] 0.30

Chronic hypertension, n (%) 37 (38.5) 10 (38.5) 0.99[041-243] 0.99

Hematological malignancy, n (%) 10(10.4) 0(0)

Cirrhosis, n (%) 7 (7.3) 0(0)

Metastatic cancer, n (%) (1) 0(0)

Chronic kidney disease*, n(%) 2(2.1) 2(7.7) 408 [0.78-21.37] 0.10

Chronic respiratory failure with oxygen therapy, n (%) 2(1.8) 3(103) 3.92 [0.52-29.25] 0.18

Chronic heart failure NYHA Il or IV, n (%) 12(12.5) 1(3.8) 0.28 [0.03-2.26] 0.23

Immunosuppression**, n (%) 7 (7.3) 4(154) 2.311[0.62-86] 0.21
Main symptom at ICU admission

Septic shock, n (%) 30(31.3) 7(26.9) 0.81[0.3 13] 0.67

Coma, n (%) 2.0 1(3.8) 1.88 [O 16-21 58] 0.61

Acute respiratory distress, n (%) 17017.7) 6(23.1) 1.39[0.49-3.99] 0.54

Acute kidney injury, n (%) 18(18.8) 5(19.2) 1.03[0.34-3.11] 0.96

BMI Body Mass Index, SOFA Sepsis-related Organ Failure Assessment, SAPS Simplified Acute Physiology Score, RRT Renal replacement therapy, NYHA New York Heart

Association

*Chronic kidney disease defined as estimated glomerular filtration rate < 60 ml/min/1.73 m?

**Immunosuppression defined as patient with immunosuppressor treatment, chemotherapy, radiotherapy, steroids at least 200 mg/d of hydrocortisone or equivalent
for at least 3 months, immunodeficiency induced by diseases such as leukemia, lymphoma, and AIDS

was no difference in mortality (31.5-32.6% p =0.98) or
recovery of renal function (10% vs 7% p =0.5) between
continuous and intermittent RRT [22]. Finally, Truche
et al. showed that the modality of RRT did not signifi-
cantly impact mortality and renal recovery at 6 months
[23]. However, this last study suggested mortality was
reduced with the continuous modality in the subpopu-
lation of ICU patients with positive fluid balance, and
with the intermittent modality in the subpopulation of
patients without hemodynamic instability. In our study,
there was an association between a long period of RRT
during AKI and severe CKD up to 1 year. Because of
the small size of the severe CKD group at 3 and 5 years,
it was not possible to achieve the statistical power

needed to show a significant difference after 1 year.
Few studies have assessed the impact of AKI duration
in the ICU on long-term renal function. Mehta et al.
showed in a meta-analysis that a long duration of AKI
was a risk of developing CKD [24]. To our knowledge,
our study is the first to show that a long period of RRT
is associated with a higher risk of severe CKD in the
long term. There are several possible explanations for
this observation. It may be that the period of AKI dur-
ing which RRT is required, is associated with the sever-
ity of renal lesions. Several studies have shown that the
severity of an AKI is a risk factor for developing CKD
[4, 5]. In addition, it has been shown that RRT exposes
patients to per-procedure arterial hypotension, which
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Fig. 2 Proportion of patients who died and at different stages of chronic kidney disease over the study period. The no/mild chronic kidney disease
group was made up of patients in stages 1, 2 and 3. The severe chronic kidney disease group was made up of patients in stages 4 and 5
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Table 3 Factors associated with severe chronic kidney disease
group (multivariate analysis)

Variables OR[IC 95%] p value

3 months
RRT period (per day) 1.03[1.017-1.048] <0.0001
Chronic kidney disease* 409 [1.031-16.248] 0.0451
SOFA score at RRT initiation (per 0.83 [0.760-0.902] <0.0001
point)

6 months
RRT period (per days) 1.02 [1.004-1.036] 0.0156
SOFA score at RRT initiation (per 0.83[0.765-0911] <0.0001
point)

12 months
Age 1.04 [1.006-1.081] 0.0215
RRT period (per day) 1.03[1.011-1.051] 0.0017
SOFA score at RRT initiation (per 0.82 [0.742-0.900] <0.0001
point)

3 years
SOFA score at RRT initiation (per 0.85[0.777-0.928] 0.0003
point)

5 years
SOFA score at RRT initiation (per 0.85[0.771-0.935] 0.0009
point)

RRT renal replacement therapy, SOFA Sepsis-related Organ Failure Assessment

*Chronic kidney disease defined as estimated glomerular filtration rate <60 ml/
min/1.73 m?

is sometimes undetected and could cause ischemic kid-
ney damage [25]. Such ischemic lesions can contribute
to the delay of renal recovery, which would promote the
fibrotic cellular processes leading to CKD [26]. It seems
that RRT is both the consequence of the severity and
a factor in the prolongation of the renal lesional pro-
cess and thereby prevents optimal renal recovery. Many
other factors such as hypertension, diabetes, and older
age are involved in the development and progression of
CKD [3]. Some of our included patients had risk fac-
tors that have contributed to the development of severe
CKD.

Our study showed an intuitively surprising association
between a high SOFA score [27] and the development of
long-term low-severity CKD. This association persisted
throughout the duration of the follow-up, i.e., 5 years
after the AKI. There is no pathophysiological relationship
to explain this finding. It could be due to a selection bias
in the study population. Patients who had a high organ
failure score either died (most often within 3 months)
and therefore were not included in the study, or survived
without renal sequelae. The two findings of our study
suggest that ICU patients who had an RRT period of less
than 20 days and who survived despite a significant num-
ber of organ failures, had a good renal recovery in the
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long term. The AKI could mainly result from other organ
failures. In survivors, the recovery of these failures leads
to a renal recovery. Otherwise, the comorbidities “chronic
hypertension” and “insulin-dependent diabetes” were
not associated with the severe CKD group, while these
comorbidities are well-established risk factors for CKD.
Only 13% of patients suffered from insulin-dependent
diabetes and 41% suffered from chronic hypertension, so
our study might be underpowered to show a difference in
the impact of these comorbidities between the two CKD
groups. Our results should be taken into consideration in
future studies on the prognosis of ICU patients treated
with RRT. It is possible that in addition to the modality
of RRT, its duration could have an impact on long-term
renal recovery and therefore on patient prognosis.

Our study has several limitations. First, the duration
of the RRT period depends on when it was initiated and
on the weaning criteria. There is currently no interna-
tional consensus regarding the criteria for the initiation
and weaning of RRT, and hence our findings were not
affected by a modification of these criteria. The ELVIS
trial [16] was carried out before several randomized con-
trolled trials that suggested delaying the initiation of RRT
since 40 to 50% of patients who have severe AKI achieve
rapid renal recovery, which avoids RRT with no impact
on mortality [28, 29]. However, we do not believe that the
new suggested criteria for the initiation of RRT would
change our results because the duration of RRT in these
trials was very short, from 2 to 4 days, which suggests that
AKI was less severe than in our study probably owing to
a different case mix. However, almost all of the patients
included in our study had a 4-point renal SOFA criterion,
which corresponds to less than 200 ml/24 h of diuresis
or serum creatinine>440 pumol/L, whereas mean serum
creatinine level in the trial participants at the initiation
of RRT was less than 300 pmol/L [28-30]. It is therefore
unlikely that our study included patients who could have
avoided RRT. Similarly, the impact of modifying RRT
methods is unlikely, given the absence of any major pub-
lications leading to new recommendations for changing
practices. Second, the design of our study did not make
it possible to ensure that all creatinine levels were meas-
ured at each timepoint. Twenty-two patients had a serum
creatinine value available between 3 months and 5 years
and were alive at 5 years. However, our choice of missing
data imputation did not adversely affect the risk of severe
CKD because the imputed CKD stage was equal to the
more severe of the two stages before or after the time-
point for which data were missing. Thus, our imputation
methodology could have identified severe CKD before it
actually occurred. Some elderly patients improved their
renal function between 3 and 6 months or even up to
1 year and hence changed CKD stage accordingly. We
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assume that the renal function of the elderly patients
took several months to be fully recovered because of the
structural and functional changes associated with the
aging kidney [31]. Moreover, the baseline of serum cre-
atinine level before ICU admission was not collected in
the ELVIS database. Only the variable eGFR <60 ml/
min/1.73 m? was collected, which may have been esti-
mated with means other than CPK-EPI, and this could
explain why some of these patients were in the no/mild
group. We assessed the occurrence of CKD after AKI
requiring RRT and not the renal recovery of patients.
Third, generalizing our findings to all critically ill patients
requiring RRT for AKI should be cautious because of the
lack of information on a significant number of patients
who were lost of follow-up or did not have bloodwork at
the different timepoints assessed in the study.

Conclusion

Severe long-term CKD is found in one-fifth of ICU
survivors treated with RRT for AKI. The duration of
the RRT period has been identified as a risk factor for
developing severe CKD in the long term. Our findings
should be considered in future studies on the prognosis
of ICU patients treated with RRT.
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