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Abstract: Introduction: Acute renal failure (ARI) is a sudden onset of the partial or total inability of the kidney to eliminate 
the products of nitrogen catabolism and to maintain the hydro-electrolyte balance. It results in the installation of an acute 
uremic syndrome, made up of a constellation of biological and clinical abnormalities, the intensity of which directly defines 
the therapeutic urgency. The ideal moment to start an ERA remains debated, with studies with sometimes contradictory results. 
Objective: to determine the effect of the delay in initiation of the RE on the morbidity and mortality of patients in intensive 
care surgery in Mulhouse, in the context of severe ARI with multi-visceral involvement. Materials and methods: This is a 
retrospective single-center study, of the professional practice evaluation type, carried out in the surgical intensive care unit of 
the Groupe Hospitalier de la Région de Mulhouse Sud Alsace (GHRMSA) over a period of 12 months (March 2019 to 
February 2020). All patients aged at least 18 years and presenting with ARF were included in the study. Diagnosis and severity 
of renal injury was determined using the DIGO K score. The primary endpoint was mortality. Results: In 122 patients, the 
diagnosis of ARF was retained. Twenty-six of them benefited from an RRT and among which 18 for an early RRT and 8 for a 
late RRT. Baseline patient characteristics were similar in the 2 groups. Mortality was 50.0% in the two early RRT groups and 
50.0% in the late RRT group, among the patients who received dialytic treatment with a statistically non-significant difference. 
Conclusion: This study did not show a difference in terms of mortality between the early RRT group and the late RRT group in 
patients with severe acute renal injury in intensive care. On the other hand, it notes a reduction in the duration of stay in 
intensive care as well as the duration of the EER in the early group. 
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1. Introduction 

Acute renal failure (ARI) is a sudden onset of partial or 
total inability of the kidney to eliminate the products of 
nitrogen catabolism and to maintain the water-electrolyte 
balance [1-3]. It results in the installation of an acute uremic 

syndrome, made up of a constellation of biological and 
clinical abnormalities, the intensity of which directly defines 
the therapeutic urgency. 

It occurs in 4–15% of patients after cardiothoracic surgery 
and in 40–60% of patients admitted to intensive care 
including 20% will require extrarenal purification (ERT) [4, 
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5]. The latter remains the only method of replacement of 
renal function. 

The ideal moment to start an RRT remains debated, with 
studies with sometimes contradictory results [6]. 

Despite technological advances and a better therapeutic 
approach, the mortality of AKI acquired in intensive care 
remains high at 45 to 70 percent [3, 7-10]. This is largely 
linked to a profound change in the epidemiology of ARI. 
ARF is multifactorial, often of septic, postoperative or post-
traumatic origin and easily fits into a context of multi-
visceral failure. The increasingly complex and delicate 
treatment, essentially RRT, determines the prognosis [3]. 

For about ten years, research has been carried out on the 
criteria and the ideal moment of initiation of RE in the 
management of severe ARF [11, 12] and there are currently 
no recommendations on the optimal time to initiate the so-
called EER [12-16]. 

The objective of our study was to assess the impact an 
early RRT on mortality and recovery of renal function in 
patients admitted and presenting with AKI in intensive care. 

2. Methods 

It is a retrospective single-centre study, of the professional 
practice evaluation type. It was carried out in the surgical 
intensive care unit of the Emile Muller hospital of the Groupe 
Hospitalier de la Région de Mulhouse Sud Alsace 
(GHRMSA) over a period of 12 months (March 2019 to 
February 2020). The protocol of this study received the 
authorization of the head of intensive care unit; in addition, 
we also obtained permission from the patients or family to 
use the data from their records in the context of the research. 

All patients aged at least 18 admitted to the department 
during the study period and presenting with acute renal injury 
were included. Patients whose data necessary for the study 
were incomplete in the medical file were excluded. 

The present study concerns the files of patients who were 
hospitalized in the intensive care unit during the study period 
considered. 

The data had been collected using a sheet designed for this 
purpose, which was validated after pre-testing. A screening 
of the files of the included patients was carried out to note the 
parameters of interest. Patients were selected on the basis of 
renal involvement, the diagnosis and classification of which 
were retained according to the K DIGO criteria [17], as 
shown in Table 1. 

The patients selected were divided into two groups (early 
and late) taking into account the recommendations of experts 
in extra renal purification in intensive care [4]. The early 
group included patients who underwent early RRT and the 
late group included patients who underwent late RRT. 

Was considered to be early, the RE started within 24 hours 
following the diagnosis of an ARF at stage K DIGO 3 with 
respiratory and/or haemodynamic complication requiring the 
use of mechanical ventilation and/or vasopressors. Was 
considered late, the RRT started beyond 24 hours of the 
diagnosis of AKI with or without complications. 

The following data were collected: patient characteristics 
on admission (age, sex, comorbidities, reason for admission, 
and IGS II severity score of patients on admission); data on 
the evolution of patients in the department (length of stay in 
intensive care, duration of EER, delay in EER, improvement 
in renal function and patient outcome. 

The primary endpoint was mortality in intensive care and 
the secondary endpoints were: improvement in renal function, 
length of stay in intensive care unit, time to initiation of REE, 
type of REE. 

Data were analyzed using SPSS 23.0 software. The 
quantitative variables were described by their mean ± 
standard deviation or by their median with their extreme 
values and the qualitative variables by their frequency and in 
percentage. Comparisons were made using Pearson's chi-
square test or Fisher's exact test, depending on the 
application conditions for qualitative (categorical) variables 
and Student's t test for quantitative variables. For non-
normally distributed numeric variables, medians were 
calculated and compared using the nonparametric test. 

Table 1. Classification KDIGO. 

Internship Serum creatinine Urine output 

1 1.5–1.9 times baseline v GOLD ≥0.3 mg/dl (≥26.5 mmol/l) increase < 0.5 ml/kg/h for 6–12 hours 
2 2.0–2.9 times baseline < 0.5 ml/kg/h for ≥ 12 hours 

3 
3.0 times baseline GOLD Increase in serum creatinine to ≥4.0 mg/dl (≥353.6 mmol/l) 
GOLD Initiation of renal replacement therapy OR, In patients < 18 years, decrease in eGFR to < 
35 ml/min per 1.73 m2 

< 0.3 ml/kg/h for ≥ 24 hours GOLD 
Anuria for ≥ 12 hours 

KDIGO Guideline 2012 

Table 2. Basic patient characteristics. 

 
Early EER Late ERA 

P 
(n=18) (n=8) 

Demography    
Age/ years. Mean ± SD 70.28±10.3 66.88±19.6 0.536 
Median (min-max) 69 (50-85) 68 (51-86)  
Gender Male (%) 10 (56.6) 7 (87.5) 0.289 
IGS II score (%). 

  0.536 
Mean ±SD 75.50± 22.19 53.88± 11.06 
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Early EER Late ERA 

P 
(n=18) (n=8) 

Median (min-max) 71.50 (30-113) 13.8 (0.9-99.4) 
Co-morbidity n (%)    
Alcohol 4 (22.2) 1 (12.5) 0.462 
Smoking 5 (27.8) 4 (50.0) 0.506 
COPD 2 (11.1) 1 (12.5) 0.686 
hypertension 13 (72.2) 6 (75.0) 0.132 
Diabetes 11 (61.1) 3 (37.5) 0.002 
Cardiovascular pathologies 10 (55.6) 4 (50.0) 0.466 
Cancer 2 (11.1) 1 (12.5) 0.812 
Others 7 (38.9) 2 (25.0) 0.781 
Admissions n (%)    
Medical 13 (72.2) 4 (50.0) 0.212 
Planned surgery 0 (0.0) 1 (12.5)  
Urgent surgery 5 (27.8) 3 (37.5)  
Main diagnoses at admission n (%)    
IRA 5 (27.8) 0 (0.0) 0.000 
Respiratory distress 7 (38.9) 2 (22.1) 0.165 
Neurological impairment 2 (11.1) 0 (0.0) 0.243 
States of shock 9 (50.0) 5 (62.5) 0.068 
Vascular surgery 2 (11.1) 0 (0.0) 0.624 
Visceral surgery 1 (5.6) 1 (12.5) 0.175 
infections 1 (5.6) 1 (12.5) 0.790 
Others 3 (16.7) 0 (0.0) 0.429 

Table 3. Effect of RRT Type on Patient Outcome. 

Indicator Early REE Late EER p 

Renal function improvement (%) 2 (40.0) 3 (60.0) 0.115 
Mortality (%) 2 (50.0) 2 (50.0) 0.359 

Table 4. Elements of the secondary judgment criterion. 

Indicator Early REE Late ERA p. 

Stay Réa (days) Mean ± SD 15.06±13.61 60.75±37.20 
0.219 

Median (min-max) 13 (1-41) 60.5 (13-104) 
EER duration (days) Mean ± SD 10.33±10.11 25.13±25.67 

0.456 
Median (min-max) 9.5 (1-38) 17.5 (1-75) 

 

3. Results 

A total of 422 patient files had been compiled in the 
department's archives. In 122 of them, the diagnosis of ARI 
had been retained. 26 patients underwent RRT, including 18 
for early RRT and 8 for late RRT, as shown in Figure 1. 

 

Figure 1. Flow chart. 

The baseline characteristics of the patients are shown in 
Table 2. 

It is found that the mortality is 50.0% in the early REE 
group and 50.0% in the late REE group, among the patients 
who received dialytic treatment with a statistically non-
significant difference. (p=0.359). 

Among those who underwent RRT and whose renal 
function was explored, it appeared that only 2, or 40% of 
patients with improved renal function, had benefited from 
early RRT. As presented in Table 3. 

As for the secondary endpoints, we found no significant 
difference in terms of length of stay in intensive care or 
length of extra renal replacement therapy, as indicated in 
table 4. 

4. Discussion 

In the two study groups, the general characteristics of the 
patients were broadly similar which allows for comparability. 
The male gender was more represented in both groups with a 
marked increase in the late group 56.6% vs 87.5% (p=0.289); 
the same applies to cardiovascular pathologies, particularly 
hypertension, taking into account comorbidities. These 
results corroborate with the literature [15, 18]. 
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Indeed, it has been observed in several studies that the 
male sex is twice as represented as the female sex in the 
development of an ARF requiring the use of an RRT [19-25]. 
This is explained by a protective role provided by female 
hormones on the cardio-renal system. 

The question of the timing of the RRT in intensive care 
arose in our study where we have a homogeneous population 
and who were admitted in most cases in a table of states of 
(septic) shock. Indeed, in our study, we found respectively in 
the two groups (early and late) 50.0% vs. 62.5% (p=0.068) 
the states of shock. When the data relating to the other 
pathologies at admission are taken into account, it appears 
that the outcome of the patients is associated with the state of 
shock, in an environment of multi-visceral failure [26-28]. 
All these factors therefore reduce the probability of a 
favorable outcome for the patients, which could thus explain 
the mortality described in this study. 

Indeed, we noted an absence of significant difference in 
terms of mortality between patients who underwent early 
RRT compared to those with late RRT with respectively 50.0% 
vs 50.0% (p=0.359). Several studies confirm these results [15, 
29-32]. On the other hand, three recent randomized studies 
[15, 16, 33] have explored the issue of the timing of the 
initiation of REE in patients with ARF, but their results were 
contradictory. This contradiction lies in the severity of the 
patients included. Indeed, the study by Zarbock A et al [33] 
had included less severe patients (stage 2 K DIGO) whereas 
Barbar SD et al [15] and Gaudry S et al [16] had enrolled 
patients with severe kidney damage (stage 3 K DIGO). 

Our results are similar to those reported by Barbar SD and 
Gaudry S, who enrolled a large sample of 488 and 600 
patients respectively divided into the two study groups (early 
group and late group) with patients with severe renal 
impairment (stage 3 K DIGO) as in our study; unlike ours, 
was monocentric, retrospective with a small sample making 
the results not statistically significant. 

A potential advantage of early initiation of RE in IRA is 
the possibility of managing the acid-base imbalance, the 
management of the hydro-electrolyte balance and perhaps the 
purification of toxins of inflammatory origin [15, 34]. This 
prevents the occurrence of severe complications of AKI and 
has an impact on reducing deaths. However, we could not 
demonstrate a lower death rate in the early EER group in our 
study. It should be noted that the management of water 
balance is not easy given that patients are often admitted in a 
context of states of shock with hemodynamic instability 
already upon admission to intensive care. This could explain 
the lack of reduction in the death rate in the early RRT group 
compared to the late group, whereas a significant drop is 
described in some studies [18]. 

It is also likely that our small sample can to some extent 
justify this state of affairs in our study. 

The median length of stay in intensive care in our study 
was respectively 13 days with extremes of 1-41 days in the 
early group and 60.5 days with extremes of 13-104 days in 
the late group. 

The median duration of the early RRT was 9.5 days with 

extremes of 1-38 days while that of the late group was 17.5 
days with extremes ranging from 1-75 days. A reduction in 
the length of stay in intensive care as well as that of the EER 
is associated with the early EER, compared to the late EER. 

Several meta-analyses having reported a reduction in 
mortality associated with early RE in patients with ARI in 
critical care [26, 35-37], have also reported a reduction in the 
length of stay in intensive care, a reduction in duration of the 
EER, a decrease in the duration of mechanical ventilation, as 
in our study. However, these studies are criticized for the 
lack of a control group. Thus, the possibility of spontaneous 
renal recovery (in the control group) which could be obtained 
by delaying an ERT, was not explored. 

A Brazilian retrospective study published in 2013 [18] also 
found consistent results, although the diagnostic criteria for 
AKI were based on the AKIN/RIFFLE classification. In the 
latter, early RRT was defined only when it was performed in 
the early stages of AKI (RIFLE Classification 0 or R). At 
these stages, patients without ARI could be included. Since 
AKI is associated with a poor prognosis in critical patients 
first and secondarily, patients can reach the severe stage of 
AKI and mistakenly remain in the early group, this could be 
the basis of a interpretation bias that can influence the results, 
due to the lack of specificity of this classification [15]. 

In our study, renal function was less improved at 40.0% in 
the early group compared to the late group with 60.0% with a 
statistically non-significant difference (p = 0.115). These 
results are contradictory to those of the literature, as shown 
by Zarbock et al. [33] who demonstrated an increased rate of 
improvement in renal function in the early RRT group 
compared to the late group. But we must recognize the 
difference between us and this study. Indeed, while Zarbock's 
study was randomized, ours is retrospective with a small 
sample, which could justify this discrepancy. 

The strength of our study lies in the fact that it is original 
in the sense that it is a first conducted in the Surgical 
Resuscitation department of Mulhouse, in the field of renal 
assistance in critical patients with acute renal damage. Our 
patients were not on dialysis and had no history of Chronic 
Kidney Failure (CRI) before their admission to the intensive 
care unit, which avoided confusion bias. 

Like any study, this one also had weaknesses. Indeed, it is 
a monocentric study, whereas most of the studies on the 
subject are multicentric. Its small sample justifies that the 
results are not statistically significant and therefore does not 
allow us to draw definitive conclusions. Also, we were 
confronted with another bias which is that of retrospective 
studies [12, 38] which consisted in comparing only patients 
having benefited from an RRT (early and late), whereas in 
randomized studies it is It is a question of comparing 
strategies of initiation of the REE (early versus waiting). The 
comparison of strategies actually allows certain patients not 
to be purified in a waiting strategy. We were unable to study 
the duration of mechanical ventilation (MV). Indeed, the 
latter would also have a certain negative influence on kidney 
function. 
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5. Conclusion 

This study did not show a significant difference in terms of 
mortality between the early RRT group and the late RRT 
group in patients with severe acute kidney injury in intensive 
care. But she notes a reduction in the length of stay in 
intensive care as well as the duration of the EER between the 
early group, compared to the late group. 

Also, we did not show an improvement in renal function in 
the early EER group. 
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