
Evaluer la fonction rénale 

Michael Darmon
Service de réanimation médicale

CHU Saint-Louis
Université Paris Cité



Liens d’intérêt 

§ Research grants: MSD, Astute medical

§ Speaker fees: MSD, Astellas, Bristol Myers Squibb, Gilead

§ Support in organizing educational meetings: MSD, Astellas, JazzPharma

§ Advisory board: Sanofi Aventis, Gilead-Kite



Plan de la présentation 
• Définition de l’insuffisance rénale et notion de réserve fonctionnelle

• Marqueurs usuels 

• Ce qui n’est pas encore validé

• Ce qui est à venir 

• Conclusion



Plan de la présentation 
• Définition de l’insuffisance rénale et notion de réserve fonctionnelle

• Marqueurs usuels 

• Ce qui n’est pas encore validé

• Ce qui est à venir 

• Conclusion



Définition de l’insuffisance rénale 

http://www.kdigo.org/clinical_practice_guidelines/pdf/KDIGO%20AKI%20Guideline.pdf



Insuffisance rénale aigue et devenir

Nisula et al. Intensive Care Med 2013



Un processus évolutif 

Chawla et al. Kidney Int 2017

Nature Reviews | Nephrology

Stage 0 subtypes
C: SCr not back to 
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B: Biomarker or loss of 

     renal reserve 

     indicates injury

A: No evidence of injury

Injury

Up to 7 days 7–90 days >90 days

AKI KDIGO stage

Ongoing RRT

3 (SCr 3x)/RRT

2 (SCr 2x)

1 (SCr 1.5x)

Subacute AKI

AKD stage (congruent to AKI stage) CKD

Ongoing RRT

3 (SCr 3x)/RRT

2 (SCr 2x)

1 (SCr 1.5x)

0 Subacute AKD

broader population of patients with AKD. Further 
work is warranted to delineate the epidemiology of 
AKD, including differences in the predictors, course, 
and outcomes relative to AKI. Few data exist on char-
acterizing the phases of AKD, including the processes 
by which patients recover or progress to CKD, the 
evolving risk experienced by AKD survivors, and  
the processes of care experienced.

For the purposes of our recommendations, AKD is 
conceptualized not as pre-CKD but rather, as post-AKI. 
This distinction has important implications for the diag-
nosis, care and follow-up of affected patients, including 
the notion that AKD might exist even in the absence of 
standard clinical evidence (FIGS 2,4).

The ideal definition for recovery should quantify lost 
pre-existing kidney function as well as current residual 
kidney function and reserve, identify when recovery is 
complete, and provide prognostic information (BOX 3). 
Intrinsic to the concept of AKD is that acute loss of kid-
ney function or damage extends beyond diagnosis and 
staging of AKI and highlights additional points of poten-
tial intervention from the onset of injury through to the 
more convalescent phase of disease that could modify 
long-term outcomes. No standardized definition of 
recovery from AKI or AKD exists, and only a few studies 
have evaluated the kinetics or trajectory of recovery from 
either AKI or AKD among patients not on dialysis (see 
Supplementary information S3 (table)). Although these 
studies have used varying time frames and thresholds 
of serum creatinine level to define recovery, the results 
generally show a graded association between recovery 
and future risk of mortality, loss of kidney function, and 
other morbidities.

Other potential measures of recovery
AKD and recovery from AKD are currently assessed 
using filtration markers, such as serum creatinine. This 
approach has limitations, however, and loss of mus-
cle mass, changes in volume of distribution, changes 

in renal reserve, and hyperfiltration can confound the 
assessment of functional recovery54–60. The limitations of 
using serum creatinine to assess recovery are supported 
by observational data indicating that AKI is associated 
with an increased risk of CKD, even when accompanied 
by an apparent complete return of serum creatinine to 
baseline levels61,62.

Alternative or complementary measures of kidney 
function, including other filtration markers such as 
cystatin C and timed urine clearance measurements, 
could hold promise for improved phenotyping of func-
tional recovery from AKD but require further validation 
before recommending their routine adoption into clinical 
practice35,63–66. Methods to assess glomerular functional 
reserve (for example, by assessing the effect of a protein 
load on GFR) or tubular functional reserve (for example, 
through furosemide stress testing or the administration 
of intravenous creatinine) have also been developed in 
the CKD setting but have yet to be applied to patients 
with AKD67,68. Interestingly, serum creatinine level has 
been the standard approach to the assessment of renal 
function for decades, but intravenously administered 
creatinine fails to increase GFR in humans, regardless of 
renal function68. Intravenous creatinine does, however, 
significantly increase creatinine clearance68, demonstrat-
ing that glomerular and tubular reserve do not necessar-
ily correlate and suggesting that patients with CKD can 
maintain some preservation of glomerular renal reserve 
but fail to show any measurable tubular reserve68–71. On 
the basis of these findings, assessments of glomerular and 
tubular reserve are likely to assess different facets of kid-
ney disease. Several studies have also examined the use of 
next-generation biomarkers of tubular injury and furo-
semide stress testing to predict recovery from AKI72,73. 
As many of these markers reflect ongoing tubular injury, 
most studies have focused on their ability to indicate the 
likelihood of recovery during early or peak AKI in select 
groups of patients (see Supplementary information S4 
(table)). Further work is needed to determine the utility of 
these biomarkers in informing clinical decision-making.

A framework to classify AKD and recovery
A useful classification of recovery from AKD would 
quantify the extent to which kidney function was lost, 
indicate when repair is complete and damage is no longer 
occurring, provide a measure of a patient’s current kidney 
function and reserve, and provide prognostic information. 
A scheme that aligns with and integrates the KDIGO 
cate gories for AKI and provides a simple and translatable 
framework for ascertaining transition points for outcomes 
during AKD and at the end of 90 days would be ideal. 
Accordingly, we propose to map the KDIGO AKI stag-
ing categories to the staging of AKD for the purpose of 
defining the severity of AKD and to offer a framework for 
kidney-specific outcomes across a 90-day timeline (FIG. 4). 
In this conceptual framework, improvements in kidney 
function and/or resolution in kidney damage would be 
staged by an improvement (decrease) in AKD stage (for 
example, a shift from stage 3 AKD to stage 2 or lower). 
We recognize that specific thresholds to define ‘recovery’ 
remain to be defined, in particular in selected populations 

Figure 4 | Interplay between acute kidney injury (AKI), acute kidney disease (AKD) 
and chronic kidney disease (CKD). AKI stages map directly to the new proposed AKD 
stages. In addition, patients with AKD can progress to CKD. Stage 0 AKD represents 
partial recovery from AKI. Stage 0C includes patients for whom serum creatinine levels 
are higher than baseline but within 1.5 times baseline levels. Stage 0B includes patients 
whose serum creatinine has returned to baseline levels, but who still have evidence of 
ongoing kidney damage, injury, or loss of renal reserve. Stage 0A includes those patients 
who have had an episode of AKI and retain a risk of long-term events without structural 
or damage markers for AKD. Patients whose serum creatinine level has not returned to 
baseline and who have ongoing evidence of kidney damage and/or injury are termed 
stage 0B/C. 

C O N S E N S U S  S TAT E M E N T
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Durée de l’IRA:
0-2 Jours : IRA Rapidement réversible
2-7 jours: IRA persistante 
7-90 jours:  « Maladie rénale aiguë »



Un processus évolutif 

Abdel-Nabey et al. Crit Care Med 2021
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Créatinine plasmatique et sa cinétique

Waikar et al. J Am Soc Nephrol 2009

En dehors de toute maladie rénale chronique une baisse de 30 à 40% du DFG ne se 
traduit pas par une élévation de la créatinine 



Waikar et al. J Am Soc Nephrol 2009

Une élévation de la créatinine dans les taux attendus par la définition de l’IRA nécessite 5 
à 24h de baisse profonde du DFG

Créatinine plasmatique et sa cinétique



Bove et al. JAMA 2014

Conséquences pratiques 
RCT – 129 Patients – Fenoldopam or Placebo following cardiac surgery

Randomization of patients if AKI stage RIFLE R after surgery [Median 32h (IQR 26-52)]

Intervention



Bove et al. JAMA 2014

Conséquences pratiques 

Intervention

Renal insult

RCT – 129 Patients – Fenoldopam or Placebo following cardiac surgery
Randomization of patients if AKI stage RIFLE R after surgery [Median 32h (IQR 26-52)]



Mandelbaum et al. Intensive Care Med 2013

14,526 critically-ill patients with urine output measurement
Relationship between urine output, duration of an oliguria and outcome

Adjusted rate of RRT(%)Adjusted mortality (%)

Oligurie: un marqueur peu spécifique



Prowle et al. Crit Care 2011

Oligurie: un marqueur peu spécifique

239 ICU patients

Oliguria vs. AKI according to Screat. 

Incidence of AKI-Screat: 13.4%

6 hours of oliguria :
Sensitivity : 21%
Specificity : 93%

Positive predictive value : 9%
Negative predictive value : 97%



• Oliguria • Creatinine change

En pratique 



Plan de la présentation 
• Définition de l’insuffisance rénale et notion de réserve fonctionnelle

• Marqueurs usuels 

• Ce qui n’est pas encore validé

• Ce qui est à venir 

• Conclusion



Quelle place pour les biomarqueurs?

Ostermann et al. JAMA 2020



Quelle place pour les biomarqueurs?

Ostermann et al. JAMA 2020

Créatinine

Agression rénale

Biomarqueur



4 problèmes pratiques

Ostermann et al. JAMA 2020

Non recommandé en pratique à ce jour car

1- Aucun marqueur n’a démontré une performance satisfaisante

2- Aucun marqueur n’a démontré un bénéfice à son utilisation 

3- La confusion entre marqueur fonctionnel et marqueur lésionnel a 

grandement limité l’interprétation des données

4- Le marqueur idéal va induire une modification de prise en charge

Une attention accrue est portée à ce jour sur le TIMP2*IGFBP7 

(marqueur d’agression) et CCL14 (marqueur pronostic)



Etudes PrevAKI (?)

Zarbock et al. Anesthesia Analgesia 2021

Inclusion si NC >0.3

Traitement standard Bundle de prévention
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Qu’attendre des années à venir

De Vlieger et al. Intensive Care Med 2022



Mesure continue du DFG

Friedemann et al. Kidney International 2016



Réintroduire un peu de jugement clinique?

Sitbon et al. Annals of Intensive Care 2022
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Evaluer la fonction rénale en pratique 
1. Se fier aux marqueurs usuels de dysfonction rénale 

a- La créatinine témoigne de l’état du rein dans les dernières heures 

b- L’oligurie est le marqueur d’alerte  

2. Pour le moment je n’utilise aucun biomarqueur… 

3. Des avancées vont peut-être bouleverser notre façon de faire

4. Prenez en compte le contexte clinique 



Exemple des solutés de remplissage 

Pickering et al. Crit Care 2013



Thank you for your attention


