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AKI news (2020-2021)
The definition of AKI



Acute Kidney Injury and Severe SARS-COV2 Infection

Pikkers et al, ICM 2021



AKI news (2020-2021)
Severe SARS-COV2 Infection



Research timeline during COVID 19 outbreak

31 DEC 19              JAN 20             FEB 20                            MAR 20                              APR 20

China alerts 
WHO

Identification of 
new virus 
COVID 19

First 
epidemiological 

studies

Liver injury? AKI?



AKI and COVID19 in ICUOnline Sept, 2020
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Results

211 Patients

15% KDIGO 217% KDIGO 1

26% KDIGO 3

Within 7 days

3 
days

ADMISSION

Median 
time

54%

56% 22%

22%

DAY 28

RRT



26% KDIGO 3

Patients who developed KDIGO stage 3 AKI were more likely to have
chronic kidney disease, higher body mass index and higher SOFA score,
they received higher PEEP and they received nitric oxide therapy or
vasopressor supportmore frequently;



KDIGO 3 = 16%

KDIGO 3 = 15%



379 COVID-19 patients

25% with AKI stage 3

Invasive MV : OR: 4.83 [2.25–10.33]



Pathophysiology: SARS COV 2 direct effect

Acute kidney injury in critically ill patients with COVID-19, Gabarre and al, ICM, 2020



Pathophysiology: SARS COV 2 direct effect

Acute kidney injury in critically ill patients with COVID-19, Gabarre and al, ICM, 2020



Prévenir l’apparition ou l’aggravation de 
l’insuffisance rénale aiguë 

• limiter les hauts niveaux de PEEP
•ne pas être trop restrictif sur le remplissage vasculaire
• Eviter les médicaments néphrotoxiques



Eviter les médicaments néphrotoxiques

Crise COVID: le retour aux sources (des erreurs…..)

• « Ce traitement marche très bien ! J’ai soigné des dizaines de patients avec 
ce médicament dans mon service »

• « ça marche in-vitro ! »

• « C’est du bon sens ! »

• « Au pire ça ne pourra pas faire de mal »

• « Ce n’est pas éthique de faire des essais thérapeutiques randomisés en 
situation de crise sanitaire et d’urgence !!! »



Back to the 80’s

La ciclosporine dans le VIH

Tous les ingrédients de la catastrophe
• Urgence sanitaire
• Communication sans contrôle
• Intervention du politique
• Et finalement, Fraude…… 



Première vague: 
Utilisation de médicaments non-éprouvés….
• Lopinavir/Ritonavir
• Remdesivir
• Hydroxychloroquine…….

Eviter les médicaments néphrotoxiques



Effet des traitements anti-inflammatoires

• Dexamethasone ?
• Anti-IL6 ?



Effet des traitements anti-inflammatoires

Among patients who did not require KRT at randomization, those who received 
dexamethasone were less likely than those in the control group to receive KRT



Effet des traitements anti-inflammatoires



AKI news (2020-2021)
Renal Replacement Therapy



The RICH trial
Oct 2020



Circuit loss    Citrate > Heparin
Bleeding Citrate > Heparin
Mortality Citrate = Heparin 

2015

Rational 



Objective 

“Current evidence is derived from few (underpowered) trials and the clinical 
benefit of regional citrate anticoagulation on patient-centered outcomes

remains unclear”
patient-centered outcomes



Objective 

“Current evidence is derived from few (underpowered) trials and the clinical 
benefit of regional citrate anticoagulation on patient-centered outcomes

remains unclear”

RICH trial was conducted to test whether regional citrate anticoagulation 
prolongs dialysis filter life span and reduces 90-day-all-cause mortality in 

critically ill patients with AKI

patient-centered outcomes



Methods 

• Randomized, multicenter (26 centers in Germany), parallel-group clinical trial

• Adults with AKI who required KRT and who had at least 1 additional condition 
(severe sepsis, septic shock, vasopressor, refractory fluid overload)

• COPRIMARY OUTCOMES: Filter life span AND 90-day mortality

patient-centered outcomes



Methods 

• Randomized, multicenter (26 centers in Germany), parallel-group clinical trial

• Adults with AKI who required KRT and who had at least 1 additional condition 
(severe sepsis, septic shock, vasopressor, refractory fluid overload)

• COPRIMARY OUTCOMES: Filter life span AND 90-day mortality
Recruitment was stopped for significant effectiveness in term of filte

r 

life span and for futility in term of 90-day mortality

patient-centered outcomes







patient-centered outcomes



Secondary endpoints: NOT ADJUSTED FOR MULTIPLICITY

• Higher rate of new infections (68 vs 55%)
• Persistent kidney dysfunction after 90 days (28 vs 15%)

• More bleeding complications (5 vs 17%)



RRT timing in ICU



Absolute indications to start RRT
Life-threatening complications

• Refractory severe hyperkalemia

• Refractory severe metabolic acidosis (pH<7.15)

• Pulmonary edema resistant to diuretics

2012



What is the Wait and Watch approach ?

Postpone RRT in critically ill patients with severe 
AKI who have no life-threatening complication



2020



• 770 studies screened for eligibility
• 10 eligible RCTs
• Individual patient data from 9 RCTs

2020



• 770 studies screened for eligibility
• 10 eligible RCTs
• Individual patient data from 9 RCTs

1879 Patients

946 delayed strategy933 early strategy

2020



42% never received RRT in the 
delayed group

2020



• Mortality at days 60 and 90
• Duration of hospital stay
• RRT dependence at hospital discharge
• MV-free days 
• Vasopressor-free days
• Rate of adverse events

Secondary outcomes

No significant difference

2020



Ron Wald Sean Bagshaw

• Multicenter, International, RCT
• 165 hospitals in 15 countries
• 2927 adults ICU patients with severe AKI

2 arms
Accelerated approach (or early) of RRT initiation
Conservative strategy of initiation of RRT as guided by standard indications and clinical judgment



Primary outcome 
All-cause mortality Day 90



STARRT-AKI

In the context of severe AKI, and in the absence of life-threatening complications (refractory severe 
hyperkalemia, refractory severe metabolic acidosis or pulmonary edema resistant to diuretics), delaying 

RRT initiation is recommended 

High level of evidence



AKIKI ELAIN

2016
NEJM

2018
NEJM

2016
JAMA

IDEAL-ICU

2020
NEJM

STARRT-AKI
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Waiting time (in the 
delayed group)

57 h 20 h 44 h 31 h

% of patients who 
never received RRT 
in delayed group

50% 9% 38% 38%



The more you wait, the less you start RRT

Reducing RRT (ab)use may be helpful for 2 reasons  

Reducing the risk of 
Artificial Kidney-Induced Kidney Injury

Reducing the risk of 
Shortage of RRT for COVID-19 patients
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Early RRT strategy
Delayed RRT strategy p−value: <0.001

311 99 42 27 10

308 68 29 14 7

Adequate urine output with no need for RRT

Gaudry et al NEJM 2016

AKIKI

Reducing the risk of 
Artificial Kidney-Induced Kidney Injury



Early RRT

Delayed RRT
Urine output 

D1-D2

Urine output 
D1-D2

URINE OUTPUT    First 2 (D1-D2)

1881 ml

994 ml

p<0.0001



Early RRT

Delayed RRT
UF

D1-D2

UF
D1-D2

ULTRAFILTRATION First 2 days (D1-D2)

208 ml

795 ml

p<0.0001



Early RRT

Delayed RRT
Urine output 

D1-D2

UF
D1-D2

Urine output 
D1-D2

UF
D1-D2

ns



Emergence of a new concept

Artificial Kidney-Induced Kidney Injury (AKIKI)
and

Permissive hyper-uremia

Reducing the risk of 
Artificial Kidney-Induced Kidney Injury



RRT dependence after 90 days 
Early strategy: 10.4%  vs Delayed strategy: 6.0%

RR:1.74  (95% CI: 1.24 to 2.43)

STARRT-AKI

Confirmation of this concept

Artificial Kidney-Induced Kidney Injury

Reducing the risk of 
Artificial Kidney-Induced Kidney Injury



The more you wait, the less you start RRT

Reducing RRT (ab)use may be helpful for 2 reasons  

Reducing the risk of 
Artificial Kidney-Induced Kidney Injury

Reducing the risk of 
Shortage of RRT for COVID-19 patients



“An informal survey of our intensive care units

(ICUs) this week demonstrates that 20%–40% of intubated
ICU patients have AKI that necessitates KRT”

We initiated the use of acute peritoneal dialysis, a 

modality rarely used in American ICUs in recent years, to 

remove pressures from our CKRT supply

We must now highlight the possibility that before a 

deficiency of ventilators become  an issue in caring for 

patients with COVID-19, provision of KRT may face critical 

shortages.

Reducing the risk of 

Shortage of RRT for COVID-19 patients



AKIKI ELAIN IDEAL-ICU STARRT-AKI

Waiting time (hours) 57 20 44 31

Time difference of RRT initiation between strategies (hours)

The Artificial Kidney Initiation in Kidney Injury 2 (AKIKI 2)
A Multi-Centre, Randomized, Controlled Trial



Delayed Strategy Group

Pre-specified criteria

• Severe hyperkalemia 
potassium > 6 mmol/l, or > 5.5 mmol/l Despite medical treatment

• Severe acidosis (pH <7.15) 

• Acute pulmonary edema due to fluid overload
Responsible for severe hypoxemia

• Oliguria/Anuria >72 hours

• Serum urea concentration > 40mmol/l

AKIKI1



AKI stage 3 of KDIGO
MV and/or catecholamine

serum urea concentration >40 mmol/l 
and/or oliguria/anuria for more than 72 hours

RANDOMIZATION

“Delayed” RRT strategy “More-delayed” RRT strategy

RRT as quickly as possible after 
randomization

RRT only if a severity criteria or a 
serum urea concentration >50 mmol/l 

observed

Follow-up until D60 at least (after randomization)
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• RRT +
Recovery

• RRT +
• Severe hyperK
• Severe acidosis
• Severe pulmonary edema

• Renal recovery



Lancet 2021

5336 patients with AKI and who received or had 
received vasoactive agent and/or invasive 

mechanical ventilation

767 patients with AKI stage 3 of KDIGO
classification

4466 excluded:

1919 did not reach stage 3 of KDIGO classification
605 had immediate RRT indication
384 had severe chronic renal failure
304 had already received RRT for the current episode
108 had moribund state
288 had treatment limitation
253 had cardiac arrest without awakening
197 had AKI caused by urinary tract obstruction or 
renal vessel obstruction or tumour lysis syndrome or 
thrombotic microangiopathy or acute glomerulopathy 
175 had inclusion criteria already present for more than 
24 hours
74 had poisoning by a dialyzable agent
70 had renal transplant
60 had Class C liver cirrhosis
12 were under curatorship
17 were pregnant

103 were eligible but not followed 

278 randomised

137 randomly assigned to standard-
delayed RRT strategy

141 randomly assigned to more-delayed 
RRT strategy

127 received RRT because of 
urgent indication (before reaching 

randomisation criteria)

278 included in the intention-to-treat analysis

352 did not reach randomization
criteria and did not receive RRT

10 were erroneously included



Primary endpoint

The median number of RRT-free days was 12 days (IQR 0-25) 
in the delayed strategy and 10 days (IQR 0-24) in the more-

delayed strategy (p=0.93)





Odds ratio for death at 60 days
2.16 (95% CI, 1·17 – 4·01, p=0·014) 

with more-delayed versus delayed strategy

Prespecified multivariate analysis



To summarize the AKIKI 2 trial

Wait and see approach 

Yes but not too long



Acute kidney injury (AKI) in ICU 
(context of multiple organ failure)

Severity of AKI 
> KDIGO 2 stage

Potential severe complication

Hyperkalemia Severe metabolic 
acidosis (pH<7.20)

Sodium Bicarbonate 
No RRT indication if 

efficient

Urgent indication for RRT initiation

Refractory severe 
metabolic acidosis

Severe pulmonary 
edema 

(fluid overload)

Diuretic therapy
No RRT indication if 

efficient

Refractory severe 
pulmonary edema

Hyper-uremia
>40 mmol/L ?

Neurological symptoms 
suggesting uremic 
encephalopathy

AKIKI IDEAL-ICU

ELAIN

BICAR-ICU

YESNO

No RRT
indication

Medical treatment
No RRT indication if 

efficient
STARRT-AKI

Life-threatening 
Hyperkalemia

AKIKI 2

Persistant AKI 
for more than 72 h

AKIKI 2

STARRT-AKI



AKI news (2020-2021)
AKI and fluids



The KOMPAS trial
February 2020

• No prehydration: 3.0%
• Sodium Bicarbonate prehydration: 3.5%
Mean difference 0.5; 95% CI -1.3 to 2.3; p <0.001 for noninferiority

Mean relative increase (percentage) in serum creatinine level 2 to 5 days



The FLASH trial
January 2020



Ø But, HES increase risk of death and AKI in critically ill patients (US-FDA 2013)

Rational

Ø HES have hypothetical ability to provide faster hemodynamic stabilization during acute hypovolemia

osmotic-nephrosis-like lesions 

ØHowever, no data from surgical patients 



• Double-blind, RCT 
• 20 French University hospital
• Inclusion criteria

Ø Adults patients admitted for elective or non elective surgery
Ø Anticipated duration >2 hours
Ø Intermediate to high risk of developing post-op complication





Composite outcome at 14 days:
ØDeath
ØMajor postoperative complications

• AKI stage 1
• Acute respiratory failure
• Acute heart failure
• Major sepsis complication
• Unplanned reoperation

Primary outcome



Primary outcome



Secondary and exploratory kidney outcomes

HES Saline RR (95%CI) p
Kidney dysfunction up to day 14 22% 16% 1.34 (1.00-1.80) 0.05

AKI up to day 28 23% 17% 1.36 (1.02-1.82) 0.04



• Ineffective
• Nephrotoxic
• Expensive

No place for this therapeutic agent

HES in the ICU or in the operative room



AKI news (2020-2021)
What is the future ?





Thadhani R et al, N Engl J Med 1996

« The severely
damaged kidney
can completely

restore its
structure and 

function »

RESTITUTIO AD INTEGRUM

What did we think 20 years ago?



Tubular necrosis repair processes 
begin within the first 24 hours

There is probably a place for therapeutic intervention in ICU



Humphreys BD, Cell Stem Cell 2008

The surviving tubular epithelium is in charge of the repair



The repair cells were also victims of the first 
aggression and they are the sites of abnormalities of 

the cell cycle which have a pro-fibrotic effect 



Acute Tubular Necrosis does not always resolve ad integrum

Thadhani R et al. N Engl J Med 1996
Chawla LS et al. N Engl J Med 2014

« Maladaptative repair »

What do we think now?



In 2016, Samir Parikh's team emphasized the 
importance of the metabolic pathway of 

Nicotinamide Adenine Dinucleotide (NAD) in this 
renal recovery process 



B3 repletes pathogenic NAD+ deficiency in AKI

HEALTH
• HIGH NAD+ state
• Efficient fuelàATP
• Resilient tubules

AKI
• LOW NAD+ state
• Toxic fat buildup
• Dying tubules

Inflammation
Ischemia

Renal toxins

NAD+

Vitamin B3
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LETTER RESEARCH

The present results identify PGC1α as a pivotal mediator of renal 
resistance to acute stressors. By linking oxidative metabolism in the 
epithelium to overall organ function, the proposed pathway provides 
new insight into an old observation, namely the exquisite sensitivity 
of the kidney to ischaemia and other insults. More fundamentally, the 
results implicate NAD biosynthesis as a coordinately regulated target 
of PGC1α, a mechanism that may contribute to the PGC1α-dependent 
stress resistance previously observed across several metabolically active 
organs7–11.

NAD has long been recognized for its central role in energy metab-
olism, with recent work demonstrating that NAD is rate-limiting for 
mitochondrial function16. NAD augmentation appears to restore 
youthful mitochondrial function and reverse age-related declines in 
health17. In contrast, NAD depletion has been described as a feature 
of diabetes18. Since diabetes and ageing are two of the most prevalent 
predispositions for AKI, the present results motivate interest in whether 
local NAD concentration may provide a set point for resistance to acute 
renal stressors. NAD may also be important for the gradual decline of 
kidney function with normal ageing.

That an even larger set of known AKI risk factors—including dia-
betes, but also chronic kidney disease (Extended Data Fig. 8g, h), 
sepsis, and warm ischaemia—is associated with reduction of PGC1α7 
further attests to the potential relevance of the results to human dis-
ease. Experiments targeting mitochondrial biogenesis through a 
drug-screening approach offer additional promise for this avenue 
in AKI19. Since AKI has been associated with death in critically ill 
patients1, that excess renal PGC1α improves survival after AKI high-
lights the importance of the kidney to overall health. Downstream of 
PGC1α, NAM may not only be an effective preventative agent, but also 
a potential therapy for established AKI, a set of diseases for which no 
drug has yet been identified.

PGC1α in skeletal muscle has been shown to exert extracellular 
effects, whether through the myokine irisin, metabolites such as 
kynurenine, or the angiogenic factor VEGF8,9,20. By comparison, the 
present results show that renal tubular PGC1α communicates with 
neighbouring cells at least through PGE2. Therapeutic manipula-
tion of renal β-OHB may constitute one means of increasing PGE2. 
PGE2 is a well-recognized vasodilator in the kidney, but may also be 
exerting cytoprotective effects in AKI (reviewed in ref. 21), actions 
that have been demonstrated in multiple animal models and even  
humans22–24.

We observed enhanced renal function, vascular relaxation, and 
increased perfusion at baseline as a result of excess PGC1α in the 
epithelial compartment of the kidney in the iNephPGC1α model 
(Extended Data Fig. 9a–j), physiological features that would be con-
sistent with functional responses of the local vasculature to the excess 
renal PGE2 present in this model. However, we also asked whether 
VEGF was regulated by renal PGC1α as such features could also arise 
from increased vascularization (Extended Data Fig. 9k–m). PGC1α−/− 
mice showed no decrement in renal VEGF and iNephPGC1α mice 
displayed only modest induction versus their respective controls. This 
strongly contrasts with VEGF induction by skeletal muscle PGC1α8, 
suggesting the presence of cell-specific modulators of PGC1α function 
such as ERRα, which is notably more abundant in skeletal muscle than 
kidney (http://www.biogps.org).

Our results suggest several avenues for future investigation. First, 
the coordinated regulation of NAD biosynthesis by PGC1α may 
occur in other cells and organs, particularly under stress conditions. 
Of the major biosynthetic routes to NAD—de novo from amino acids, 
the Preiss–Handler pathway from niacin, and salvage from NAM via 
NAMPT—the action of PGC1α on each will require careful dissection 
as this may vary depending on cell type and condition. The tran-
scription factor(s) with which PGC1α interacts to induce the de novo 
pathway are of substantial interest. Since ischaemia did not reduce 
renal NAMPT (Extended Data Fig. 10), the salvage pathway may be 
a viable therapeutic route. Second, the rapid reduction of NAD dur-
ing AKI may also relate to its already short half-life25 as well as the 
action of NAD-consuming enzymes such as PARPs, nucleotidases, 
and sirtuins, all of which have been implicated in this condition26–28. 
Third, NAD’s emerging role as a guardian against age-related decline 
in health and mitochondrial function17 suggests that therapeutic 
manipulation of NAM and NAD may have implications beyond AKI. 
For example, NAMPT agonism protects against experimental neu-
ronal injury29, and inhibition of urinary NAM disposal (by blocking 
N-methylation) prevents experimental obesity30. Finally, the link 
from mitochondrial metabolism to renoprotective prostaglandins 
unites two major avenues of mechanistic investigation in AKI, but 
other mediators and downstream effectors for renal PGC1α may  
also exist.

In summary, the present work applies complementary discovery 
approaches to identify a new pathway by which parenchymal PGC1α 
affects NAD to protect against renal injury. The results may also have 
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Figure 4 | PGC1α effectors, NAM as therapy, and PGC1α in human 
AKI. a, Serum creatinine in iNephPGC1α mice 24 h after IRI with  
vehicle versus mepenzolate (MPN, 10 mg kg−1 intraperitoneal) treatment 
(n = 6 per group). b, Serum creatinine in iNephPGC1α mice 24 h after 
IRI with vehicle versus indomethacin (INDO, 10 mg kg−1 intraperitoneal) 
treatment (n = 6 per group). c, Serial serum creatinines in mice receiving  
a single dose of NAM (400 mg kg−1 intraperitoneal) 18 h after the  
onset of reperfusion, that is, with established AKI. Analysed by  
ANOVA (n = 5 per group). d, Serial serum creatinines after cisplatin  

(25 mg kg−1 intraperitoneal administered on day 0) with or without 
NAM (400 mg kg−1 intraperitoneal on day −1 and day 0). Analysed with 
Bonferroni-corrected ANOVA (n = 5 per group). e, Relative renal NAM 
from d. f, g, Representative immunostaining (brown) for PGC1α from 
control human kidney and a renal biopsy for AKI. Scale bars, 50 µm.  
h, PGC1α immunostaining intensity (1, weakest; 4, strongest). Each dot 
represents a unique specimen. Analysed by Mann–Whitney U-test.  
Error bars, s.e.m.; *P < 0.05, **P < 0.01, ****P < 0.0001.

© 2016 Macmillan Publishers Limited. All rights reserved
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PGC1α drives NAD biosynthesis linking oxidative 
metabolism to renal protection
Mei T. Tran1,2, Zsuzsanna K. Zsengeller1,2,3, Anders H. Berg3,4, Eliyahu V. Khankin1,2, Manoj K. Bhasin2,5, Wondong Kim6, 
Clary B. Clish7, Isaac E. Stillman4, S. Ananth Karumanchi1,2,8, Eugene P. Rhee6,7 & Samir M. Parikh1,2

The energetic burden of continuously concentrating solutes 
against gradients along the tubule may render the kidney especially 
vulnerable to ischaemia. Acute kidney injury (AKI) affects 3% of 
all hospitalized patients1,2. Here we show that the mitochondrial 
biogenesis regulator, PGC1α3,4, is a pivotal determinant of 
renal recovery from injury by regulating nicotinamide adenine 
dinucleotide (NAD) biosynthesis. Following renal ischaemia, 
Pgc1α−/− (also known as Ppargc1a−/−) mice develop local 
deficiency of the NAD precursor niacinamide (NAM, also known 
as nicotinamide), marked fat accumulation, and failure to re-
establish normal function. Notably, exogenous NAM improves local 
NAD levels, fat accumulation, and renal function in post-ischaemic 
Pgc1α−/− mice. Inducible tubular transgenic mice (iNephPGC1α) 
recapitulate the effects of NAM supplementation, including more 
local NAD and less fat accumulation with better renal function 
after ischaemia. PGC1α coordinately upregulates the enzymes 
that synthesize NAD de novo from amino acids whereas PGC1α 
deficiency or AKI attenuates the de novo pathway. NAM enhances 
NAD via the enzyme NAMPT and augments production of the 
fat breakdown product β-hydroxybutyrate, leading to increased 
production of prostaglandin PGE2 (ref. 5), a secreted autacoid that 
maintains renal function. NAM treatment reverses established 
ischaemic AKI and also prevented AKI in an unrelated toxic 
model. Inhibition of β-hydroxybutyrate signalling or prostaglandin 
production similarly abolishes PGC1α-dependent renoprotection. 
Given the importance of mitochondrial health in ageing and the 
function of metabolically active organs, the results implicate NAM 
and NAD as key effectors for achieving PGC1α-dependent stress 
resistance.

The mature renal tubule returns ∼140 l per day of filtered plasma 
water back to the circulation by establishing energy-intensive electro-
chemical gradients between the filtrate and vasculature. The kidney is 
only second to the heart in mitochondrial abundance6. We hypothe-
sized that PGC1α (peroxisome proliferator activated receptor gamma 
co-activator-1-α), enriched in renal tubules and important for stress 
resistance in the brain, heart and other metabolically active organs4,7–11,  
regulates oxidative metabolism in the epithelium to affect overall  
kidney health.

Hans Krebs identified acylglycerols as a major renal fuel12. Following 
transient local ischaemia, renal function worsened, PGC1α expres-
sion declined, tubular mitochondria swelled, and a pronounced 
accumulation of acylglycerols developed in tubules (P < 0.0001,  
Fig. 1a–e, Extended Data Fig. 1a–c). The fidelity of serum creatinine 
was confirmed by comparison to cystatin C and inulin clearance 
(Extended Data Fig. 1d–f). Pgc1α−/− mice experienced worse renal 
function, greater fat accumulation, and more tubular injury following 

ischaemia (Fig. 1f, Extended Data Fig. 2a–g). To define pathways spe-
cific to PGC1α altered by ischaemia, we examined metabolite profiles. 
Comparing sham with post-ischaemic kidneys yielded six differen-
tially abundant metabolites; comparing uninjured Pgc1α−/− to wild-
type littermate kidneys yielded 11. Four were shared between settings, 

1Division of Nephrology and Department of Medicine, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts 02215, USA. 2Center for Vascular Biology 
Research, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts 02215, USA. 3Division of Clinical Chemistry, Beth Israel Deaconess Medical Center and 
Harvard Medical School, Boston, Massachusetts 02215, USA. 4Department of Pathology, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts 02215, USA.  
5Bioinformatics and Systems Biology Core, Beth Israel Deaconess Medical Center and Harvard Medical School, Boston, Massachusetts 02215, USA. 6Nephrology and Endocrine Divisions, 
Massachusetts General Hospital and Harvard Medical School, Boston, Massachusetts 02114, USA. 7Broad Institute of MIT and Harvard, Cambridge, Massachusetts 02139, USA. 8Howard Hughes 
Medical Institute, Chevy Chase, Maryland 20815, USA.
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Figure 1 | NAM supplementation restores normal post-ischaemic 
response in Pgc1α−/− mice. a, b, Pre-ischaemic normal morphology (a) 
and swollen mitochondria (b) inside tubular cells 24 h after ischaemia-
reperfusion injury (IRI). Scale bars, 200 nm. c, Renal di-/tri-acylglycerols 
(DAGs, TAGs) 24 h following sham or IRI (n = 6 per group). P value 
determined by ANOVA. d, e, Oil-Red-O staining (pink) for fat in normal 
and post-ischaemic kidneys. Scale bars, 20 µm. f, Serum creatinine in 
wild-type (WT) versus Pgc1α−/− (KO) mice (basal, n = 7 per group; post-
ischaemia, n = 18 per group). g, h, Volcano plots of kidney metabolites 
from knockout versus wild type or IRI versus sham (univariate P < 0.05 
for coloured dots, n = 6 per group). i, Serum creatinine in post-ischaemic 
wild-type versus knockout mice treated with vehicle (Veh., n = 5) versus 
NAM (n = 9). Error bars, s.e.m.; *P < 0.05, **P < 0.01.
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Exogenous NAM improved local NAD level and renal function in post-ischemic PG1 alpha -/- mice



In 2018, the same team showed that during an AKI episode, 
tissue NAD synthesis decreases profoundly, and that 

nicotinamide intake protects from AKI after cardiac surgery 



Mehr AP et al., Nat Med 2018
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Is there any subpopulation of patients in ICU which could 
benefit from early or delayed RRT strategy ?

But
The conventional subgroup analyses performed “one variable at a time” fail to convey 

meaningful results as they cannot fully capture all the relevant 
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Let’s move to precision medicine



Sarah
59 yo
Diabetes mellitus
Insulin
LVEF 50%
Creatinine clearance 50ml/min
Left main coronary artery disease

Donald
69 yo
Diabetes mellitus
No insulin
LVEF 45%
Creatinine clearance 40ml/min
Three vessel artery disease

An example:
Should treatment always be the same for coronary artery disease?



Patients “previously untreated three-vessel coronary 
disease and those with left main coronary artery disease”

Intervention “Percutaneous Coronary Intervention (PCI)”

Control “Coronary-Artery Bypass Grafting  (CABG)”

Primary Outcome major adverse cardiac or 
cerebrovascular event (MACCE)

Conclusion: CABG remains the standard of care for patients with three-vessel or left main coronary artery disease, 
since the use of CABG, as compared with PCI, resulted in lower rates of the combined end point of major adverse 

cardiac or cerebrovascular events at 1 year





Sarah
59 yo
Diabetes mellitus
Insulin
LVEF 50%
Creatinine clearance 50ml/min
Left main coronary artery disease

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.

Treatment Effect Modeling: example

https://syntaxscore2020.com/


https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.

‘individualized’ ARR=2.5%
for MACCE

‘individualized’ ARR=2.8%
for 10 years mortality

If we trust the tool, it seems PCI does better for Sarah!

Treatment Effect Modeling: example

Sarah
59 yo
Diabetes mellitus
Insulin
LVEF 50%
Creatinine clearance 50ml/min
Left main coronary artery disease

https://syntaxscore2020.com/


Donald
69 yo
Diabetes mellitus
No insulin
LVEF 45%
Creatinine clearance 40ml/min
Three vessel artery disease

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.

Treatment Effect Modeling: example

https://syntaxscore2020.com/


Donald
69 yo
Diabetes mellitus
No insulin
LVEF 45%
Creatinine clearance 40ml/min
Three vessel artery disease

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.

‘individualized’ ARR=-25.5%
for MACE

‘individualized’ ARR=-26.7%
for 10 years mortality

If we trust the tool, it seems CABG does better for Donald!

Treatment Effect Modeling: example

https://syntaxscore2020.com/


Could we do the same with the RRT initiation strategies ?



Could we do the same with the RRT initiation strategies ?

YES !!!!

We will use data from AKIKI and IDEAL-ICU to develop a risk prediction model for RRT 
initiation within 48 hours after the start of a delayed strategy and then estimate 

treatments effects within levels of predicted risks



Insuffisance rénale aiguë
Actualités en réanimation 2020-2021 Merci


