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* Which vasopressor to improve renal outcomes?
* Vitamin B3 for renal protection ?
* How to personalize RRT initiation ?

e RRT modalities: what’s new ?




Which vasopressor to improve renal

outcomes?



To answer the question, we need to understand the
pathophysiological mechanismsavolved in acute kidney
iInjury and distributive shock




REVIEW ARTICLE

MECHANISMS OF DISEASE

Acute Renal Failure and Sepsis

Robert W. Schrier, M.D,, and Wei Wang, M.D

20 years ago......

Induction of nitric oxide synthase

Endotoxin model
Hypodynamic systemic circulation
* Low cardiac output
* Renal vasoconstriction

Renal Blood
Flow (RBF)

decrease

Arterial underfilling and
baroreceptor activation

Bacteremia and endotoxemia

,

l

Renal vasoconstn ion with
sodium and wat rFtentlon

Increased RAAS
Nitric oxide—mediated

arterial vasodilatation Increased arglmne

vasopressin

1 Increased sympathetlc tone

Cardioregulatory center
of the central nervous system




ﬂ Types of shock

(A
62%

Arterial hypotension

REVIEW ARTICLE Distributive (septic)

[ Absent J{-— Signs of tissue hypoperfusion _.){ Present

CRITICAL CARE MEDICINE -
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output is high, although it may be
low as a result of associated
myocardial depression”
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Haemodynamic measurements in conscious sheep

inravenous
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*Systoic, diastolic, mean arterial pressure

Central venous pressure

«Cardac output, heart rate, stroke volume
maximum aortic flow, dF/dt

*Regional flows and conductances

surinary flow




Example of induction of expenmental Gram negative sepsis: hemodynamics

MAP-SC
e HR-SC
e CO-SC

severe oliguria/anuria (AKI)




Global renal blood flow Renal vasodilation !!
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Renal blood flow in experimental septic acute renal 48 h Ours se ptl C AKI mo d e l

failure
C Langenberg', L Wan’, M Egi’, CN May” and R Bellomo?

[ : 17.5 - Sepsi
: epsis
: 1000 - 1T lEa 15.0 ——— Baseline Wy
I g 800‘
I £ 600
[ 1 s
I N
I & 4007
1~ ;
| 2004 ;
I 04 T T T T 0.0 + T T T T
1
| -12 0 12 24 36 48 -12 0 12 24 36 48
I Time (h) i Time (h)
Q 500_ . 7_‘ ﬁt:t
2 400 5
3 g 5 ’ LA R N RERRRERRE AW
2 300 - E4 T
= 200 g3
S 2
o 100" 1
04 0




How to explain that renal blood flow is dissociated from

glomerular filtration rate ?




How to explain that renal blood flow is dissociated from

glomerular filtration rate ?

Afferent arteriola vasodilation (+) and efferent arteriola vasodilation (+++)

Afferent arteriole Efferent arteriole

1 RBF

Glomerulus

JPsc
J GFR

Picod et al., Ann Intensive Care 2024



How to explain that renal blood flow is dissociated from

glomerular filtration rate ?

Afferent arteriola vasodilation (+) and efferent arteriola vasodilation (+++)

Afferent arteriole Efferent arteriole

1 RBF

Efferent vasoconétrictors should improve
GFR in AKI associated with distributive shock

%

Picod et al., Ann Intensive Care 2024



Afferent Efferent

vasoconstriction | vasoconstriction

Norepinephrine + T

Vasopressin + T

Angiotensin |l g +F

Edwards etal., Am J Physiol 1983
Edwards etal., Am J Physiol 1989
Denton etal., Am J Physiol 2000



Vasopressors: the choice

Norepinephrine

Vasopressin

Angiotensin Il



basic research www.kidney-international.org

Norepinephrine

Intrarenal and urinary oxygenation during @"“‘“‘““"
norepinephrine resuscitation in ovine septic
acute kidney injury

Yugeesh R. Lankadeva', Junko Kosaka', Roger G. Evans®, Simon R. Bailey”, Rinaldo Bellomo™ and
Clive N. May
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Vasopressors: the choice

Norepinephrine

Vasopressin

Angiotensin Il



. - . . Vasopressin
Vasopressin deficiency in septic shock

ARTICLE

Vasopressin Deficiency Contributes to the Vasodilation of
Septic Shock

Donald W. Landry, Howard R. Levin, Ellen M. Gallant, Robert C. Ashton, Susan Seo,
David D'Alessandro, Mehmet C. Oz, and Juan A. Oliver
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Landry et al., Circulation 1997



Vasopressin

Vasopressin deficiency In septic shock

ARTICLE

Vasopressin Deficiency Contributes to the Vasodilation of Circulating vasopressin levels in septic shock
Septic Shock

Tarek Sharshar, MD; Anne Blanchard, MD, PhD; Miche! Paillard, MD; Jean Claude Raphael, MD;

Donald W. Landry, Howard R. Levin, Ellen M. Gallant, Robert C. Ashton, Susan Seo, Phi]ippe Gajdos. MD; Dji||a|i Annane, MD' PhD
David D'Alessandro, Mehmet C. Oz, and Juan A. Oliver
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The NEW ENGLAN D
JOURNAL o MEDICINE

FERRUARY 28, 2008

Vasopressin versus Norepinephrine Infusion
in Patients with Septic Shock

Septic shock with = 5pug/min
norepinephrine

Randomization:
* Vasopressin (0.01 to 0.03
U/min)
* vs norepinephrine

N=778

Vasopressin

VASST trial
NEJM 2008

1.0_] :
0.9 P=0.27 P=0.10
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0 10 20 30 40 50 60 70 80 90
Days since Initiation of the Study Drug
No. at Risk
Vasopressin 397 301 272 249 240 234 232 230 226 220

Norepinephrine 382

289 247 230 212 205 200 194 193 191



ORIGINAL ARTI

AJRCCM

Identification of Acute Kidney Injury Subphenotypes with Differing
Molecular Signatures and Responses to Vasopressin Therapy

Pavan K. Bhatraju', Leila R. Zelnick®, Jerald Herting®, Ronit Katz*, Carmen Mikacenic', Susanna Kosamo',
Eric D. Momell’, Cassianne Robinson-Cohen?, Carolyn S. Calfee®®®, Jason D. Christie”™, Kathleen D. Liu®'?,

Michael A. Matthay®
Keith R. Wi

5 wWilliam O. Hahn'", Victoria Dmyterko', Natalie S. J. Slivinski'?, Jim A. Russell"™'¢,
13.% David C. Christiani'®'®"'7, W. Conrad Liles'®, Jonathan Himmelfarb®, and Mark M. Wurfel'?

Discovery

Identification of AKIsubphenotypes

classification model was applied t

patients with AKI in VASST

Latent Class Analysis Variables

 Ang-2/Ang-1

STNFR-1

Ang-2

sFas

sVCAM

IL-6

Vasopressin

Personnalization of vasopressor selection

Serum Creatinine

Vasopressors

IL-8

G-CSF
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Mechanical Ventilation
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Pneumonia

WBC
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Body Mass Index

Caucasian

Age
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Surgery
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Urinary Tract Infection

Urine Output
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Platelets

Sodium Bicarbonate

Ang-1

Replication

Ang-2/Ang-1
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Ang-2

IL-8

IL-6

G-CSF

Vasopressors
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Identification of Acute Kidney Injury Subphenotypes with Differing Va S O p re S S I n
Molecular Signatures and Responses to Vasopressin Therapy

Pavan K. Bhatraju', Leila R. Zelnick®, Jerald Herting®, Ronit Katz*, Carmen Mikacenic', Susanna Kosamo',
Eric D. Momell’, Cassianne Robinson-Cohen?, Carolyn S. Calfes®®®, Jason D, Christie™®, Kathleen D. Liu®'?,
Michael A. Matthay®"€, William Q. Hahn'", Victoria Dmyterko', Natalie S. J. Slivinski'?, Jim A. Russell'® "¢,
Keith R. Walley'®'*, David C. Christiani'®'®"", W. Conrad Liles'®, Jonathan Himmelfarb®, and Mark M. Wurfel'?

( AKI-SP1 ) AKI-SP2
RR

Norepinephrine Vasopressin RR (95% CI)f P Value Norepinephrine Vasopressin (95% CI)t P Value

Clinical outcomes

7-d renal 24 (46) 23(38)  0.80 (0.51-1.25)  0.32 44 (63) 44 (56)  0.99(0.76-1.30) 0.96
30 (43) 31 (40) 1.03(0.68-1.55) 0.88
34 (49) 35 (45) 099 (0.70-1.42)  0.99

Identification of AKIsubphenotypescould improve risk prognostication and may bé

useful for predictive enrichment in clinical trials.



JAMA | Original Investigation .
Effect of Early Vasopressin vs Norepinephrine on Kidney Vasopressin

Failure in Patients With Septic Shock

: .. : 2016
The VANISH Randomized Clinical Trial
Anthony C. Gordon, MD; Alexina J. Mason, PhD; Neeraja Thirunavukkarasu, M5c; Gavin D. Perkins, MD; Maurizio Cecconi, MD;
Magda Cepkova, MD; David G. Pogson, MB BCh; Hollmann D. Aya, MD; Aisha Anjum, BSc; Gregory J. Frazier, MSc;
Shalini Santhakumaran, MSc; Deborah Ashby, PhD; Stephen J. Brett, MD; for the VANISH Investigators
* Septic shock requiring vasopressors [R] iru resiine [5] trine ot
3- 4000

* Randomization:
U Vasopressin (0.01to 0.06 U/min)
U vs norepinephrine
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JAMA | Original Investigation .
Effect of Early Vasopressin vs Norepinephrine on Kidney Vasopressin

Failure in Patients With Septic Shock
The VANISH Randomized Clinical Trial

Anthony C. Gordon, MD; Alexina J. Mason, PhD; Neeraja Thirunavukkarasu, MSc; Gavin D. Perkins, MD; Maurizio Cecconi, MD;
Magda Cepkova, MD; David G. Pogson, MB BCh; Hollmann D. Aya, MD; Aisha Anjum, BSc; Gregory J. Frazier, MSc;
Shalini Santhakumaran, MSc; Deborah Ashby, PhD; Stephen J. Brett, MD; for the VANISH Investigators

2016

There was less use of RRT In the vasopressin group  than in the
norepinephrine group (25.4% for vasopressin vs 35.3%for
norepinephrine; di fference, 1T9.09




Vasopressin versus Norepinephrine in Patients with

Vasoplegic Shock after Cardiac Surgery

The VANCS Randomized Controlled Trial

* Vasodilatory shock after
cardiac surgery requiring
Vasopressors

* Randomization:
U Vasopressin (0.01to 0.06 U/min)
U vsnorepinephrine

* N=330

Table 2. Primary and Secondary Outcomes in the Two Groups

Vasopressin

primary endpoint

composite of mortality or severe

complications

14

Unadjusted Odds
Ratio or Hazard
Ratio or Between-

Adjusted” Odds
Ratio or Hazard
Ratio or Between-

Norepinephrine Vasopressin group Difference group Difference
Variable (n=151) (n=149) (95% CI) P Value (95%Cl) P Value
| Primary outcome, n (%) 74 (49.0) 48 (32.2) 0.55 (0.38 to 0.80) 0.0014  0.52 (0.36 t0 0.75) 0.0005

30-d mortality 24 (15.9) 23(15.4) 0.99 (0.56 to 1.76) 0.98 1.11 (0.62 to 1.96) 0.73
MV > 48 h 13 (8.6) 8(5.4) 0.62 (0.26 to 1.49) 0.28 0.62 (0.26 to 1.51) 0.30
Sternal wound infection 15 (9.9) 7 (4.7) 0.46 (0.19 t0 1.13) 0.09 0.48 (0.19 t0 1.18) 0.11
Reoperation 10 (6.6) 10(6.7) 0.8 (0.52 to 1.23) 0.31 0.79 (0.51 to0 1.22) 0.28
Stroke 4 (2.6) 4(2.7) 1.03 (0.26 to 4.11) 0.97 1.08 (0.27 to 4.39) 0.91
Acute renal failure 54 (35.8) 15(10.3) 0.26 (0.15t0 0.46) <0.0001  0.26 (0.15t0 0.46) < 0.0001 |

Secondary outcomes, n (%)
Infection 23 (15.2) 16 (10.7) 0.67 (0.34 to 1.33) 0.25 0.71 (0.35t0 1.42) 0.33
Septic shock 13 (8.6) 9(6.0) 0.68 (0.28 to 1.65) 0.40 0.73 (0.3 to 1.81) 0.50
Atrial fibrillation 124 (82.1) 95 (63.8) 0.38 (0.22 to 0.65) 0.0004 0.37 (0.22 to 0.64) 0.0004
Ventricular arrhythmias 32 (21.2) 27 (18.1) 0.82 (0.46 to 1.46) 0.50 0.8 (0.45 t0 1.43) 0.45

Length of ICU stay (d), 6(4t09) 5(@to7) -2.42 (-4.11to 0.0050 -2.28(-3.94to 0.0071
median (IQR) -0.73) -0.62)

Length of hospital stay (d), 13 (10 to 20) 10(8to12) -3.76(-6.1to 0.0016 -3.66 (-6.01 to 0.0022
median (IQR) -1.42) -1.32)

Hajjar et al., Anesthesiology 2017



Vasopressin

SYSTEMATIC REVIEW
®

Vasopressin in septic shock: an individual IPDMA
patient data meta-analysis of randomised
I « VASST
controlled trials IV Ml
1453 patients | *  VANCSII
* Dunseretal.
tSI;UdY (c) Requirement for RRT RA (95% C) !\E/:as'c‘:;esaln Ec:::r:] :etgm
U NO effeCt On 28_day mortality VASST i 0.96 (0.80, 1.15) 148/397 148/381 61.25
RR [0.86_1 .1 2] VANISH —.— 0.72 (0.53, 0.97) 52/205 72/204 2927
U Vasopressin reduced the requirement for RRT VANCS I - 059(028,125) 10125 1z ese
RR 0.86 [0.74'0.99] Dunser et al. —.—r—— 0.73 (0.39, 1.35) 58 67 2.60
Overall (-squared = 27,0%, p = 0.250) O 0.86 (0.74, 0.89) 215/735 243/717  100.00

Nagendran et al., Intensive Care Med 2019



JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Optimal Vasopressin Initiation in Septic Shock
The OVISS Reinforcement Learning Study

Alexandre Kalimouttou, MD; Jason N. Kennedy, MS; Jean Feng, PhD; Harvineet Singh, PhD; Suchi Saria, PhD;
Derek C. Angus, MD, MPH; Christopher W. Seymour, MD, MSc; Romain Pirracchio, MD, MPH, PhD

499596 Admissions in 4 datasets
(232 hospitals from 2008-2023)

482366 Excluded
475881 Not in septic shock or
> younger than 18 y
4391 No laboratory values
2094 Repeated septic shock

A\

14453 Unique patients in septic shock

Y Y
3608 Included in derivation cohort 10845 Included in validation cohort
2979 In training set from UCSF dataset 6251 In external validation set from UPMC dataset
629 In test set from UCSF dataset 3056 In external validation set from MIMIC-1V dataset

910 In external validation set from elCU-CRD dataset
628 In internal validation set from UCSF dataset



JAMA | Original Investigation | CARING FOR THE CRITICALLY ILL PATIENT

Optimal Vasopressin Initiation in Septic Shock
The OVISS Reinforcement Learning Study

Alexandre Kalimouttou, MD; Jason N. Kennedy, MS; Jean Feng, PhD; Harvineet Singh, PhD; Suchi Saria, PhD;
Derek C. Angus, MD, MPH; Christopher W. Seymour, MD, MSc; Romain Pirracchio, MD, MPH, PhD

CONCLUSIONS AND RELEVANCE In adult patients with septic shock receiving norepinephrine,
the use of vasopressin was variable. A reinforcement learning model developed and validated
in several observational datasets recommended more frequent and earlier use of vasopressin
than average care patterns and was associated with reduced mortality.

OR for adjusted in-hospital mortality
(logarithmic scale)

4 -
3] Standard error method
[ ] sandwich [l Standard
2 =
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.| /l /
N \
0.5
03 ==y T v
Overall MIMIC-IV elCU-CRD

5

1
| —
\
UPMC Serum Norepinephrine MAP
lactate dose <65 mm Hg
>4 mmol/L >0.7 pg/ka/min 12h
after shock

Vasopressin initiated per the
reinforcement learning rule

Vasopressin initiated per the
simple clinical rule



Vasopressin

There arearguments to suggest that vasopressin improves renal outcomes
but there isstill no RCThat demonstrates a positive effect




Vasopressors: the choice

Norepinephrine

Vasopressin

Angiotensin Il



Angiotensin Il deficiency In septic shock
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Picod et al., Ann Intensive Care 2024



Research - =
Angiotensin Il in experimental hyperdynamic sepsis Angl otensin |

Li Wan1.23.4_ Christoph Langenberg?, Rinaldo Bellomo22 and Clive N May?
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Research

Angiotensin |l in experimental hyperdynamic sepsis
Li Wan1.23.4_ Christoph Langenberg?, Rinaldo Bellomo23 and Clive N May?
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The NEW ENGLAND ATHOS 3 Trial An iotensin “
JOURNAL o MEDICINE g

AUGUST 3, 2017

Angiotensin II for the Treatment of Vasodilatory Shock * Vasodilatory shock with = 0.2ug/kg/min norepinephrine-
,;.:9. »i.::a anni, M.D., Shane W. English, M.D., Xueyuan 5. Wang, M.D., Kealy Ham ,\ D, James Tumlin, M. D eqU|Va lent

Seerlip, MDD, Laurence W, Busse, M.D., Laith Altaweel M.D | Timothy E. Albertson, MO M P H., PhD
P - koa ' N \ galde M5 . .

* Randomization: Ang Il (20 to 200 ng/kg/min) vs placebo

Angiotensin | Placebo Odds or Hazard
End Point (N=163) (N=158) Ratio (95% Cl) P Value

Primary efficacy end point: MAP response 114 (69.9) 37 (23.4) Odds ratio, 7.95  <0.001
at hour 3 —no. (%) (4.76-13.3)

A Mean Arterial Pressure over Time
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Outcomes in Patients with Vasodilatory Shock
and Renal Replacement Therapy Treated with
Intravenous Angiotensin 11

Paovws A Turrdia, MEY ) Ngts

CCM, March 2018

Angiotensin Il

PATIENTS RECEIVING RRT AT RANDOMIZATION
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ORIGINAL ARTICLE Angiotensin I

Renin and Survival in Patients Given Angiotensin Il for

Catecholamine-Resistant Vasodilatory Shock
A Clinical Trial

| Rinaldo Bellomo'?, Lui G. Foni®“, Laurence W. Busse®, Michael T. McCurdy®, Kealy R. Ham’, David W. Boldt®,
Johanna Hastbacka®, Ashish K. Khanna'®'", Timothy E. Albertson'?, James Tumlin'®, Kristine Storey'*,

Damian Handisides'*, George F. Tidmarsh'*'5, Lakhmir S. Chawla'*'®, and Marlies Ostermann'”; on behalf of the
ATHOS-3 Investigators

Normal

Severe Shock
and
Endothelial

Injury




e il Angiotensin |

Renin and Survival in Patients Given Angiotensin Il for

Catecholamine-Resistant Vasodilatory Shock

A Clinical Trial

| Rinaldo Bellomo'?, Lui G. Fomni®*, Laurence W. Busse®, Michael T. McCurdy®, Kealy R. Ham’, David W. Boldt®,
Johanna Hastbacka®, Ashish K. Khanna'®"", Timothy E. Albertson'?, James Tumlin'®, Kristine Storey'?,
Damian Handisides'?, George F. Tidmarsh'*'®, Lakhmir S. Chawla'*'®, and Marlies Ostermann'”; on behalf of the
ATHOS-3 Investigators

A
1.0

0.9 -
08
> 07-
=
8 06-
[=]
& 05-
g J
g 04

3
@ 03

0.2
0.1
0.0

1.0

0.9
08 -
= 0.7 -
2 06
£ 05
2 04

@ 03

0.2+

01

0.0 -

= Ltow
Yy . HR 1,11 CI (0.66 - 1.86) p = 0.70
A, Renin
b ¥ R '\_—\—‘
T M
phe—g —
—— (N = 63) Placebo

—— (N = 64) Angiatensn I

T T T T T T T T T T T T T T T ' T T T T ¥
01 23456 7 8 9 1011121314151617 1819202122 2324252627 28
Tme from Randomization (days)

Y{\\\ High HR 0.56 C1 (0.35- 0.88) p=0.01
Y ™.  Renin
. e
N ‘%—_‘ﬁ
"——‘\ﬂﬁ_ W
- —
~— (N » 73) Placebo

— (N = 55) Angiotensin Il

T —T —r — T . . T T
0123 45678 9101112131415161718 19202122 2324 25262728
Time from Randomization (days)

In patients with renin concentrations above the study
population median, angiotensin Il significantly reduced
28-day mortality to 28 of 55 (50.9%) patients compared
with 51 of 73 patients (69.9%) treated with placebo
(unstratified HR, 0.56; 95% CI, 0.35 to 0.88; p=0.012)




Angiotensin Il

There arearguments to suggest that angiotensin Il improves renal outcomes
but there isstill no RCThat demonstrates a positive effect
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'RESEARCH ARTICLES ~ OpenAccess
Inhibition of circulating dipeptidyl-peptidase 2

3 by procizumab in experimental septic Procizumab
shock reduces catecholamine exposure (PCZ)
and myocardial injury

Bruno Garcia'”"®, Benoit terSchlphors( " Karine Santos®, Fuhong Su', Laurence Dewachter

Francisco Vasques- Novoa®, Estela Rocha-Oliveira®, Roberto Roncon- Albuquerque Jr?, Theo Uba®,

Oliver Hartmann®, Adrien Picod®, Feriel Azibani® Jacques Callebert®’, Serge Goldman®, Filippo Annoni'*®
Raphaél Favory?, Jean-Louis Vincent'®, Jacques Creteur'?, Fabio Silvio Taccone'?, Alexandre Mebazaa®’ and
Antoine Herpain'"’

RANDOMIZATION (n=16)  Septic control group (n= 8)

M/F Septic group + Procizumab (n= 8)
55 + 5kg

o ) ] [
—

; \ ("Organ blood |
f,;‘,’:; 5.8:1.7h 20min ah I 4h I ‘ flow and
\ ) | autopsy |

Procizumab at 9.3 mg/ka

Fluid resuscitation in case of hypotersion with PPV > 13 %

Norepinephrine 65 £ MAP < 75 mmHg

W SN W

Antimicrobial therapy (amoxicin-<clavulanic acid /8h)

Peritoneal lavage J

Abdominal wall incision |

Sham-operated group (n= 4)



Inhibition of circulating dipeptidyl-peptidase 2 o T R
3 by procizumab in experimental septic S —

shock reduces catecholamine exposure X
and myocardial injury

Bruno Garcia'”"®, Benoit ter Schiphorst'?, Karine Santos®, Fuhong Su', Laurence Dewachter?,

Francisco Vasques-Novoa®, Estela Rocha-Oliveira®, Roberto Roncon-Albuguerque Jr.®, Theo Uba®,
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Raphaél Favory?, Jean-Louis Vincent'®, Jacques Creteur'?, Fabio Silvio Taccone'?, Alexandre Mebazaa®' and

Antoine Herpain''
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DPP3 Inhibition by Procizumab

Pao, / FiO2 ratio

Angiotensin ||
(normalized angiotensin | / angiotensin Il ratio)

Norepinephrine requirement
Fluids

Myocardial and vascular
interleukin-6 expression —
Myocardial injury




Conclusion: Which vasopressor to improve
renal outcomes?

At the early phase of vasodilatory shock-associated AKI, renal blood flow is
increased due to a preferential efferent arteriole vasodilation.

Vasopressin is associated with a (moderate) reduction of the need for RRT (in
secondary analyses)

Angiotensin Il might be associated with improved outcomes in patients with
severe AKI (in secondary analyses)

I We still lack a precise strategy of vasopressor use in vasodilatory shock
 Timing of each vasopressor
* Potential combinations: Vasopressin + angiotensin I1?

Long term (renal) outcomes?






Vitamin B3 for renal protection?
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Peritubular | Tubular | Tubular
capillary : : epithelial cells : lumen
| | |
The renal tubule returnsl40 | perdayof | || ) || = N
filtered plasma water back to the Py Erry
circulation by establishingnergyintensive wf" Na
electrochemical gradientsbetween the NNk T = )
filtrate and vasculature. N
(=70 mV) __~Tight junction
Brush border
/ —Basal (luminal
channels membrane)
Interstitial Basement Intercellular space
fluid membrane

* The renal tubule is highly metabolically active and requires a constant supply of ATP
to provide the energy required to pump solutes across unfavourable gradients.



Thekidney Is second to the heart in

mitochondrial abundance
]

Mitochondria

Fuel
Sources

Glucose
Fatty Acids
Amino Acids




LETTER ——
' FAT accumulation

PGCla drives NAD biosynthesis linking oxidative
metabohsm to renal protectlon

Mel T h:u‘ .a’«u ) Zseugelber Arw . Berg* |I Wi on un‘ ! Manof K, Bhastnr’*, Woendong Kim®
Clary B, s X \ wnt, S .\n..ml‘lh.uum.m;,u‘ ® l R Samis M. Parikh!

Followingtransient local ischaemia

U Renal function worsened

U Tubularmitochondria swelled

U Pronouncedccumulation of acylglycerotdeveloped in tubules

Injured

... I fat accumulatio

Pre-ischaemic swollen mitochondria
normal morphology




Nicotine Adenine Dinucleotide (NAD +) has critical roles in the
generation of ATP from fuel substrates and as a substrate for
Important enzymes that regulate cellular health and stress

responses.

Glucose

Mitochondrion . e
Glycolysis
s NADH
< } Pyruvate

=
== PUFA
! Mitochondrial S A g
respiration - (D SD D6 :[:1) nd

T HUFA-rich
lipids

Nucleus




THUFA-rich
lipids

AKIl leads to decrease in NAD+ levels
combination of reduced NAD+ biosynthesis and
Increase NAD+ consumption




VitamineB3
a watersoluble vitamin family

1. Nicotinic acid (Niacin)
2. Nicotinamide (NAM)

3. Nicotinamide riboside (NR)



VitamineB3
a watersoluble vitamin family

1. Nicotinic acid (Niacin)
2. Nicotinamide (NAM)

3. Nicotinamide riboside (NR)

All precursors of NAD + and| NADP+




Major pathway
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Niacin (Vit B3) deficiency results in
pellagra

* Photosensitive pigmented dermatitis
* Diarrhea

* Dementia

Joseph Goldberger
1874 -1929

Vit B3 = Vit PP for pellagra preventive




Major pathway
_ Nicotinic acid (Niacin)
AK

AKI

AKI

hé

Vit B; repletes pathogenic NAD+ deficiency in AKI

NAD +

‘ generation of ATP

®
NO

Salvage pathway

Nicotinamide (NAM) D Nicotinamide ribosideD




LETTER Nature 2016

doi:10.1038/naturel7184

PGCla drives NAD biosynthesis linking oxidative
metabolism to renal protection

Mei T. Tran!?, Zsuzsanna K. Zsengeller:?3, Anders H. Berg>*, Eliyahu V. Khankin®2, Manoj K. Bhasin?®, Wondong Kim®,
Clary B. Clish’, Isaac E. Stillman®, S. Ananth Karumanchi®»?#8, Eugene P. Rhee®’ & Samir M. Parikh!?
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Exogenous NAM improve renal function (creatinine)
In post-ischemic AKI mice or cisplatine-induced AKI




ARTICLES

natare., .
medicine

5.0/ dol.org 101038 /541591-018-0138-2

De novo NAD* biosynthetic impairment in acute
kidney injury in humans
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Prospective cohort of patients
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De novo NAD* biosynthetic impairment in acute
kidney injury in humans
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Nature Med 2018

Pilot RCT of oral Vitamin B3 (NAM) administration

* Patients: Cardiac surgery

* Groups:
* placebo
« NAM 1g/day (d-1, d-0, d+1)
« NAM 3g/day (d-1, d-0, d+1)

325 screened

>

N

267 excluded:
72 in other studies;
77 did not meet inclusion;
55 declined;
63 other (e.g., scheduling).

58 consented

> 2 OR date changed,;
& 1 new preoperative AKI.
55 randomized

3 not randomized:

v

19 placebo

1 withdrew

2 change to TAVR
1 OR date changed
1 missed drug

A
18 1 g per day

1 withdrew

4 missed drug ol

14 complete

A
13 complete

v

18 3 g per day

1 death before OR
1 OR date changed
2 missed drug

14 complete
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Original Investigation Kidney360

Niacinamide May Be Associated with Improved
Outcomes in COVID-19-Related Acute Kidney Injury: An
Observational Study

Nathan H, Raines,' Sanu Ganatra,” Pitchaphon Nissaisorakam,' Amar Pandit,' Alex Morales,' Aarti Asnani,’
Medwnaz Sadvolasheafi,! Rabul Maheshwaes,” Rushin Patel” Vigyan Bang.” Katherine Stveydes,” Simasjeet Brat,
Amitoy Singh,” Sourbha S, Dani,* Sarah Knapp.” Ali Poyan Mohr,” Robert 8, Brown," Mark L. Zerde),” Rbhea Bhargava,
fohannes Schiondorf.! Theodore ). Steinman,’ Kenaeth J. Mukamal." and Samir M. Panikh'
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niacinamide was associated with a
lower risk of RRT or death

All patients

Crude hazard ratio 0.62
p=0.02, [95% CIl 0.42 - 0.94]

Adjusted hazard ratio 0.64
p = 0.05, [95% CI 0.40 - 1.00]

| I I |

15 20 25 30

Days since eligibility



Is niacinamide useful in the treatment of COVID-

associated AKI? Kidney360

KRT or Total Change in sCr
death mortality per day in KDIGO 2/3

Controls % i 7 02
—111 55.9. 44 .1 o

91 from sister hospital HR All; HR All: SE 0.08

without B3 protocol 0.64 0.59

20 pre-B3 protocol
i [0.40-1.00] [0.33-1.05] P-value

S S':=201 Niacinamide HR KDIGO 2/3 HR KDIGO 2/3 0.03

ARS-CoV-2 PCR

positive patients with 00000 0-29 0.1 7

AKI o6 he ) hotlon N =90 [0.13-0.65] [0.05-0.52] 0.0

dialysis (eGFR>15). mg/dl/d
42.2 24.4.. SE 0.026

1 gram daily x 7 days

. . Ninn: - : - . Nathan H. Raines, Sarju Ganatra, Pitchaphon Nissaisorakarn, et al. Niacinamide
Conclusion: Niacinamide was associated with lower risk of imay be Assoclated with Improved Ottcomes in COVID-19-Relstad

KRT/death and improved creatinine trajectory among patients Acute Kidney Injury: An Observational Study. Kidney360. doi:

: 10.34067/KID.0006452020.
with severe COVID-19-related AKI. Visual Abstract by Joel Topf, MD




ORAL ABSTRACT/SATURDAY: AKI RESEARCH: SEEKING NEW PATHS TO PROGRESS

Niacinamide and Renal Recovery After AKI: A
Randomized, Controlled Trial
SA-ORO4

Kohli, Harbir S.; Garg, Sahil; Kaur, Jaskiran; Yadav, Ashok K.; Kumar, Vivek

Author Information®

Journal of the American Society of Nephrology 34(11S):p 60, November 2023. | DOI: 10.1681/ASN.202334115160b
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m) U.S. National Library of Medicine

ClinicalTrials.gov

VITAKI
(NCT04589546) CI-U f

AMIENS
PICARDIE

* Multicenter RCT
* Septic shock patients
* Nicotinamide 1g/day (72 hours)
* Primary outcome: MAKE-30
(Mortality; RRIT; renal dysfunction)




Completed ]

Graft Acute Kidney Injury: Vitamin B3 to Facilitate Renal Recovery In the Early Life of a Transplant
(GABRIEL)

ClinicalTrials.gov ID @ NCT05513807

Sponsor @ Assistance Publique - Hopitaux de Paris

Information provided by @ Assistance Publique - Hopitaux de Paris (Responsible Party)
Last Update Posted @ 2024-07-10




How to personalize RRT initiation ?




Absolute indications to start RRT
Life-threatening complications

* Refractory severe hyperkalemia

 Refractory severe metabolic acidosis (pH<7.15)

* Pulmonary edema resistant to diuretics




What is the question ?

In critically ill patients with severe AKI who have no life-threatening
complication, should we delay RRT ?




2016
NEJM

2018
NEJM

2020
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2020
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Initiation Strategies for Renal-Replacement
Therapy in the Intensive Care Unit

1
“ ORIGINAL ARTICLE |

Timing of Renal-Replacement Therapy
in Patients with Acute Kidney Injury and Sepsis

Delayed versus early initiation of renal replacement therapy
for severe acute kidney injury: a systematic review and
individual patient data meta-analysis of randomised dlinical
trials

AKIKI

IDEAL-ICU

. Multicenter RCT
. n=620
* Mixed ICU patients

. Multicenter RCT
. n=488
*  Septic ICU patients

IPDMA

“ ORIGINAL ARTICLE

|\

Timing of Initiation of Renal-Replacement
Therapy in Acute Kidney Injury

ARRT-AK| Investigators, for the Canadian Critical Care Trials Grouy

STARRT-AKI

 10RCTs
* n=1879

. Multicenter RCT
. n=2927

* Mixed ICU patients




Study Interventions

Early Strategy Group

ErTn/—

Within 6 hours after
inclusion criteria

Delayed Strategy
Group

v

RRT only if pre-specified
criteria present




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

e Serum urea concentration>40mmol/l

Gaudry et al NEJM 2016
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Initiation Strategies for Renal-Replacement
Iherapy in the Intensive Care Unit

AKIKI

0.8

0.6

0.4

0.2

Proportion of patients free of RRT

Patients free of RRT

Almost 50% of patients in the
. delayed group did not receive
il RRT
) —— Early RRT strategy p T alue: <0.001
L —— Delayed RRT strategy ' '
I I I I I I I = I I I I I
(0] 1 2 3 4 5 6 7 8 12 16 20 24 28
Days
311 V4 vl vl 4 4 3 3 3 1 1 O 0) 0]
308 268 229 192 153 135 118 105 92 61 39 28 21 13
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Initiation Strategies for Renal-Replacement
Fherapy in the Intensive Care Unit

®
AKIKI Survival
o 0.8 —
o
=
=
> 0.6 —
‘S —
[
o
S 0.4 —
o
o
o
o 02 — —— Early RRT strategy p T alue: 0.79
—— Delayed RRT strategy
0 | | | | | | | | |
0 7 14 21 28 35 42 49 56 60
Days

— 311 241 207 194 179 172 167 161 158 157

— 308 239 204 191 178 165 161 156 156 155




Adequate urine output with no need for
RRT

N

—— Early RRT strategy _ i
0.2 7 —— Delayed RRT strategy P ' alue: <0.001

0 | | | |
0 7 14 21 28
Days
— 311 99 42 27 10
— 308 68 29 14 4

Gaudry et al NEJM 2016 '




Spontaneous creatinine decrease

@
& 1 7
(€]
o
(¢B]
=)
L 0.8 —
[
= |
I
@
© 0.6 —
)
=
o
(¢B]
=
= 0.4 —
o
o
(7p]
© _ _ Early RRT strategy
= 0.2 b T ame: 0.01 Delayed RRT strategy
=
S
S
x O | | | |
0] Ve 14 21 28
Days
No. at Risk
— 311 136 60 32 14
— 308 105 51 26 16 ,
Gaudry et al NEJM 2016




Does Hemodialysis Delay Recovery from Acute Renal
Failure?

=% John D. Conger
University of Colorado School of Medicine and the VA Medicol Center, Denver, Colorado

Seminars in Dialysis—Vol 3, No 3 (July-Sept) 1990 pp
146—-148

Intensive care medicine and renal transplantation 1

Management of patients at risk of acute kidney injury

JHIVanemassenhove, Jan Kigissein, Achim Jomres, Wim Van Biesen

During recovery from AKI, the
Ea rly RRT ? kidneys are more susceptible to

further injury

GFR 4

First hit
detection
and
intervention (Mear) complete recovery
- Incomplete recove
e [ Yy
/"~ Progressive CKD and ESKD
---------------------------------------------------- —------ ———:"’i—“““ ~-~=~Meed for RET

e =T 3




Does Hemodialysis Delay Recovery from Acute Renal
Failure?

4| John D. Conger

University of Colorado School of Medicine and , Colorado
Seminars in Di pt) 1990 pp
146—-148

Intensive care medicine and renal transplantation 1

Management of patients at risk of acute kidney inj

JHIVanemassenhove, Jan Kigissein, Achim Jomres, Wim Van Biesen
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11 OCT 2018 IDEAL-ICU

Timing of Renal-Replacement Therapy 488 patients

in Patients with Acute Kidney Injury and Sepsis

S.D. Barbar, R. Clere-Jehl, A. Bourredjem, R, Hernu, F. Montini, R. Bruyére
C. Lebert, |. Bohé, J. Badie, | -P. Eraldi, ).-P. Rigaud, B. Levy, S. Siami, 1.00
G. Louis, L. Bouadma, J.-M. Constantin, E. Mercier, K. Klouche, D. du Cheyron,
G. Piton, D. Annane, S. Jaber, T. van der Linden, G. Blasco, .-P. Mira
C. Schwebel L. Chimot, P. Guiot. M-A. N iy F. Meziar I‘J |'l.'i"."\_ R ger
B. Louart, R. Trusson, A. Dargent, C. Binquet, and J.-P. Quenot

tor the IDEAL-ICU Trial Investigators and the CRICS TRIGGERSEP Network

0.754

0.50- Delayed strategy

o - H
Early strategy

In the delayed-strategy

Proportion Surviving

group, 38% (93 patients) 0.25+
did not receive RRT P=0.52

0.00 | | | | | |
0 30 60 90 120 150 180

Days since Randomization

No. at Risk

Delayed strategy 242 137 117 112 107 105 101
Early strategy 246 127 109 99 98 92 92



Delayed versus early initiation of renal replacement therapy @
for severe acute kidney injury: a systematic review and
individual patient data meta-analysis of randomised clinical
trials

Stephane Gawdry*, David Hajage*, Nicolas Benichowt, Khalil Chaibif, Saber Barbar, Afexander Zarbock, Nuttha Lumlertgul, Ron Wald,

Sean M Bogshaw, Nottochai Srisawat, Aloin Combes, Guillawme Gen, Tukaram Jamale, Agnés Dechartres, Jean-Pierre Quenott, Didier Dreyfussy

1.0 5 — Early RRT
— Delayed RRT 42% never received RRT in the

5 0-8 delayed group
2 0.6
o
R
S 04-
c
A

0.2

Hazard ratio 1-01 (95% Cl 0-87-1-17)
0
0 7 14 21 28

D
Number at risk s

Early RRT 831 636 552 509 474
Delayed RRT 840 645 557 517 478
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Timing of Initiation of Renal-Replacement
Therapy in Acute Kidney Injury

The STARRT-AK! Inve galars, lor tt _anadian Cnt |
A Zesland

the et X rgdom Lt 3 L3

STARRT-AKI
confirmed
the results of AKIKI
and IDEAL-ICU

STARRT-AKI confirmed
that the “wait and see”

approach should be the
standard of care

Nephrology

STARRT-AKI

2020

All-cause mortality Day 90

Survival (%)

No. at Risk
Standard RRT
Accelerated RRT

100

80

70

60— Accelerated RRT

50

40 —

30

20+

10+

Standard RRT

1462 1138
1465 1122

20

999
985

I 1 T I I

30 40 50 60 70

Days since Randomization

939 897 878 862 844
925 892 865 846 835

80

833
830

90

823
823




Artificial Kidney-Induced Kidney Injury

Timing of Initiation of Renal-Replacement ‘ Confirmation of this concept \
Therapy in Acute Kidney Injury -“-

STARRT-AKI

RRT dependence after 90 days
Early strategy: 10.4% vs Delayed strategy: 6.0%
RR:1.74 (95% CI: 1.24 to 2.43)




ORIGINAL ARTICLE STARRT'AKI

Delayed versus early initiation of renal replacement therapy
for severe acute kidney injury: a systematic review and

Timing of Initiation of Renal-Replacement o ) _ e
individual patient data meta-analysis of randomised clinical

Therapy in Acute Kidney Injury

trials
The STARRT-AKI| Investigators, for the Canadian Critical Care Trials Group,
the Australian and New Zealand Intensive Care Society Clinical Trials Group, ) s . e o : : .
i % 2 < Ky A y Stéphane Govdry®, David Hajage®, Nicovas Benichout, Khalif Chaibi?, Saber Barbor, Alexander Zarbock, Nuttha Lumiertqul, Ron Walkd
the United Kingdom Critical Care Research Group, the Canadian Nephrology S it e i i 5 . AR Sl R
< o/ Sean M Bagshaw, Nattachai Srisawat, Alain Combes, Guitaume Gesi, Tukaram Jamale, Agnes Dechartres, Jean-Fierre Quenot, Didier Dreyfussi

Trials Network, and the Irish Critical Care Trials Group®

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

Systematic
reviews &
meta-analyses

Cohort studies
/ Case control studies\

Case series

Ideas, editorials, opinion

/ Animal research

/ In vitro research




Major uncertainty remained concerning the duration
for which RRT can be postponed without risk

RRT initiation

ICU admision Optimal window ?

—

Severe AKI




Major uncertainty remained concerning the duration
for which RRT can be postponed without risk

ICU admision

RRT initiation

Optimal window ?

Severe AKI The Artificial Kidney Initiation in Kidney Injury 2 (AKIKI 2)

A Multi-Centre, Randomized, Controlled Trial

Comparison of two delayed strategies for renal replacement % ®
therapy initiation for severe acute kidney injury (AKIKI 2):
a multicentre, open-label, randomised, controlled trial

dawd je. Lawrent Martin Lefowe, Said Lebbah, Gufloume Louks, Sébastien Moscivetto, Dvmitn Titeco Heauport,
s, N fe Prost, Sebastivg J

Lancet 2021



AKIKI1

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




Comparison of two delayed strategies for renal replacement  “ ®
therapy initiation for severe acute kidney injury (AKIKI 2):
a multicentre, open-label, randomised, controlled trial

767 patients with AKI stage 3 of KDIGO classification

Observational
stage

10 were erroneously included
127 received RRT because of urgent indication (before reaching
randomisation criteria)
352 did not reach randomisation criteria and did not receive RRT

278 patients randomly assigned

v

v

137 randomly assigned to
standard-delayed RRT strategy

141 randomly assigned to
more-delayed RRT strategy

Randomizatio
n stage

v

278 included in the intention-to-treat analysis




Comparison of two delayed strategies for renal replacement ) ®
therapy initiation for severe acute kidney injury (AKIKI 2):
a multicentre, open-label, randomised, controlled trial

Primary endpoint

The median number of RRT-free dayswas 12 days (IQR 0-25)
In the delayed strategy and 10 days (IQR 0-24) in the more-
delayed strategy (p=0.93




Prespecified multivariate analysis

Odds ratio for death at 60 days
2.16(95% ClI, 1-17 — 4-01, p=0-014
with more-delayedversus delayed strategy

Univariable analysis

Multivariable analysis

Hazard ratio (95% Cl) p value

Hazard ratio (95% Cl) p value

More-delayed strategy

Simplified Acute Physiology
Scorelll

Mechanical ventilation
Catecholamine infusion
Sepsis status

Sepsis

Septic shock

Time between ICU admission
and acute kidney injury

1:34 (0-96-1-89) 0-13
1.03 (1-02-1-05) <0-0001

2-90 (1-47-570) <0-0001

1-69 (1-17-2-44) 0-0080
0-064

078 (0-47-130)

1-44 (0-98-212)

0-69 (0-36-1-31) 0-24

165 (1-09-2-50) 0-018
1.03 (1-01-1-05) 0-0005
3-44 (1-52-7-81) 0-0020
113 (0-69-1-84) 0-64
0-19

0-56 (0-28-1-12)
0-91 (0-51-1-64)
0-70 (0-31-1-59) 0-39




NEURAKI study
ICM; March, 2024

Intensive Care Med
https://doi.org/10.1007/s00134-024-07339-1

— ®
Renal replacement therapy initiation g

strategies in comatose patients with severe
acute kidney injury: a secondary analysis of a
multicenter randomized controlled trial
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ORIGINAL

Renal replacement therapy initiation
strategies in comatose patients with severe
acute kidney injury: a secondary analysis of a
multicenter randomized controlled trial

Thomas Rambaud'?, David Hajage®, Didier Dreyfuss®, Said Lebbah?, Laurent Martin-Lefevre®, Guillaume Louis®,
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6

Adults
Invasive MV and/or catecholamine infusion
AKI Stage 3 of KDIGO classification
o + oliguria or anuria for more than 72 h

0 or BUN > 112 mg/dL (serum urea
concentration of 40 mmol/L)

Comatose at randomization (RASS<-3)

NEURAKI study

Post-hoc analysis of the AKIKI2 trial

278 randomized

delayed RRT strategy

137 randomly assigned to standard-

141 randomly assigned to more-
delayed RRT strategy

47

——»  (RASS>-3)at
randomization

Not comatose

168 COMATOSE PATIENTS
\ 4

90 comatose patients assigned to
standard-delayed RRT strategy

63 Not comatose
—» (RASS=-3)at
randomization

78 comatose patients assigned to
more-delayed RRT strategy
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ORIGINAL

Renal replacement therapy initiation
strategies in comatose patients with severe
acute kidney injury: a secondary analysis of a
multicenter randomized controlled trial

Outcomes

/Incomplete

kSRR e

/' Awakening
PRIMARY OUTCOME N W Death

transition intensity from coma ‘
to awakening during the first
28 days after randomization

Agitation




= Standard delayed strategy = More delayed strategy

llllllll

Renal replacement therapy initiation 2

strategies in comatose patients with severe

%‘;ﬁ?cﬁ‘;’t”ey ’dfnd‘iﬁ'y o 104
p=0.01
- 0.751
Primary outcome
-
The transition intensity from comato | & . | I
awakening was lower in the more- | £~ — L -
delayed strategy group g ﬁ; PR ik ™
\ L o
(HR=0.36 (0.170.78); p = 0.010) | = =
0.25 |l r
The 2 sensitivity analyses yielding
comparable results
0.00"
0 7 14 21 28
Days

." Probability of being awake according to the randomization



Secondary

outcomes

An increase of the plasma urea levaln a given
day was associated with a significantly lower
probabllity of being awake the following day

Table 2 Impact of plasmatic urea level a given day on the neurological state the following day

Coma

Awakening
Incomplete awakening
Agitation

Death

1

1.018 (1.002-1.033),

0.994 (0.985-1.005),

p=0282

0.988 (0.971-1.006),

0.977 (0.94 —0.998),
p=0.039

0.983 (0.968-0.998),

p=0018
1

0.977 (0.963-0.993),

p=0.005

0.971 (0.954-0.988),

0.96 (0.937-0.982),
p<0.001

1.006 (0.995-1.015),

1.024 (1.007-1.039),

1

0.994 (0.975-1.012),

0.982 (0.958-1.005),

p=0.129

1.012 (0.994-1.03),
p=0.170

1.03 (1.012-1.049),

1.006 (0.989-1.026),

p=0494
1

0.989 (0.963-1.015),

p=0390

1.024 (1.002-1.048),

1.042 (1.018-1.067),
p<0.001

1.018 (0.995-1.044),
p=0.129

1.012 (0.986-1.038),

1




Mechanisms underlying the observed benefits of RF

RT7?

« Accumulation of uremic toxins

 Bloodi brain barrier dysfunction

* Neurotoxicity of drugs

* Electrolyte imbalance (calcium and sodium disorders)




Mechanisms underlying the observed benefits of RRT?

« Accumulation of uremic toxXiNS«

* Bloodi brain barrier dysfunction.
* Neurotoxicity of drugs—

* Electrolyte imbalance (calcium and sodium disord@s)




Vanholder, Toxins,
2022

Uremic toxins:Good or bad ?

| s |G [KYN| AA | QA | Trp | Ind | IPA| IA_| Mel | Nic | Ser | IAA | 2PV _
= -

bone disorders
carcinogenesis

[
cardiovascular dysfunction | - - ----

cell senescence

depression - -

deficient drug metabolism
dyslipidemia ]
eosinophilia-myalgia

fibrosis |

genomic alterations
hematopoietic dysfunction | : -
o

intestinal dysfunction :

liver dysfunction

malnutrition

metabolic dysfunction

muscle atrophy
Neurotoxicity [LETEENER

pain

progression CKD

sarcopenia

sleep disturbances

skin disorders

thrombogenicity

tissue repair dysfunction



Early RRT
Risk of Artificial Kidney -Induced Kidney Injury

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

v

Severity of AKI
> KDIGO 2 stage

v

Potential severe complication

——

L
No RRT
indication

1

Persistant AKI
for more than 72 h

YES
—— — —> L 2
Hyperkalemia Severe metabolic Severe pulmonary Hyper-uremia
acidosis (pH<7.20) edema >40 mmol/L ?
(fluid overload) Neurological
J \L \1, symptoms suggesting

Medical treatment
No RRT indication if
efficient

AAAAA

Sodium Bicarbonate
No RRT indication if
efficient

\

Diuretic therapy
No RRT indication if
efficient

uremic
encephalopathy

l

Life-threatening
Hyperkalemia

Refractory severe
metabolic acidosis

\

Refractory severe
pulmonary edema

[ EINS

\ 4

L
EOR

<

Urgent indication for RRT initiation




Delayed versus early initiation of renal replacement therapy @k ®

for severe acute kidney injury: a systematic review and
individual patient data meta-analysis of randomised clinical

trials
Sttphnncﬁm,dry David Hajage*, Nicolas Benichout, Khaiil Chaibit, Saber Barbar, Afexander Zarbock, Nunhalumlmgul Ron Wald,
Sean M Bogshaw, Nattachai Srisawat, Alain Combes, Guillaume Gen, Tukaram famale, Agnés Dechartres, Jean-Pierre Quenott, Didier Du-yfucst
B
2 0 2 0 28-day mortality, n/N (%) Risk ratio (95% C1) Pitanciiis
Delayed RRT Early RRT
Sex 0-869
Male 228/528 (43%) 221/526 (42%) - 1.02 (0-89-1-17)
Female 138/309 (45%)  134/301(45%) —y— 1.00 {0-84-119)
Age (years) 0-520
=66 126/355 (35%) 143/388 (37%) —— 0-96 (079-1-16)
>66 240/482 (50%) 212/439 (48%) —_— 1.03 (0-91-1-17)
SOFA score at randomisation 0-284
£12 179/430 (42%) 165/425 (39%) 1.07 (0.91-1.26)
>12 181/390 (46%) 185/383 (48%) 0-95 (0-82-1.09)
Sepsis status at randomisation 0062
No sepsis 98/209 (47%) 771207 (37%) 122 (0.98-1.52)
Sepsis 258/605(43%)  267/600 (45%) 0-96 (0-85-1.09)
Chronic kidney disease” 0-359
No 243/600 (41%) 271/655 (41%) 0.97 (0.85-111)
Yes 92/180 (51%) 62/135 (46%) 1.09 (0.87-1.37)
Overall 1.01(0-91-1-13)
! ] 1 1
025 05 1 2
“«— —
Favoursdelayed Favours early

Is there any subpopulation of patients in ICU which coul

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




Delayed versus early initiation of renal replacement therapy @k ®

for severe acute kidney injury: a systematic review and
individual patient data meta-analysis of randomised clinical
trials

Stéphane Gawdry*, David Hajage*, Nicolas Benichout, Khalil Chaibit, Saber Barbar, Afexander Zarback, Nuttha Lumlertgul, Ron Wald,
Sean M Bogshaw, Nattachai Srisawat, Alain Combes, Guillaume Geni, Tukaram jamale, Agnés Dechartres, Jean-Pierre Quenott, Didier Dreyfusst

Is there any subpopulation of patients in IC!* which coul

benefit from early or delayed R™ egy ?

B
2020 28y mortaity, N (%)
Delayed RRT Early RRT

Sex
Male 228/528 (43%) 2217526 (42%)
Female 138/309 (45%) 134/301 (45%)
Age (years)
=66 126/355 (35%)
>66 240/482 (50%)
SOFA score at randomisation 0-284
12
>12
Sepsis status at iz 0062
No sepsi 122 (0.98-152)

0.96 (0-85-1.09)

0-359

©

0.97 (0.85-1-11)
1.09(0.87-1.37)
1.01(0-91-1-13)

r T 1 1
025 05 1 2
+“— —>
Favours delayed Favours early

But

The « .uhal subgroup analyses performed “one variable at a time” fail to

cc .vey meaningful results as they cannot fully capture all the relevant




Should treatment always be the same for coronary artery disease”?

An example:

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




The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 MARCH 5, 2009 VOL. 360 NO. 10
the SYNTAX Investigators

Percutaneous Coronary Intervention versus Coronary-Artery
Bypass Grafting for Severe 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)

Major Adverse Cardiac or Cerebrovascular Event

iy 17.8
;-\5 PCI
o
©
S 104 --==="""CABG
5 12.4
S
=
O !
0 | 1 1 1 1 I | 1 1 | I | |
0 6 12

Months since Randomization

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




Redevelopment and validation of the SYNTAX score Il to W ®
individualise decision making between percutaneous and
surgical revascularisation in patients with complex coronary

artery disease: secondary analysis of the multicentre

randomised controlled SYNTAXES trial with external cohort

validation

Kuniaki Takahashi, Patrick W Serruys, Valentin Fuster, Michael E Farkouh, John A Spertus, David | Cohen, Seung-Jung Park, Duk-Woo Park,
Jung-Min Ahn, Arie Pieter Kappetein, Stuart | Head, Daniel | F M Thuijs, Yoshinobu Onuma, David M Kent, Ewout W Steyerberg,
David van Klaveren, on behalf of the SYNTAXES, FREEDOM, BEST, and PRECOMBAT trial investigators

Heterogeneity of treatment effect



Treatment Effect Modeling: example

Sarah Medicay Treated Diabetes melitus v @)
59 yo ki D
Diabetes mellitus A
Insulin
LVEF 50% o
Creatinine clearance 50ml/min W e
Left main coronary artery disease

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.
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Treatment Effect Modeling: example

B ra B casc
100 |
i If we trust the tool, it seems PCI does better for Sarah!
80 |
‘individualized’ ARR=2.8% ‘individualized” ARR=2.5%
60 | for 10 years mortality for MACCE
Absolute risk(%) -
40 |
Sarah g
59 yo 20 |
Diabetes mellitus E
Insulin __ S -
0 10 year montality 5 year MACE
LVEF 50% CABG has 2.8% higher mortality than PCi CABG has 2.5% higher MACE than PCI
Creatinine clearance 50ml/min
Left main coronary artery disease

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.
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Treatment Effect Modeling: example

Donald
69 yo
Diabetes mellitus
No insulin
LVEF 45%

Creatinine clearance 40ml/min
Three vessel artery disease

SYNTAX Score 2020 Eat
Age (Yuars)
Crcl (Creatining clearance), =i uan
LVEF (»
vD
Medically Treate d Diabetes mel fitus ()
sulin
nnnnnnnnnn king
3VD or LMCAD
M

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.
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Treatment Effect Modeling: example

Donald
69 yo
Diabetes mellitus
No insulin
LVEF 45%

Creatinine clearance 40ml/min
Three vessel artery disease

B ra B casG
100 |
If we trust the tool, it seems CABG does better for Donald!
80 |
‘individualized’ ARR=-26.7% ‘individualized’ ARR=-25.5%
60 | for 10 years mortality for MACE
Absolute risk(%) —
40 |
20 |
10 year mortality 5 year MACE
PCl has 26.7% higher mortality than CABG PCl has 25,5% higher MACE than CABG

https://syntaxscore2020.com/
Takahashi et al. Lancet. 2020.
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Could we do the same with the RRT initiation strategies ?

RESEARCH Open Access

®
Personalization of renal replacement therapy =

initiation: a secondary analysis of the AKIKI
and IDEAL-ICU trials

Francois Grolleau'’, Raphaél Porcher', Saber Barbar?, David Hajage®, Abderrahmane Bourredjem?,
Jean-Pierre Quenot®', Didier Dreyfuss®" and Stéphane Gaudry”"
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initiation: a secondary analysis of the AKIKI
and IDEAL-ICU trials

Francois Grolleau'”, Raphaél Porcher', Saber Barbar?, David Hajage®, Abderrahmane Bourredjem?,
Jean-Pierre Quenot®', Didier Dreyfuss®® and Stéphane Gaudry”*

 Datafrom AKIKI and IDEAL-ICU

 Risk prediction model for RRT initiation within 48 hours (in delayed strategy)
 Estimate treatments effects within levels of predicted risks

* n=1107 patients
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Personalization of renal replacement therapy @
initiation: a secondary analysis of the AKIKI
and IDEAL-ICU trials

Francois Grolleau'”, Raphaél Porcher', Saber Barbar?, David Hajage®, Abderrahmane Bourredjem?,
Jean-Pierre Quenot®', Didier Dreyfuss®® and Stéphane Gaudry”*

Patients at intermediateigh risk of RRT
initiation within 48 h may have benefited
from an early strategy (absolute risk
difference, 14%; 95% CI, - 27% to — 1%)

Hazard Ratio

For D-60 mortality
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Initiation Strategies for Renal-Replacement Therapy in the Intensive Care Unit:
a Precision Medicine Approach

The predicted probablity of RRT initiation within 48 hours is 18% which corresponds to

Plug values from the time point when severe acute kidney injury the 60-day mortality outcome below.
occurs” (KDIGO Il or RIFLE failure stage).
AKIKI & IDEAL-ICU AKIKI
SOFA
range in training data: 3 to 21 08 4: 08
é 074! 07
10 pes £ 08 0.8
g 084 0.5
e 044 04
pH g 03 03
range In training data: 6.88 to 7.54 023 02
01 -2 0.1
r 1 T T T T T T 1
73 > 00 01 02 03 04 05 06 00 D1 02 03 04 05 05 00 01 Q2 03 04 05 06
Early  48% 95% CI [41%;54%] 49% 95% CI [40%;57%] 49% 95% CI [41%;56%)
Potassium (mmol/L) Delayed 44% 95% Cl [37%;50%)] 45% 95% CI [36%,53%) 43% 95% CI [35%:51%]
range In training data: 2.4 to 7.4 mmol/L
38 -
s v i ¥
g 174 -
& i
Urea (mmol/L) 3 =
range In training data: 2 to 58 mmol/L 3 3
® : ol i
' r T T T T T 1
00 01 02 03 04 05 06 00 0t 02 03 04 05 08 00 01 02 03 04 05 06
Weight (ka) HR 1.13 95% CI[0.86;1.48) 1.10 95% CI[0.78;1.55] 1.19 95% CI [0.87;1.64]
range in training data: 34 to 200 kg : 2 il : bt ; » PXEI
80 %
034, s 03 §
g o2 i ¢ 4 02
Immunosuppressive Drug (non-corticosteroid) 3 o o4 §
Yes g 00 00 ;
T oo 01 H
© No g 024i i i 02 g
Predict a?a ofn olz ofa 074 ofb ofs ofo DTI o.'z o.’a o,’t o,‘s ofe o'.o OTI olz ofa ofa ufu ofs
Frockoned Probaddty of ART klaton Wit 45 Hous Prodcie Prodatety of RET ntiasion Within &3 Howrs Frockosed Prodasdey of AT Vebaten Wiren 45 Hous
ARD 4.0% 95% CI [-5.1%:13.0%) 4.1% 95% CI [-8.0%;16.1%] 5.8% 95% Cl [-7.8%:19.5%)]
*Provided the patient meets inclusion/exclusion criterion for the RRT = Renal-Replacement Therapy; Cl = Confidence Interval; HR = Hazard Ratio; ARD = Absolute Risk Difference

AKIKI or IDEAL-ICU trials.
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Personalization of renal replacement therapy @
initiation: a secondary analysis of the AKIKI
and IDEAL-ICU trials

Francois Grolleau'”, Raphaél Porcher', Saber Barbar?, David Hajage®, Abderrahmane Bourredjem?,
Jean-Pierre Quenot®', Didier Dreyfuss®® and Stéphane Gaudry”*

One major Issue:

Static casewhere the decision to Initiate RRT Is only pondered at
AKI onset .....despite the dynamic nature of AKI




Costand Time ++++

To learn an optimal RRT initiation strategy, the ideal method would be to
conduct a Sequential Multiple Assignment Randomized Trial (SMART)
where AKI patients are sequentially randomized each day (RRT or not)

AKI RRT RRT RRT RRT
KDIGO 3 Initiation ? Initiation ? Initiation ? Initiation ?

|

JO J1 ]2 J3 J4
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Ressarch and Applicatioss

Statistical reinforcement learning based strategy

Research and Applications

Personalizing renal replacement therapy initiation in the
intensive care unit: a reinforcement learning-based
strategy with extemal validation.om the AKK optimal dynamic strategies for RRT initiation ?
randomized controlled trials

Frangois Grolleau, MD, PhD'#*, Frangois Petit, PhD"", Stéphane Gaudry, MD, PhD**5,
Elise Diard, MS'?, Jean-Pierre Quenot, MD, PhD®7%, Didier Dreyfuss, MD®*®,
Viet-Thi Tran. MD, PhD'?, Raphaél Porcher (@, PhD'?

DAY 1 DAY 2 DAY 3
< > < > < >
First decision timepoint Second decision timepoint  Third decision timepoint
for RRT initiation for RRT initiation for RRT initiation
Dies on the Dies on the Dies on the
—> 1 day % ond day —* 30 day
v v v
° A Never initiated RRT | Never initiated RRT , Never initiated RRT | .
) 6 ; é :; Time from stage 3
KDIGO-AKI (days)
L—» Kidney recovery L Initiates RRT . » Initiates RRT _» Initiates RRT
on the 1stday on the 2nd day on the 3 day

Stage 3 KDIGO-AKI
OoCccurs

ICU patient with AKI
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Ressarch and Applicatioss

Research and Applications

Reinforcement learnin
Personalizing renal replacement therapy initiation in the
intensive care unit: a reinforcement learning-based
randomized controlled trials
Frangois Grolleau, MD, PhD'Z*, Frangois Petit, PhD"", Stéphane Gaudry, MD, PhD*451,

Elise Diard, MS'2, Jean-Pierre Quenot, MD, PhD®”%, Didier Dreyfuss, MD®*,
Viet-Thi Tran. MD, PhD'?, Raphaél Porcher (@, PhD'?

DAY 1 DAY 2 DAY 3
First decision timepoint Second decision i i Third decisi
for RRT initiation for RRT initiation for RRT initiation

Dies on the Dies on Dies on the

ies on the

tday [ * 2Mday 319 day
. > v v v

| - i Never initiated RRT , Never initiated RRT Never initiated RRT

= — 0 1 2 3 Time from stage 3

KDIGH (day:

Kidney recovery Initiates RRT Initiates RRT Initiates RRT

the 15t day e 27 da on the 3 da

Yy

4
38

ICU patient with AKI Stage 3 KDIGO-AKI
occurs

Devellopment MIMIC-I111 database
3 748 patients

Validation AKIKI and AKIKI2
1 068

Primary outcome: hospital-free days at day 60



DAY 1 DAY 2 DAY 3
First decision timepoint Second decision timepoint  Third decision timepoint
for RRT initiation for RRT initiation for RRT initiation

Dies on the

Dies on the Dies on the
1stday 2 day 3 day
% v v v
‘ . i Never initiated RRT Never initiated RRT | Never initiated RRT |
\ st - (; ; é ;; Time from stage 3
W, KDIGO-AKI (days)
Kidney recovery Initiates RRT Initiates RRT Initiates RRT

on the 15t day on the 2nd day on the 3 day

Stage 3 KDIGO-AKI

ICU patient with AKI
occurs

Validation AKIKI and AKIKI2
1 068

Devellopment MIMIC-I111 database
3 748 patients

Parameters that influence decision to start
At day 1, day 2 and day 3

‘ Blip parameter estimates from learned strategies

-~

Tailoring covariate P (95% CI)
First decision
Intercept; -39.589 (-63.885 to -15.294)
Age g (years) 0.245 (0.035 to 0.454)
Creatinine . (mg/dL) 1.349 (-0.317 to 3.015)
Potassium ., (mmol/L) 3.409 (-0.547 to 7.364)
Second decision
Intercept, -1.747 (-23.343 to 7.849)
SOFA scorey., 0514 (-0.372 to 1.400)
Blood urea nitrogen., (mg/dL) 0.095 (-0.033 t0 0.223)
IPH =1 - pH 12 -63.874 (-118.998 to -8.750)
Unne output iy + Unne output - (mlkg/H) -7.734 (-15.303 to -0.165)
Third decision
Intercepts 5.397 (-14.443 10 25.237)
Urine output =3 (ml/kg/h) -19.316 (-34.365 10 -4.268)
Blood urea nitrogen =3/Blood urea mtrogen 1.922 (-10.974 10 14.818)



Standard Error
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Lecommends no RRT initation recommends RRT initation Lecommends no RRT initation recommends RRT initation
~ ~

Lecommends no RRT initation recommends RRT initation N
]

-

-

* Initiated RRT

* Did not initiate RRT
1

-40 -3"0 -2lO -10
First decision

T T
20 10 O 10 20 30 40

Third decision

T T T
10 20 30 40 -40 -30 _-20 -10 10 20 30 40 -40 -30

Figure 2




Study precision

7|\
/ \
/ \
95% confidence interval // \\
Naii / \ 95% confidence interval
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\
-~ \\
Overall effect \ Study
N / \
/ \
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/ ® \
/ \
0 - ® 2
| | | | |
-5 0 D 1 1.5
Log(odds ratio)
-
Study result

Inspired by funnel plots in meta-analysis



Standard Error

Lecommends no RRT initation recommends RRT initation . Lecommends no RRT initation recommends RRT initation _ Leeommends no RRT initation recommends RRT initation
~ ]

N or-

b
- -

ird
-

* Initiated RRT

* Did not initiate RRT
1 1 1

40 -30 -20 -10
First decision Second decision Third decision

10 20 30 40

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
0

40 -30 -20 -10 O 10 20 30 40

« Each dot= a patient for whom a decision whether to initiate RRT needed to be made

» Dot colors depict the RRT prescription

« On the onx-axis, predicted blips indicate on a « Hospital free day D60» scalethe magnitude of individual-patient
harm (negative blips) or benefit (positive blips) from initiating RRT at a particular timepoint.

« Uncertainty in the individual-patient blips is represented on y-axis.




Standard Error

Lecommends no RRT initation recommends RRT initation

Leoommends no RRT initation recommends RRT initation Lecommends no RRT initation recommends RRT initation
]

o

~
-

b
-

v

| o ‘.f:o A
= 1 |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
1 n |
| n |
| | |
| | |
+ Initiated RRT | | '
+ Did not initiate RRT | : !
40 30 20 0 0 10 20 30 40 40 30 20 40 0 10 20 30 40 40 30 20 40 0 10 20 30 40
First decision Second decision Third decision

Dots falling in gray-shaded aeragsepresent patients for whom there is evidence of either harm
(left-hand aeras), or benefit (right-hand aeras) from RRT initiation at the 0.05 alpha level.




Standard Error

Leoommends no RRT initation recommends RRT initation _ Lecommends no RRT initation recommends RRT initation N
]

~ -

* Initiated RRT

* Did not initiate RRT
1 1 1

40 -30 -20 -10
First decision Second decision Third decision

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
1
0

T T
10 20 30 40 40 -30 _-20 -10 O 10 20 30 40 40 -30 -20 -10 O 10 20 30 40

* A crude strategywould recommend initiating RRT if a patient’s dot fell on the right-
hand side of the dashed line

X J¢l URUNHKCE UKY Gq



Standard Error

r/ecommends no RRT initation recommends RRT initation

Leoommends no RRT initation recommends RRT initation - Lecommends no RRT initation recommends RRT initation N
>3

o~ L

~
s

+ Initiated RRT

+ Did not initiate RRT
1 1 1

-30 -20 -10
First decision Second decision Third decision

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
: T T

0 10 20 30 40 -40 -30 -20

l ,
-10 10 20 30 40

* A crude strategywould recommend initiating RRT if a patient’s dot fell on the right-
hand side of the dashed line

» A stringent strategy would recommend initiating RRT only if a patient’s dot fell in
the right-hand gray-shaded aera.

X J¢l URUNHKCE UKY Gq



Mean Difference in

Evaluated strategy HFD60 (95% Cl)

Patients initating RRT Hospital
within three days mortality

Crude strategy : o 13.7 (-5.310 35.7)
Stringent strategy } ® 14.9 (-3.2t0 39.2)
Treat all within 24 hours o 1.2 (-15.3 to 12.5)
Standard-delayed (reference) & 0 -
l T I T T l 1
-20 -10 0 10 20 30 40

P .
< >

favors current best practices favors evaluated strategy

53%
14%
100%
38%

41%
38%
43%
45%

Compared to current best practices (i.e., the standard-delayed strategy), the
crude and stringent strategies yielded a 13.7 days and 14.9 days
Improvement in mean hospital-free days at day 6Qespectively




Mean Difference in

Patients initating RRT Hospital

Evaluated strategy HFD60 (95% ClI) within three days mortality
Crude strategy ® 13.7 (-5.3t0 35.7) (53% ) 41%
Stringent strategy ] @ 14.9 (-3.2 t0 39.2) @ 38%
Treat all within 24 hours & -1.2 (-15.3t0 12.5) 100% 43%
Standard-delayed (reference) ; 0 - 45%

| T I l T T 1
-20 -10 0 10 20 30 40

P .
< >

favors current best practices favors evaluated strategy

Compared to current best practices (i.e., the standard-delayed strategy), the
crude and stringent strategies yielded a 13.7 days and 14.9 days
Improvement in mean hospital-free days at day 6Qespectively




Personalizing renal replacement therapy initiation in the ICU:

a statistical reinforcement learning approach

First day

Plug values the variables below take at the time stage 3

KDIGO-AKI occurs.

Age (years)

range in validation set: 19 to 90

70

Creatinine (mg/dL)

range in validation set: 0.310 10.4

2,5

Blood urea nitrogen (mg/dL)

range in validation set: 5to 140

55

Potassium (mmol/L)
range in validation set: 26 10 8.0

5

pH (mmol/L)

range in validation set: 6.88 to 7,63

73

Urine output (mL/kg/h)

range in validation set: 0 010 7.2

0,1

<>

<

<>

<>

Second day

KDIGO-AKI occurrence + 24 hours.t

SOFA

range in validation set: 3 to 20

10

Blood urea nitrogen (mg/dL)

range in validation set: 5to 215

65

pH (mmol/L)

range in validation set; 6.50 to 7.63

7,35

Urine output (mL/kg/h)

range In validation set: 0.0 to 4.8

0

Plug values the variables below take just before stage 3

<>

<>

<>

<>

Third day

Plug values the variables below take just before stage 3
KDIGO-AKI occurrence + 48 hours.1

Blood urea nitrogen (mg/dL)

range in validation set: 5to0 151

68

<>

Urine output (mL/kg/h)

range in validation set: 0.0 t0 4.5

0

<>

SEE INDIVIDUAL-PATIENT RECOMMENDATION




Standard Error

Personalizing renal replacement therapy initiation in the ICU:
a statistical reinforcement learning approach

For a patient with stage 3 KDIGO-AKI and the evolving characteristics below, the stringent strategy recommends:

RRT initiation on the third day (i.e., between 48 and 72 hours after stage 3 KDIGO-AKI occurence).

recommends no RAT initation recommends RRT initation recommends no RRT initation recommends RRT initation recommends no RAT initation recommends RAT initation

=~
< rd <

v
A

~
>

@ Your patient
® |Initiated RRT
@ Did not Initiate RRT

"
) 1 L]

40 -30 20 -1'0 0 10 20 3'0 40 A0 -30 20 -1'0 0 10 20 30 40 -30 20 -1'0 0 10 20 30 40
Blip (first day decision) Blip (second day decision) Blip (third day decision)
-2.0 HFD (-7.0 to 3.0) -0.4 HFD (-6.4 10 5.6) 7.8 HFD (0.8 to 14.8)

Example 1: the stringent strategy recommends RRT initiation on the third day
http://dynamic-rrt.eu/




Standard Error

recommends no RRT initation recommends RRT initation recommends no BRRT initation recommends RRT initation recommends no RRT initation recommends RRT initation

@ Your patient

@ |nitiated RRT

@ Did not initiate RRT
4

L] Ll I 1 1 L) Ll Ll 1 1 1 Ll 1 1 ; L] 1 L]
-40 -30 -20 -10 0 10 20 30 40 40 -30 20 10 0 10 20 30 40 40 30 20 10 0 10 20 30 40

Blip (first day decision) Blip (second day decision) Blip (third day decision)
-0.3 HFD (-6.2 10 5.6) 8.4 HFD (-2.2 to 19.0) 7.8 HFD (0.8 to 14.8)

* Another example
* The crude strategy recommends to initiate RRT the second day
* The stringent recommend to initiate RRT the third day

http://dynamic-rrt.eu/



What is the future for personalization of RRT initiation ?

1. Integrate the recommendation system with the software of some ICU for
an automatic extraction at time 0 (KDIGO 3) and the data necessary to make

recommendations
2. Make decisions jointly by intensivist and the recommendation system

3. After 5years, redevelop the recommendation system to make it more

robust

(it can now be trained on more data that has been automatically extracted and
specifically collected to answer this question)

4. Repeat steps (1-3) every 5 years until system performance reaches a
plateau




RRT modalities: what’s new ?
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Extracorporeal Kidney-Replacement Therapy
for Acute Kidney Injury
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and Didier Dreyfuss, M.D.

CRRT

IHD



REVIEW ARTICLE ‘

ulie R. Ingelfinger, M.D., Editor
g B

Extracorporeal Kidney-Replacement Therapy
for Acute Kidney Injury

Stéphane Gaudry, M.D., Ph.D., Paul M. Palevsky, M.D.,
and Didier Dreyfuss, M.D




Continuous venovenous haemodiafiltration versus

intermittent haemodialysis for acute renal failure in patients

with multiple-organ dysfunction syndrome: a multicentre

randomised trial

Chnistophe Vinsonneau, Christophe Camus, Alain Combes, Marie Alyette Costa de Beauregard, Kada Klouche, Thierry Boulain, jean-Louis Pallot,

Jear-Daniel Chiche, Pierre Taupin, Paul Landais, Jean-Frangois Dhainaut, for the Hernodiafe Study Group®

Lancet 2006
HEMODIAFE

Survival (%)

1-0 —
B IHD
mEm CVVHDF

0-8

0-6

0-4 —

0.2 —

0 | | | | | |
0 10 20 30 40 50

Time (days)
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Continuous renal replacement therapy

versus intermittent hemodialysis as first
modality for renal replacement therapy

in severe acute kidney injury: a secondary
analysis of AKIKI and IDEAL-ICU studies

Stéphane Gaudry'***", Francois Grolleau®, Saber Barbar®, Laurent Martin-Lefevre’, Bertrand Pons®, Eric Boulet®,
Alexandre Boyer'?, Guillaume Chevrel", Florent Montini'?, Julien Bohe'?, Julio Badie'?, Jean-Philippe Rigaud',
Christophe Vinsonneau'®, Raphaél Porcher®, Jean-Pierre Quenot'”'®'" and Didier Dreyfuss**“

Critical Care 2022



RESEARCH Open Access

Continuous renal replacement therapy 2

versus intermittent hemodialysis as first

modality for renal replacement therapy

in severe acute kidney injury: a secondary MAT E R IALS AN D I\/I ET H O DS
analysis of AKIKI and IDEAL-ICU studies

Stéphane Gaudry'#**, Francois Grolleau®, Saber Barbar®, Laurent Martin-Lefevre’, Bertrand Pons®, Eric Boulet®,

Alexandre Boyer'®, Guillaume Chevrel'", Florent Montini'?, Julien Bohe'?, Julio Badie', Jean-Philippe Rigaud'®,
Christophe Vinsonneau'®, Raphaél Porcher®, Jean-Pierre Quenot'*'#'*" and Didier Dreyfuss**°"

* Secondary analysis of two multicentre RCTs (AKIKI and IDEAL-ICU)

* We merged the two datasets

* We included patients allocated to the early strategy in order to
emulate a trial where patients would have been randomised to
receive either IHD or CRRT within 12 hours after severe AKI
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Continuous renal replacement therapy

versus intermittent hemodialysis as first
modality for renal replacement therapy
in severe acute kidney injury: a secondary
analysis of AKIKI and IDEAL-ICU studies

Stéphane Gaudry'#**, Francois Grolleau®, Saber Barbar®, Laurent Martin-Lefevre’, Bertrand Pons®, Eric Boulet®,
Alexandre Boyer'®, Guillaume Chevrel'", Florent Montini'?, Julien Bohe'?, Julio Badie', Jean-Philippe Rigaud'®,
Christophe Vinsonneau'®, Raphaél Porcher®, Jean-Pierre Quenot'*'#'*" and Didier Dreyfuss**°"

* Primary outcome: 60-day overall survival

* Propensity-score methods to balance the differences in baseline
characteristics between groups




Proportion Surviving (%)

A Unweighted sample

1LQ

oL45

oLygo

oL45
=k |HD HR 1L27,
== CRRT | o @inrk

OLG® T T T

0 10 20 30

|_
|_

!'

p=0L0409

100

Days since RRT initiation

Number at risk

IHD 274 206 177 156

CRRT 269 187 155 142

146

125

60

142

117

Proportion Surviving (%)

B Inverse probability of treatment weighted sample

1L 6
OLA5
oLjo -
oLg5
=k |HD WHR 1126, 95% ClI 1L01
== CRRT | ogaintk p=0L0409
0L G#® : : : : : .
0 10 20 30 40 50 60
Days since RRT initiation
Number at risk
IHD 272 204 175 155 150 145 142
CRRT 268 188 156 144 132 126 119

The weighted Kaplan-Meier death rate at day 60 was 54:4% in the CRRT group
and 46-5% in the IHD group (weighted HR 1-26, 95% CI 1-01 to 1-60)



Initiation of Continuous Renal Replacement Therapy Versus
Intermittent Hemodialysis in Critically 11l Patients with Severe
Acute Kidney Injury: A Secondary Analysis of STARRT-AKI

- s I ARR I QAKI
Ron Wald', Stephane Gaudry®, Bruno R. da Costa’, Neill K.J, Adhikari*, Rmaldo Bellomo®,

Bin Du®, Martin P. Gallagher”, Eric A. Hoste®, Frangois Lamontagne®, Michacl Joannidis'®,
Kathieen D. Liu'!, Danicl F. McAuley'?, Shay P. McGuinness'*, Alistair D. Nichol™*, Marlies
Ostermann'® Paul M., Palevsky'®, Haibo Qiu'’, Ville Pettild'*, Antoine G. Schncider'”, Orla
M. Smith®, Suvi T. Vaara®', Matthew Weir™, Didier Dreyfuss®, Sean M Bagshaw™

On behalf of the STARRT-AKI Investigators§

Ron Wald Sean Bagshaw

« All patients (early and delayed group) 227 Patlnts ncuced
* Propensity score methods [

* Primary outcome: composite of death STARRT-AKI received RR

| STARRT-AKI received RRT

or RRT dependence at 90-days T

¥ 24 Missing data on RRT modality
2,196 Patients included in [
RRT modality analysis

W . . — A
1,590 Patients initially 606 Patients initially
received CRRT received IHD




Initiation of Continuous Renal Replacement Therapy Versus
Intermittent Hemodialysis in Critically 11l Patients with Severe

Acute Kidney Injury: A Secondary Analysis of STARRT-AKI @

Ron Wald', Stephane Gaudry®, Bruno R. da Costa’, Neill K.J, Adhikari*, Rmaldo Bellomo®,
Bin Du®, Martin P. Gallagher”, Eric A. Hoste®, Frangois Lamontagne®, Michacl Joannidis'®,
Kathieen D. Liu'!, Danicl F. McAuley'?, Shay P. McGuinness'*, Alistair D. Nichol™*, Marlies
Ostermann'® Paul M., Palevsky'®, Haibo Qiu'’, Ville Pettild'*, Antoine G. Schncider'”, Orla
M. Smith®, Suvi T. Vaara®', Matthew Weir™, Didier Dreyfuss®, Sean M Bagshaw™

On behalf of the STARRT-AKI Investigators§

Ron Wald Sean Bagshaw

After balancing baseline characteristics, CRRT was associated with a lower
risk of the death or RRT dependence at 90-days compared with IHD (OR 0.81;
95% CI, 0.66-:0.99
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After balancing baseline characteristics, CRRT was associated with a lower
risk of the death or RRT dependence at 90-days compared with IHD (OR 0.81;
95% ClI, 0.66-0.99

Subgroup Odds ratio (95% Cl) P-value
RRT strategy 0.30
Accelerated o g 0.74 (0.57, 0.96)

Standard —ii— 0.93 (0.65, 1.34)

CRRT better IHD better



To summarize

* No modality of RRT shows clear superiority (mortality, hypotension)

* Previous studies provided conflicting results on renal recovery

A majority of observational studies
V persistence of cofounding by indication

V renal recovery define strictly as independence from RRT

* We need additional trials with composite outcome (mortality and
renal recovery)




EN
MINISTERE g
DES SOLIDARITES
ET DE LA SANTE

Literts
Egalité
Fraternité

PHRC 2022

| non-inferiority multicenter open-label randomized controlled trial |

 Adults under invasive MV or receiving catecholamine infusion
« RRT indication(s)
* severe hyperK+, severe metabolic acidosis, severe pulmonary edema
« AKI stage 3 with serum urea concentration >40 mmol/L or oligo-anuria>3 days

RANDOMIZATION

CRRT group IHD group

Primary endpoint
major adverse kidney event 90 days after randomization (MAKE90)
death or RRT or serum creatinine > 25% basal value

Number of participants: 1000
ICU centers: n=26

ICRAKI

trial
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Original Article

Study protocol and statistical plan for the ICRAKI trial: Intermittent
haemodialysis versus continuous renal replacement therapy for
severe acute kidney injury in critically ill patients™




Inclusion rate: 501/1000

ICRAKI trial
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In my clinical
practice

Within 24/48 hours Before weaning off After Weaning off Vasopressors
after ICU admission Vasopressors
- Avoid RRT ' CK t NPolofgs UF+
- Avoid UF  Adaptto goals and tolerance
 |HD for patients who need rehabilitation

« CRRT for very fragile patientswith persistent
capilary leak

If IHD: use long sessions!!

Other option: hybrid therapies
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