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Overview

• Introduction

• Pathophysiology

• Hemodynamic

• Optimal management (best way to protect the kidneys ?)

• Heterogeneity & Sub-Phenotypes

• Biological therapies

• Possible “Mechanical” solutions 



Facts

• AKI affects > 10% of Hosp pts & >50% in the ICU

• AKI is lethal problems in the ICU (Mortality 25% ) 

• AKI is costly (x2-x3 the cost) 

• AKI is a sdrm that occurs in the presence of other acute illness

• Sepsis is the most common reason of AKI in the ICU (50% of AKI) 

• SA-AKI has different trajectories





SA-AKI



Sepsis & AKI



Sepsis & AKI are 
Dynamic w/ different trajectories



SA-AKI Trajectories





clinically invisible



the Inconvenient truth is that:

we can not recognize kidney “damage” 
clinically…until it is too late 

Kellum 2020





having AKI suffices to be susceptible to sepsis



even short periods of hypotension of < 5 min were 
independent associated w/ the onset of AKI





when there is AKI the mortality is higher
but hypotension (severe sepsis) is not 

necessary for AKI in pts w/ pneumonia



SA-AKI is a disease of: 
“micro-circulation”

“endothelium”
“mitochondrion”





severe SA-AKI w/ some “gentle” histologic changes



cell cycle arrest. >>> energy saving & 
avoiding DNA damage

the necessary functions for membrane 
potential, like Na/K ATPase, remains

Adaptation





Aestivation or 
“Summer Sleep”







Sepsis & AKI

Dx: Sepsis Dx: AKI

SepsisAKI



it is so difficult to prevent/treat SA-AKI!

• Nephro-toxin / Tubular injury (due to add. of drugs; AMG, Acyclovir)

• Systemic hypotension (hemodynamic instability)

• Micro-thrombi

• Heart Failure (due to sepsis itself) LV HF

• Congestive Nephropathy: intra-renal congestion due to high renal 
vein pressures (simple fluid overload or Rt sided HF)

• Reduced renal reserve (CKD)

• …



in pts w/ Sepsis & AKI
the outcome is dramatically different



Hosp. mortality truncated @ 60 d was:
a-6.2% fpr pts w/o AKI

b-16.8% fpr pts w/ max AKI -1 
c-27.7% for AKI-2 & 3 (p=0.0001)

it is hard to die from SS w/o AKI



Not All SA-AKI are the same 



All these pts have the same form of AKI ?



Optimal management ?
what is the best way to protect the kidneys ?



control the underlying cause





Hemodynamic Stability

• Perfusion pressure is a key factor

• +/- Vasopressors

• Different VC have different action point

• Support of MAP with NE

• Vasopressin allows reduction of norepinephrine doses, thereby reducing 
beta-adrenergic stimulation



Vasopressin is associated with improved CrCl & increased UOP



may be we are 
evaluating different 
groups of pts at the 

same time ?



all these trials were 
negative in larger phase 

studies
one of the potential 

reasons may be 
>>> we study a very 

different populations



Heterogeneity may limit therapeutics



SA-AKI is a heterogeneous clinical sdrm, 
and this heterogeneity may obscure our 

attempts for an effective therapy.



Methods to identify distinct SA-AKI/SP

LCA is a good way to 
identify distinct AKI-SP

Random Forrest



Latent Class Analysis
distinct subgroups of pts, within a larger population

P1
P1

P2
hidden within a 

larger group





identification of 2 types of AKI >>> 2 SP
different & very specific 



in critical illnesses >>> Angpt-1 levels drops & Angpt-2 levels rises  
the ratio Ang-2/Ang-1 is a better marker of “endothelial stability”



Do different SP, helps to chose 
a better ttt/strategy ?  





2 SP with different prognosis
AKI-SP 2 >>> much more worse prognosis 

more risk of dying, more risk of “not recovery of kidney function”



pts w/ AKI-SP 2 did not benefit from the addition of Vsp
pts w/ AKI-SP 1 had a clear benefit from receiving Vsp



trying to Identify the “right pts” 
for the “right therapy”





Do alternative AKI-SP exist ? 
to identify other different SP



• large RCT of 1400 pts

• crystalloids vs vasopressors early for 
resuscitation in sepsis

• a- restrictive resuscitation arm & early 
vasopressor arm

• b- liberal/usual care resuscitation (liberal 
resuscitation) and late vasopressors

• all pts early after the identification of 
septic shock (90% in ER)

Paul Marik



Author’s conclusions: A restrictive fluid strategy during the first 24 hrs, 
did not results in reduced mortality compared to a liberal fluid strategy in 

pts with sepsis-induced hypotension refractory to initial fluid 
resuscitation



the Q was 
>>> potentially do these different AKI-SP, 

responds differently to the amount of 
fluid that they are receiving ?





pts w/o prior AKI >>> liberal fluid may be better
pts w/ prior AKI >>> liberal fluid is harmful





Screen for pts with S-AKI

Identification of AKI-SubP

AKI-SP1 AKI-SP2

Prospective Interventions:
1- which Volume of Fluid for 
Resuscitation
2- which Type of Vasopressor
3- what is the best Timing of RRT
4- which Therapeutics that specifically 
target the Angpt-Tie2 Axis



is there a role for biological therapy 
in SA-AKI ?



anti-inflammatory biological with 
a dual mechanism of action



Alp is anti-inflammatory



rhAlp reduces:
need for RRT & the duration of RRT







REVIVAL

ICU pts w/ sepsis + VC needs (NE at least 0.1 
microgram/kg/min) + KDIGO criteria AKI
interim-analysis >>> 411 pts in the main cohort
Mortality:
Ilofotase alpha >>> 29% & Placebo 26%  
>>> Mort not sig different >>> the trial was 
stopped for futility !
BUT 
a key 2nd endpoint >>> MAKE 90 >>> sig better 
w/ Ilofotase >>> mainly for reducing the need 
for RRT (28% vs 36%) 



the renal therapeutic efficacy of Ilofotase
alpha is more pronounced in 
pts w/ a lower pre-AKI eGFR



“mechanical” possible 
solutions







the “peak concentration” hypothesis

a-specific removal of mediators 
>>> remove what is higher in concentration 
>>> trying to “equilibrate” the response 
>>> slowing down the excess 
>>>  & so, the maximal “deviation” from the physiological pathways 







scientific evidence 
decrease the mortality ?





NE dose = hemodynamic stability:
not different between membranes 

did not remove inflammatory mediators
did not measured any targets



cutting the peak & creating a gradient



if we can RESTORE the gradient we can get PMN 
to home to the site of infection (tissue)

and clear the bacteria



think sepsis/think uremia
(think in the same way)

• Uremia: we still do not exactly know, what are the molecules that we 
want to remove !

• Sepsis: we are not completely sure that ,what we want really to 
remove !

• Both: we want rather “to remove things” to achieve a balance              
(re-equilibration) 



MOST
ECOS

Sequential Extra-corporeal Therapy (SET))



Concluding Thoughts

• SA-AKI has many features & many causes

• SA-AKI is not induced by hypo-tension

• Cells may not die but may “adapt” to their new critical situation

• It is difficult to choose the right and-point @ the right time

• By finding SA-AKI SP way have the chance of detection the right pt for the 
right treatment

• Insight into the pathophysiology offers opportunities for “targeted 
interventions” for SA-AKI prevention/ resolution

• Today there are NO specific therapies for SA-AKI & until then the 
management of SA-AKI (kidney protection), consist of good management 
of sepsis + possible some other solutions [mechanical (S.E.T)] 



MERCI


