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AKl in Patients with Sepsis
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I Nephrologist I
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[ Sepsis-Associated AKI Definition ]J

SEPSIS CLINICAL CRITERIA
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Epidemiology Of SA-AKI
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Is the kidney a victim or the cause
of the sepsis?
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3 Models of Sepsis and AKI

Presentation . Hospital-acquired
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( Mitochondrial Dysfunction

Microvascular
Dysfunction
Pathophysiologic
: RAAS Dysfunction
Mechanisms of

SA-AKI

Complement Activation

Oxidative Stress
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Sepsis

PAMPs and DAMPs
+
Background susceptibility

1.

associated AKI
Sepsis-induced AKI

Renal recovery achieved

{ [

mmunomodulation Inflammation Complement RAAS Mitochondrial Metabolic Microcirculatory Macrocirculation

= Epithelial redifferentiation or
total adaptive repair

= Partial or total adaptive
repair with minimal fibrosis

= Partial or total recovery of
GFR and tubular function

T T T T 11 v

activation dysfunction dysfunction reprogramming dysfunction alteration

Endotype 1 type 2

: T

Tubular, glomerular, podocyte injury

Tissue tolerance

Subphenotype 1 ) 4 Subphenotype 3
(e.g. KDIGO 1/BM~* or BM-)

Subphenotype 2 (e.g. KDIGO 2-3/BM*)

(e.g. KDIGO 2-3/BM™)

Maladaptive repair

https://doi.org/10.1038
/s41581-023-00683-3

Progression to AKD and CKD

Sepsis therapies
Nephrotoxic drugs
Fluid therapy

Atrophy and
epithelial-to-

= Persistent epithelial de-differentiation

= Atrophy, senescence and fibrosis

= Persistent loss of tubular function with
partial return or compete loss of GFR

= Epithelial-to-mesenchymal transition

mesenchymal | |
transition

Peritubular 7 7 Decreased capillary
capillary density and flow
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l Limitations of Define and Diagnosis of SA-AKI ]]

Table 1 Staging of AKl acording fo KDICO guidelnes,

Serum Creatinine Criteria Urine Qutput
SCr 1510 1.9 times the baseline value
Stage OR Qml/kg/hfor6-12h
e 203 mg/dL (2265 ymal L
Stage SCr 201029 fimes baseline mL/kg/hfor 212h
SCrrises o 3.0 times baseline
OR 3mL/kg/hfor X
Staged Increse in Cr o 24 0mg /dL (>34 umol/L)  OR
OR Anuria for >12h

Need for nfiaton of enal replcement therapy
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[ Staging of AKI by ADQI-23 Consensus ]

Table 1. Proposed New Definition and Staging of Acute Kidney Injury by the ADQI-23 Consensus Conference®

KDIGO stage Functional criteria Biomarkers New stage
No AKI No increased sCr level (20.3 mg/dL) in <48 hand Negative No AKI
No increased sCr level (21.5 mg/dL from baseline) in 7 d and -
) , Positive 1S
U0 >0.5 mL/kg/h in 6-h period
1 Increased sCr level (20.3 mg/dL) in <48 hor Negative 1A
Increased sCr level (1.5-1.9 times baseline) in <7 d or Positive 1B |
U0 <0.5 mL/kg/h for 6-12 h |
2 Increased sCr level (2.0-2.9 times baseline) or Negative 2A |
U0 <0.5 mL/kg/hfor 212 h Positive 2B
3 Increased sCr level (23.0 times baseline) or Negative 3A
SCr level 24.0 mg/dL with acute increase of 20.3mg/dLor  psitive 3B
U0 <0.3 mL/kg/h for 224 hor
Anuria for 212 h or
Initiation of kidney replacement therapy

JAMA Network Open. 2022;5(5):e2212709.
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[ Biomarkers Roles in SA-AKI ]

Yalmowski et al. Annals of Intensive Care  (2024) 14:111 Annals of Intensive Care
\tps/doi.org/10.1186/513613-024-01349-4

Predictive enrichment for the need of renal ==
“replacement in sepsis-associated acute kidney
injury: combination of furosemide stress test
and urinary biomarkers TIMP-2 and IGFBP-7

| _ars Palmowski'’, Simone Lindau®", Laura Contreras Henk’, Britta Marko', Andrea Witowski',

| Hartmuth Nowak'*, Sandra E. Stoll>, Kai Zacharowski’, Bemd W. Bottiger”, Jiirgen Peters’, Michael Adamuzik',
| abian Dusse>” and Tim Rahmel' '@

\

https://doi.org/10.1186/513613-024-01349-4 |
N\ - Ja & s ; : A alliie
C‘ VISN Jouin S bulpi jo S ylpl sjglgai ale praseil & pulpw jlisouw (ramojlgo ‘ﬂﬁﬁ’




\‘l‘\ ISN dlb.ugbh;b.w;édalbul);IGJQJngwalcu.oml 6wl jlouw o mojlgo ‘Hlf’

Artificial Intelligence(Al) and Machine Learning In SA-AKI

i
b3 808 ea

PHROLOGY

INTERNATIONAL SOCIETY

2t National Congress of the Iranian Society of Nephrology (NIFSN)



Hour-1 Bundle

‘(‘f].”.

m’
S)
I| l

IRANIAN SOCIETY OF NEPHROLOGY




Flow Chart Of The Diagnostic And
Treatment Algorithm

Sepsis

= Hemodynamic optimization
(including volume resuscitation,
inotropes, vasopressors)
= Antibiotics
= Control or removwval of source infection
= Frequent lactate measurements

|

p
Assessment of the kidney: W

P

- Closely monitor serum
creatinine and urine output
‘ = Consider biomarkers ‘

= Doppler of the kidney
= Urine analysis

No risk for AKI High risk for AKI

| !

Standard of care ] Implementing supportive measures:

= Frequent measurement of serum creatinine
and capturing hourly urine output

= Optimization of hemodynamics (Figure 2)

= Avoidance of venous congestion

= Avoidance of potentially nephrotoxic drugs
if possible

= Avoid radio contrast agent when possible

= Avoidance of hyperglycemia

—

- - -

SA-AKI
= Continue with supportive measures
= Diuretics if needed to avoid volume overload
- Bicarbonate if needed
= Initiate KRT when patients develop absolute indications for KRT?
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Point-Of-Care Ultrasound(POCUS) In SA-AKI
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Fluid Accumulation Syndrome

BRAIN

Cerebral edema
P Increase, ICS

oig

Pulmonary edema
EVIW increase

Myocardial edema
CVP increase

Renal edema, Rcs
Salt/H.0 retention

L "" Co’wmton

.

GUT congestion
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[ Critically ill with sepsis j

\
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o Resuscitation - Administer fluids to reverse hypoperfusion

= Establish diagnosis of sepsis and hypoperfusion.

» Administer initial fluid boluses.

» Administer vasopressors if necessary (eg, norepinephrine, vasopressin).
» Assess responsivenss to fluids and treat infection.

y

e Optimization - Establish perfusion to organs and tissues

LR L TR TR Y S
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» Consider risks and benefits of additional fluid administration based on
responsiveness to fluids and signs of hypoperfusion.

» Titrate vasopressors and inotropes for specific hemodynamic targets
(eg, lactate, capillary refill time).

J

€) Stabilization - Maintain perfusion

ROSE
Protocol

A

Monitor for fluid overload and associated organ dysfunction.
Assess and treat any organ dysfunction.

Consider a restrictive approach that limits additional fluids.
Monitor capillary refill time, lactate, and other perfusion markers.

v .

e Evacuation - Facilitate recovery and remowval of excess fluid .-

cssssssssmsssss

= Consider remowval of excess fluid accumulated during critical illness
using diuresis or Kidney replacement therapy if indicated.

= Initiate early rehabilitation, mobilization, and nutrition plans.

E Discharge from hospital J \\ )
i
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L Optimization Of the Volume and haemodynamic Status }

Increase of

T CO=10%
" PLRT | [ Volume: erystalloids 500-1000 mi }—

Increase of |,
Co =10

';-1 ; 5
Ll | = 2.5 imin/m :{ Dobutamine or epinephrine ]—

=z 2.5 l/min/m? |«

(map =229 Cnorepinephrine |

Mo ) Yes f Check every 6 hrs on the first
—| Goal achieved? ] -L day, then twice a day J

Nephrol Dial Transplant, 2024, 39, 26-35
https://doi.org/10.1093/ndt/gfad 142
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Major trials on balanced solution versus 0.9% saline on Kidney outcomes

Infographic by Priti Meena, MD, FASN @Priti899

SALT-ED SMART BaSICS PLUS

2018 2018 2021
l ' & ol [ lMulti-center site
l Plasma-Lyte 148

Site

Plasma-Lyte 148
vs 0.9% saline

Plasma-Lyte A and RL
vs 0.9% saline

Single-center sit Multi-center si
vs 0.9% saline

it vs 0.9% saline

Somparative l Plasma-Lyte A and RL

90-Day survival; receipt of
new KRT

Median hospital-free days to MAKE within 30 days; in-hospital 90-Day survival; incidence of AKI
day 28; MAKE within 30 days mortality and need for KRT

Emergency

RCT non- blind - bli . RCT double-blind RCT double-blind

Result No difference in hospital-free Lower composite outcome of No difference in survival at 90 No difference in survival at 90
days; lower MAKE-30 death and MAKE-30 with days; no difference in incidence days; no difference in incidence
in balanced solutions group balanced solutions group of AKI or need for KRT of AKI or need for KRT
@ Bottom line  pajanced solutions safer for Balanced solutions safer for ~ Use of balanced salt solutions ~ Use of balanced salt solutions did
.//‘ | kidneys than 0.9% saline in kxdneys, decreased the did not reduce mortality or ‘ not reduce mortality or kidney
red outcomes when compared with

‘emergency department setting kid ( s wh

RL, Ringer’s lactate.
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ALBIOSS-BALANCED trial

(Efficacy of Albumin Replacement and Balanced Solutions in Patients with Septic Shock)

ALBIOSS 2

’ Pietro Caironi (Pl), Antonio Pesent;' (co—Pl)rl

2-by-2 factorial reciprocal control design trial in septic shock pts

Hypothesis | Hypothesis 2
Albumin + Crystalloids vs. Crystalloids Balanced sol. vs. 0.9% NaCl

Septic Efficacy of Albumin Replacement
Shock Efficacy of Balance Crystalloids

’;}*U Study design — Multicenter RCT of phase Il

ALBIOSS-BALANCED trial Grant from the

2-by-2 factorial, investigator-initiated, open-label, multicenter, randomized, Italian ministry of Health
s 2 A 4 S R | REINIANIIAIECERR
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/ ﬂSurviving Sepsis-.

Campaign ¢’ Updates

NE= DA NE first line NE first line

AVP 2™ |ine EARLY AVP 2" |ine
2004 | | 2008 2012 | 2016 2021

Figure 2. Surviving Sepsis Campaign updates. NE: norepinephrine; DA: dopamine; AVP: arginine
Vasopressin. /
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RATIONALE FOR
AVP USE IN SEPTIC SHOCK

AlVP
DEFICIENCY Catecholamines Nephroprotective

In septic shock

()
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| Nephroprotective Effect Of AVP In Septic Shock ‘

SEPTIC
SHOCK NOREPINEPHRINE VASOPRESSIN
L 2 &
A

\'_
‘I

vasodilation

Vasoconstrictor effect only on
renal efferent arterioles, increasing
glomerular filtration

| doi: 10.3390/jpm13111548. PMID: 38003863
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Septic shock with NE > 0.25 pg/kg/min
plus 200 mg hydrocortisone iv/24 h
and perfusion insufficient

Start (< 6hours) AVP 0.01 IU/min

Perfusion sufficient Perfusion insufficient

! |

Decrease NE to 0.1 pg/kg/min Increase AVP gradually up to 0.03 1U/min
l_ every 20 min

Perfusion sufficient

]

AVP titrate down to 0.01 IU/ min every 60 minutes

U

Taper NE and stop
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Does Bicarbonate Therapy Help Patients with Severe Metabolic Acidemiain

the ICU? BICAR-ICU TRIAL

AKIN 2 2

(a-priori subgroup)

LML
Composite
Outcome

Mortality

Methods Intervention 1Y Composite Outcome RRT
g +
|'? Mortality 2 1 organ failure

No — oH<7.30 71% 52%

26 ICUs |
n = 1441194 Il

n =389

82% 63%

Pragmatic, Unblinded

Severe Acidemia

H <7-20;
HCO, < pzu PaCO, <45) NS p = 0.0009

ﬁ@ - ﬁ = £1% 66% 35%

4.2% pH >7.30

+ NaHCO; n= 117195
SOFA Scorez 4

p = 0.04 p=0.01

1 RANDOMIZATION
L
8
o

1

70% 46%

Conclusion: In patients with severe metabolic acidemia, sodium bicarbonate had no effect on the primary composite

outcome. However, it decreasedthe primary composite outcome and day 28 mortality in the a-priori defined stratum of

patients with acute kidneyinjury.
JaberS, et al. The Lancet 2018 PMID: 29910040 W @divyaa24 for #Lastmonthinnephrology
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Mediators Available Devices

Pathogens e * *

At i =
DAMPs ﬁ gﬁ Seraph 100

HMGB1 Histones

\“%

Bacterial DNA

PAMPs %%01@‘;2 QQ%EPS
S "~

§dsm\m

Cytokines ﬂ Qle\
.

Cytosorb Jafron — HA380
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PD Intermittent HD
eManuzl eShort
eAutomated *Prolonged

*Extracorporeal Blood
Purification (EBP)

*Extracorporeal Organ
Support (ECOS)

*Multiple Organ Support
Therapy (MOST)

CRRT

«CVVH, CVVHD,

CVVHDF
*SCUF

‘ ' eAlbumin Dialysis

Target:
selective
removal

(endotoxin®,
pathogens®)

Target: (MARS, SPAD)
nonselective *CRRT
remowal (middle . *Plasma adsorption
molecules, drugs, Nonselective (CPFA, DPMAS, PAP,
protein-bound Removal PFAD) )
compounds) ePlasmapheresis
*CRRT with: CPFA
hemoperfusion
HCO/MCO/adsorptive
membranes

sHigh volume CRRT

*ECCO.R
*ECMO (VA or VV)
*LVAD
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