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Overview

* Introduction

* Pathophysiology

* Hemodynamic

* Optimal management (best way to protect the kidneys ?)
* Heterogeneity & Sub-Phenotypes

* Biological therapies

I”

e Possible “Mechanical” solutions



Facts

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

* AKl is lethal problems in the ICU (Mortality 25% )

* AKI is costly (x2-x3 the cost)

e AKl is a sdrm that occurs in the presence of other acute illness

* Sepsis is the most common reason of AKl in the ICU (50% of AKl)
* SA-AKI has different trajectories



Criteria: Patients must have one of the following
* |ncrease in SCr > 0.3 mg/dL within 48 h

¢ [ncrease in SCr > 1.5 x baseline that is known o
presumed to have occurred within the past 7 d

¢ Urine volume < 0.5 mL/kg/h for 6 h

Severity

Stage 1 1.5-1.9 x baseline SCr or
> 0.3-mg/dL increase in baseline SCr

Stage 2 2.0-2.9 x baseline SCr

Stage 3 3.0 x baseline SCr or increase in SCr to
> 4.0 or renal replacement therapy (eg, dialysis)

Special Communication | CARING FOR THE CRITICALLY ILL PATIENT

The Third International Consensus Definitions
for Sepsis and Septic Shock (Sepsis-3)

Mervyn Singer, MD, FRCP; Clifford S. Deutschman, MD, MS; Christopher Warren Seymour, MD, MSc; Manu Shankar-Hari, MSc, MD, FFICM;
Djillali Annane, MD, PhD; Michael Bauer, MD; Rinaldo Bellomo, MD; Gordon R. Bernard, MD; Jean-Daniel Chiche, MD, PhD;

Craig M. Coopersmith, MD; Richard S. Hotchkiss, MD; Mitchell M. Levy, MD; John C. Marshall, MD; Greg S. Martin, MD, MSc;

Steven M. Opal, MD; Gordon D. Rubenfeld, MD, MS; Tom van der Poll, MD, PhD; Jean-Louis Vincent, MD, PhD; Derek C. Angus, MD, MPH

« Sepsis is defined as life-threatening organ dysfunction caused by
a dysregulated host response to infection.

 Organ dysfunction can be identified as an acute change in total
SOFA score =2 points consequent to the infection.

» Septic shock is a subset of sepsis in which underlying circulatory
and cellular/metabolic abnormalities are profound enough to
substantially increase mortality.

» Patients with septic shock can be identified with a clinical construct
of sepsis with persisting hypotension requiring vasopressors to
maintain MAP =65 mm Hg and having a serum lactate level

>2 mmol/L (18 mg/dL) despite adequate volume resuscitation.

With these criteria, hospital mortality is in excess of 40%.
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Sepsis & AKI

ED/hospital Diagnosis of S-AKI| Day 7 Hospital Day 90
admission (day 0) discharge



Sepsis & AKI are
Dynamic w/ different trajectories

Infection >>> Immuno response >>> Organ Damage
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SA-AKI Trajectories

Never reversed

Stage 2 AKI
Stage 1 AKI
Subclinical AKI and : Relapse, recovery
normal kidney ’ Late sustained reversal
function

Early sustained reversal

Admission 7d Hospital discharge



Sepsis-Associated Acute Kidney Disease

ProCESS Trial Prediction of Developing AKD at Day 7

1,341 Patients with Septic Shock
***ﬁ** + Biomarkers at 0, 6, 24 hours Clinical Model AUC =0.71

598 Patients with Stage 2, 3 AKI

Clinical Model +
E ly Death within 7 d
arly eara Wi in [ aays Urinary TIMP-2*IGFBP7 > W\l ke:
(19.9%)
(6 hours)

22‘;3 Ea”g’fze;ersa' Clinical Model +
(26.9%) (53.2%) Urinary NGAL AUC = 0.74
(6 hours)
Never Reversed (90.7%) Sustained RGVGI’SG' (85.9%) AUC, area under thelcqrve; IGFBP?, insulin-like gg)wth facto’rp binding protein 7;f
Late Reversal (9.3%) Relapse, Recovery (5.1%) o Sy i s Sy s il b e
Relapse, No Recovery (9.0%
P Yy (9.0%) CONCLUSION:

Only 9.3% of patients with AKD recovered at hospital discharge AKD is common after septic shock. Existing
AKI biomarkers have limited utility for

predicting AKD but might be useful together
R E PO R T S Peerapornratana et al, 2020 with clinical variables.
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tissue repair in reversible experimental kidney disease

INT lHNAl IONAL SOCETY
OF NEPHROLOGY

Current kidney function parameters overestimate kidney kl dn ey \ ISN
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the Inconvenient truth is that:

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

Kellum 2020
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Differential effects of kidney-Hung cross-talk during

acute kidney injury and bacterial pneumonia

Kai Singbartl', Jeffery V. Bishop', Xiaoyan Wen', Raghavan Murugan', Saurabh Chandra’,
Marie-Dominique Filippi® and John A. Kellum'

7Department of Critical Care Medicine, CRISMA Center, University of Pittsburgh, Pittsburgh, Pennsylvania, USA and
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having AK| suffices to be susceptible to sepsis

Immunosuppression

e All infection
(e.g., pneumonia,
intraabdominal
infection, urinary
tract infection)

Acute kidn

Fluid overload

* Lung edema
¢ Soft tissue edema
* Bowel edema

e Wound infection
due to poor healing

Sepsis

ey injury

state

e Lung injury

Hyperinflammatory

¢ Intestinal barrier

dysfunction

* Pheumonia

¢ Intraabdominal

infection

Kidney
replacement
therapy and

catheter-
associated
infection

* Bloodstream
infection
* Wound infection



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

Adjusted Odds Ratio (95% ClI)

Time MAP <55

mmHg (min) Acute Kidney Injury Myocardial Injury Cardiac Complication 30-day Mortality
0 Referent

1-5 1.18 (1.06-1.31) 1.30 (1.06-1.58) 1.35 (1.15-1.58) 1.16 (0.91-1.46)
6-10 1.19 (1.03-1.39) 1.47 (1.13-1.93) 1.46 (1.17-1.83) 1.16 (0.84-1.60)
11-20 1.32 (1.11-1.56) 1.79 (1.33-2.39) 1.50 (1.16-1.94) 1.26 (0.89-1.80)
>20 1.51 (1.24-1.84) 1.82 (1.31-2.55) 1.95 (1.46-2.60) 1.79 (1.21-2.65)

Estimates adjusted for patient age, sex, Charlson comorbidity index, emergency procedure status, type of surgery, preoperative hemo-
globin, decrement in hemoglobin concentration, estimated blood loss, and volume of erythrocyte transfusions.

MAP = mean arterial pressure.



The NEW ENGLAND JOURNAL of MEDICINE

REVIEW ARTICLE

MECHANISMS OF DISEASE

Acute Renal Failure and Sepsis

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

CUTE RENAL FAILURE OCCURS IN APPROXIMATELY 19 PERCENT OF

patients with moderate sepsis, 23 percent with severe sepsis, and 51 percent

with septic shock when blood cultures are positive (Tables 1 and 2).* A pro-
gressive increase in the acute respiratory distress syndrome also occurs with moderate
and severe sepsis and septic shock. In the United States, an estimated 700,000 cases of
sepsis occur each year, resulting in more than 210,000 deaths; this number accounts
for 10 percent of all deaths annually and exceeds the number of deaths due to myocar-
dial infarction. The combination of acute renal failure and sepsis is associated with a
70 percent mortality, as compared with a 45 percent mortality among patients with
acute renal failure alone. Thus, the combination of sepsis and acute renal failure con-
stitutes a particularly serious medical problem in the United States. * Substantial progress
has been made toward understanding the mechanisms whereby sepsis is associated
with a high incidence of acute renal failure. Moreover, recently identified clinical inter-
ventions may be able to decrease the occurrence of acute renal failure and sepsis and
the high associated mortality.

From the Department of Medicine, Univer-
sity of Colorado Health Sciences Center,
Denver. Address reprint requests to Dr.
Schrier at the Department of Medicine,
University of Colorado Health Sciences Cen-
ter, 4200 E. 9th Ave., Box C-281, Denver, CO
80262, or at robert.schrier@uchsc.edu.

N Engl ) Med 2004;351:159-69.
Copyright © 2004 Massachusetts Medical Society.

Bacteremia and endotoxemia

:

Induction of nitric oxide synthase

v \
l Renal vasoconstriction with
sodium and water retention

A

Increased arginine
vasopressin

Nitric oxide—-mediated
arterial vasodilatation

Increased RAAS/

l Increased sym pathetic tone

Arterial underfilling and
baroreceptor activation

Cardioregulatory center
of the central nervous system
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see commentary on page 485

Acute kidney injury in non-severe pneumonia is
associated with an increased immune response and
lower survival

Raghavan Murugan', Vijay Karajala-Subramanyam', Minjae Lee'?, Sachin Yende', Lan Kong'?,
Melinda Carter', Derek C. Angus' and John A. Kellum', on behalf of the Genetic and Inflammatory
Markers of Sepsis (GenIMS) Investigators

"The CRISMA Laboratory, Department of Critical Care Medicine, University of Pittsburgh School of Medicine, Pittsburgh, Pennsylvania,
USA and 2Department of Biostatistics, University of Pittsburgh Graduate School of Public Health, Pittsburgh, Pennsylvania, USA

Non-severe sepsis subgroup

when there is AKI the mortality is higher
but hypotension (severe sepsis) is not
necessary for AKl in pts w/ pneumonia

Non-1CU subgroup
AKI (n=386)

___——No AKI (n=1158)

P <0.001

35
25 AKI (n=302) 30
X 20 L 25
S 15 ~~No AKI (n=962) = 20
g 10 g 15
S 5 P < 0.001 S 1g
01 . . . | 0 {
0 100 200 300 400 0

Days after pneumonia

100 200 300 400
Days after pneumonia



Glomerular shunt capillaries

Shunted 47 S
flow #Z% Afferent constriction Efferent dilatation
Blood / @ PAMPS/DAMPs . APC
flow " Activated leucocyte Q ROS
O Platelet @ Healthy mitochondria
@ RBC @™ Injured mitochondria
Bowman's Peritubular = TLR
capsule capillaries
Filtered
DAMPs/PAMPs

SA-AKI is a disease of:
“micro-circulation”
“endothelium”
“mitochondrion”
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Nephrol Dial Transplant (2014) 0: 1-7 120
doi: 10.1093/ndt/gfu052 n

gy Dialysis
Editorial Review

[

Glomerular haemodynamics, the renal sympathetic nervous
system and sepsis-induced acute kidney injury
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Mean Arterial Pressure (mmHg)

Paolo Calzavacca', Clive N. May” and Rinaldo Bellomo™*
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Renal Histopathology During Experimental Septic
Acute Kidney Injury and Recovery®

Christoph Langenberg, MD, PhD'; Glenda Gobe, PhD? Sally Hood, MSc'; Clive N. May, PhD';

Rinaldo Bellomo, MD, PhD’

Objectives: Our understanding of septic acute kidney injury is
limited. We therefore assessed renal histopathological changes
induced by septic acute kidney injury and their evolution during
recovery.

Design: Prospective experimental study.

Setting: Physiology Research Institute.

Subjects: Twenty-two Merino sheep.

Intervention: We induced septic acute kidney injury by continu-
ous IV infusion of Escherichia coli. We studied histology, immu-
nohistochemistry, markers of apoptosis, and expression of nitric
oxide synthase isoforms and hypoxia-inducible factor-1a. Analysis
was performed on kidneys from normal sheep, sheep with septic
acute kidney injury, and sheep after recovery from septic acute
kidney injury.

Measurements and Main Results: In normal, septic, and recovery
sheep, respectively, serum creatinine was (median) 82 (interquar-
tile range, 70-85), 289 (171-477), and 70 (51-91) umol/L and
renal blood flow was 270+42, 65631210, and 250+ 49 mL/min.
There were no histological differences between baseline, acute
kidney injury, and recovery sheep. There was no evidence of mac-
rophage or myofibroblast infiltration, no evidence of caspase-3

*See also p. 225.

'Florey Institute of Neuroscience and Mental Health, University of Mel-
bourne, Parkville, VIC, Australia.

University of Queensland School of Medicine, Princess Alexandra Hos-
pital, QLD Australia.

cleavage to suggest activation of apoptotic pathways, and no
increase in neutrophil gelatinase-associated lipocalin to suggest
tubular injury. Similarly, quantification of apoptosis revealed no dif-
ferences between the normal and septic groups (normal: median,
3; interquartile range, 0-5 cells per visual field and septic acute
kidney injury: median, 3.5; interquartile range, 0-8 cells per visual
field; p=0.618), but in the recovery group, there was increased
apoptosis (median, 14; interquartile range, 4-34 cells per visual
field; p = 0.002). Expression of all nitric oxide synthase subtypes
increased significantly in the renal cortex during septic acute
kidney injury but tended to decrease in the medulla. Medullary
hypoxia-inducible factor gene expression decreased from 1.00
(95% Cl, 0.74-1.36) to 0.26 (95% Cl, 0.09-0.76) in recovery
(p = 0.0106). Both inducible nitric oxide synthase and neuronal
nitric oxide synthase expressions correlated with renal blood flow.
Conclusion: The lack of any tubular injury or increased apoptosis,
the increased expression of all cortical nitric oxide synthase iso-
forms, and the link between inducible nitric oxide synthase and
neuronal nitric oxide synthase with renal blood flow suggest in
this experimental model that severe sepsis acute kidney injury
can develop in the absence of histological or immunohistological
changes and may be functional in nature. (Crit Care Med 2014;
49:¢58-€67)

Key Words: acute kidney injury; apoptosis; histology; nitric oxide
synthase; renal blood flow; sepsis
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Research

The histopathology of septic acute kidney injury: a systematic

review

Christoph Langenberg™?, Sean M Bagshaw'3, Clive N May and Rinaldo Bellomo'#

Human studies

Study Cause Acute kidney injury definition Method

of patients (%)

Cases of AKI/number  Acute tubular

necrosis (%)

Hotchkiss and colleagues [10] Sepsis/septic Serum creatinine >2 mg/dland  Postmortem 12/20 (60)
shock urine output <20 ml/kg/hour x 6
hours
Sato and colleagues [13] Sepsis Not available Postmortem  6/6 (100)
Mustonen and colleagues [9] Sepsis/shock/ Not available Biopsy 57/57 (100)
hypovolemia
Rosenberg and colleagues [12] ~ Sepsis Serum creatinine >3.5 mg/d| Biopsy 1/1 (100)
and urine/plasma osmolality >1
Zappacosta and Ashby [14] Sepsis Not available Biopsy 1/1 (100)

Diaz de Leon and colleagues [11] ~ Severe sepsis Serum creatinine, urine output,
urine/plasma osmolality (not

specified)

Biopsy 107/332 (32)

“Renal biopsy was only performed in 40 patients (37% of the acute kidney injury (AKI) cohort, 12% of the total cohort).

~

cell cycle arrest. >>> energy saving &
avoiding DNA damage
the necessary functions for membrane
potential, like Na/K ATPase, remains
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Blood flow
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Aestivation or
“Summer Sleep”



systemic inflammation

* Release of IL-18, IL-6, IL-8, IL-18,
TNF-a, chemokines and ROS

« Activation of the complement system @

Dysregulated immune responses and Q

 Activation of the NLRP3 inflammasome

Dysfunction of renal microvascular (Z=D
endothelial cells ‘

* Increase of microvascular permeability mediated
by the VEGF/NVEGFR2, ANG2/Tie2 and
S1P/S1PR1 signaling pathways

» Shedding of endothelial glycocalyx

N

[Sepsis-induced AKI

Hemodynamic changes

» Renal blood flow
* Macrocirculation
* Microcirculation

¢V
/N A\

The injury of renal tubular epithelial cells

* TLRs/NF-kB WUW‘J
U

* Pro-inflammatory cytokines
* Over-production of ROS

» Mitochondrial injury

* Autophagy
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TPAMPs/DAMPs

T Inflammatory cascade

M Oxidative stress

J Adaptation of tubular
epithelial cells

T Cell cycle arrest and
apoptosis

Acute kidney injury

Sepsis

M Pro-inflammatory cytokines

T Macrovascular
& microvascular dysfunction

M Tissue
swelling

M intrarenal shunting
MMicrothrombi

J Kidney perfusion and oxygenation
M Endothelial leak

Immunosuppression

¢ All infection
(e.g., pneumonia,
intraabdominal
infection, urinary
tract infection)

Acute kidney injury
Fluid overload Hyperinflammatory
state
* Lung edema * Lung injury
¢ Soft tissue edema * Intestinal barrier
e Bowel edema dysfunction
* Pneumonia

* Wound infection
due to poor healing

Sepsis

* Intraabdominal
infection

3!3?

Kidney
replacement
therapy and

catheter-
associated
infection

¢ Bloodstream
infection
¢ Wound infection



Sepsis & AKI




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



The Effects of Alternative Resuscitation Strategies on Acute Kidney

Injury in Patients with Septic Shock it iS hard to die from SS W/O AKI

John A. Kellum'2, Lakhmir S. Chawla®®, Christopher Keener'*, Kai Singbart!>°, Paul M. Palevsky?®7, Francis L. Pike',
Donald M. Yealy®, David T. Huang', and Derek C. Angus’; for the ProCESS and ProGReSS-AKI Investigators*
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Days
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)



Not All SA-AKI are the same



All these pts have the same form of AK| ?

ED/hospital Diagnosis of S-AKI Day 7 Hospital Day 90
admission (day 0) discharge



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



control the underlying cause
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Estimating the burden of sepsisis complicated
by the heterogeneous presentation of patients,
controversy in clinical definitions, varying levels
of awareness of sepsis as well as different coding
systems for sepsisin hospital databases. An
estimate in high-income countries suggests that
31.5 million cases of sepsis occur annually, with
potentially 5.3 million deaths. Data are scant
onincidence and mortality in low-income and
middle-income countries.

Designed by Laura Marshall

Treatment
of sepsis needs
to be early and
aggressive, and has
three main components

, MANAGEMENT

Revised approach

For the Primer, visit d0i;10,1038/nrd p.2016.45

PBE MECHANISMS

S T T

>

MODULATION OF THE SEPTIC RESPONSE

Many biological agents to modify the early septic response have been assessed; these

include antibodies that target various components of the signalling cascades in sepsis.
However, none has proven effective to date, although several are still in trials.

®)) PREVENTION

Given that hospitalized patients
are at high risk of developing
sepsis, clean care and minimization
of invasive procedures are
effective preventive strategies.
Hospitals should implement early

warning systems that evaluate However, a considerable number
haemodynamics, urine output, body of patients develop sepsis outside of
the hospital setting. In this regard,
vaccination to reduce the burden

of infectious disease can reduce the
risk of sepsis.

temperature and mental function
incriticallyill patients to prevent
sepsis and its progression to septic
shock and multiple organ failure.

@ YONA Ao lanm P dhlichare l imitad All riohte racarved

Time

innate and the adaptive immune systems in spite
of ongoinginflammation. This phase of sepsisis
characterized by profound leukocyte apoptosis.
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[ Endothelialbarrier dysfunction occurs

. early in sepsis and septic shockin
particular, leading to hypotension and oedema
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Article number: 16046; d0i;10.1038/nrd p.2016,46; published online 30 June 2016




Hemodynamic Stability

* Perfusion pressure is a key factor

* +/- Vasopressors

* Different VC have different action point
e Support of MAP with NE

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



Vasopressin is associated with improved CrCl & increased UOP
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Heterogeneity may limit therapeutics



SA-AKl is a heterogeneous clinical sdrm,
and this heterogeneity may obscure our
attempts for an effective therapy.



Methods to identify distinct SA-AKI/SP
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Latent Class Analysis
distinct subgroups of pts, within a larger population
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Integrated Analysis of Blood and Urine Biomarkers to Identify
AKI Subphenotypes and Associations With Long-term Outcomes
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CONCLUSION: We identify 2 molecularly distinct AKI subphenotypes with differing 4.7 years

risk of long-term outcomes, independent of the current criteria to risk stratify AKI.
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A

Discovery

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

Table 2. Patient Characteristics and Outcomes Based on AKI Subphenotypes in the Discovery and Replication Populations

Latent Class Analysis Variables

AKI-SP1

Ang-2/Ang-1
STNFR-1

AKI-SP2

IL-6

Serum Creatinine

Vasopressors

IL-8

G-CSF

Sepsis

Mechanical Ventilation

Cirrhosis

ARDS

Pneumonia

WBC

Diabetes Mellitus

Body Mass Index

Caucasian

Age

Male

Surgery

Sodium

Urinary Tract Infection

Urine Output

Hematocrit

Platelets

Sodium Bicarbonate

Ang-1

Heat Map Legend (standardized values)

e

Subjects
Age, yr
Male
Race
White
Comorbidities
Diabetes mellitus
Cirrhosis

Chronic kidney disease

ICU events*
APACHE Il scores
SOFA Day 1 scores
Sepsis-3
Acute respiratory
distress
syndrome
Vasopressors
Mechanical ventilation
KDIGO class 2 + 3
24-h urine output, ml
ICU laboratory values*
Maximum white blood
cell count, 10%/L
Low hematocrit, %
Low sodium, mEqg/L
Low albumin, g/dl
Low platelets, 10%/L
Low sodium
bicarbonate,
mEq/L

Biomarker concentrations
Ang-2/Ang-1 ratio

sTNFR-1, pg/ml
IL-8, pg/ml

Discovery Replication

AKI-SP1 AKI-SP2 P Value AKI-SP1 AKI-SP2 P Value

462 332 — 268 157 —
55+ 16 55+ 16 0.80 57 18 57 £18 0.95
296 (65) 224 (66) 0.62 164 (61) 104 (39) 0.15

331 (76) 244 (78) 0.57 268 (100) 157 (100) —
129 (28) 109 (32) 0.21 72 (27) 40 (26) 0.73
8 (2) 67 (20) <0.01 6 (2) 14 (9) <0.01

31 (7) 70 (21) <0.01 — — —
47 = 21 72+ 29 <0.01 74 +24 111+ 26 <0.01
3+23 7+3.0 <0.01 8+2 113 <0.01
257 (46) 304 (54) <0.01 178 (66) 132 (84) <0.01
43 (9) 74 (22) <0.01 107 (40) 103 (66) <0.01
66 (14) 166 (49) <0.01 113 (42) 124 (79) <0.01
286 (63) 280 (83) <0.01 198 (74) 134 (85) <0.01
84 (19) 121 (36) <0.01 48 (18) 45 (29) <0.01
1,555 (910-2,565) 1,225 (486-2,089) <0.01 1,680 (1,140-2,665) 1,199 (563-2,050) <0.01
14+7 16 +10 <0.01 16 +8 17 £13 <0.01
30+6 31+6 0.77 30+6 31+6 0.77
137 £ 6 1355 <0.01 137 £ 6 1355 <0.01
2.4+0.6 22=*07 <0.01 2.4+0.6 22+07 <0.01
184 = 101 85+75 <0.01 184 = 101 85+ 75 <0.01
22+5 17+5 <0.01 22+5 17+5 <0.01
1.4+0.8 3.1+29 <0.01 19+14 3.1*x1.7 <0.01

1.4 (0.7-3.2)

6,798 (4,701-10,108) 18,772 (12,663-30,889)

18.1 (8.2-53.9)

9.4 (3.3-25.5)

10,581 (6,828-15,742) 25,815 16,084-36,211)

87.1 (35.7-266.1)




in critical illnesses >>> Angpt-1 levels drops & Angpt-2 levels rises
the ratio Ang-2/Ang-1 is a better marker of “endothelial stability”
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Do different SP, helps to chose
a better ttt/strategy ?
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Abstract

Rationale: Currently, no safe and effective pharmacologic interventions
exist for acute kidney injury (AKI). One reason may be that heterogeneity
exists within the AKI population, thereby hampering the identification
of specific pathophysiologic pathways and therapeutic targets.

Objective: The aim of this study was to identify and test whether AKI
subphenotypes have prognostic and therapeutic implications.

Methods: First, latent class analysis methodology was applied
independently in two critically ill populations (discovery [# = 794] and
replication [n = 425]) with AKI. Second, a parsimonious classification
model was developed to identify AKI subphenotypes. Third, the
classification model was applied to patients with AKI in VASST
(Vasopressin and Septic Shock Trial; # = 271), and differences in
treatment response were determined. In all three populations, AKI was
defined using serum creatinine and urine output.

Measurements and Main Results: A two-subphenotype latent
class analysis model had the best fit in both the discovery (P = 0.004)
and replication (P = 0.004) AKI groups. The risk of 7-day renal

nonrecovery and 28-day mortality was greater with AKI
subphenotype 2 (AKI-SP2) relative to AKI subphenotype 1 (AKI-
SP1). The AKI subphenotypes discriminated risk for poor clinical
outcomes better than the Kidney Disease: Improving Global
Outcomes stages of AKI. A three-variable model that included
markers of endothelial dysfunction and inflammation accurately
determined subphenotype membership (C-statistic 0.92). In VASST,
vasopressin compared with norepinephrine was associated with
improved 90-day mortality in AKI-SP1 (27% vs. 46%, respectively; P
=0.02), but no significant difference was observed in AKI-SP2 (45%
vs. 49%, respectively; P = 0.99) and the P value for interaction was
0.05.

Conclusions: This analysis identified two molecularly distinct

AKI subphenotypes with different clinical outcomes and

responses to vasopressin therapy. Identification of AKI subphenotypes
could improve risk prognostication and may be useful for predictive
enrichment in clinical trials.

Keywords: acute kidney injury; endothelial dysfunction; mortality;
subphenotypes




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

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

Discovery Replication

AKI-SP1 AKI-SP2 RR (95% CI)T P Value AKI-SP1 AKI-SP2 RR (95% CI)'r P Value
Clinical outcomes
7-d renal nonrecovery 16 (3) 4.4 (2.5-7.9) <0.001 66 (25) 72 (46) 1.6 (1.1-2.2) 0.006
28-d mortality 28 (6) 2.5 (1.6-4.1) <0.001 36 (13) 57 (36) 2.2 (1.3-3.5) 0.002
AKI-SP1 AKI-SP2
RR
‘Norepinephrine Vasopressin\ RR (95% CI)t P Value/ Norepinephrine Vasopressin (95% cCIt 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
nonrecovery
28-d mortality 16 (31) 11 (18) 0.53 (0.30- 0.94) 0.03 30 (43) 31 (40) 1.03 (0.68-1.55) 0.88
90-d mortality \ 24 (46) 16 (27) ‘ 0.54 (0.32-0.92) 0.02 34 (49) 35 (45) 0.99 (0.70-1.42) 0.99




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

800 Patients Enrolled in
VASST

|

326 Random Sample
Biomarkers Measured

|

271 AKI (Prior to
randomization)

! J

AKI-SP1 AKI-SP2
(113) (148)

Subgroup NE NE+AVP
% of patients who
met end point

90-day Mortality

All AKI 47% 37%
AKI-SP1 46% 27%
AKI-SP2 49% 45%

e

P-value for
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trying to Identify the “right pts”
for the “right therapy”






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



ORIGINAL ARTICLE

Early Restrictive or Liberal Fluid Management
for Sepsis-Induced Hypotension

The National Heart, Lung, and Blood Institute Prevention and Early Treatment
of Acute Lung Injury Clinical Trials Network*

ABSTRACT

BACKGROUND

Intravenous fluids and vasopressor agents are commonly used in early resuscita-
tion of patients with sepsis, but comparative data for prioritizing their delivery are
limited.

METHODS

In an unblinded superiority trial conducted at 60 U.S. centers, we randomly as-
signed patients to either a restrictive fluid strategy (prioritizing vasopressors and
lower intravenous fluid volumes) or a liberal fluid strategy (prioritizing higher
volumes of intravenous fluids before vasopressor use) for a 24-hour period. Ran-
domization occurred within 4 hours after a patient met the criteria for sepsis-
induced hypotension refractory to initial treatment with 1 to 3 liters of intravenous
fluid. We hypothesized that all-cause mortality before discharge home by day 90
(primary outcome) would be lower with a restrictive fluid strategy than with a
liberal fluid strategy. Safety was also assessed.

RESULTS

A total of 1563 patients were enrolled, with 782 assigned to the restrictive fluid
group and 781 to the liberal fluid group. Resuscitation therapies that were admin-
istered during the 24-hour protocol period differed between the two groups; less
intravenous fluid was administered in the restrictive fluid group than in the lib-
eral fluid group (difference of medians, 2134 ml; 95% confidence interval [CI],
—2318 to —1949), whereas the restrictive fluid group had earlier, more prevalent,
and longer duration of vasopressor use. Death from any cause before discharge
home by day 90 occurred in 109 patients (14.0%) in the restrictive fluid group and
in 116 patients (14.9%) in the liberal fluid group (estimated difference, —0.9 per-
centage points; 95% CI, —4.4 to 2.6; P=0.61); 5 patients in the restrictive fluid
group and 4 patients in the liberal fluid group had their data censored (lost to
follow-up). The number of reported serious adverse events was similar in the two
groups.

CONCLUSIONS

Among patients with sepsis-induced hypotension, the restrictive fluid strategy that
was used in this trial did not result in significantly lower (or higher) mortality
before discharge home by day 90 than the liberal fluid strategy. (Funded by the
National Heart, Lung, and Blood Institute; CLOVERS ClinicalTrials.gov number,
NCT03434028.)

The members of the CLOVERS writing
committee (Nathan I. Shapiro, M.D.,
M.P.H., Ivor S. Douglas, M.D., Roy G.
Brower, M.D., Samuel M. Brown, M.D.,
Matthew C. Exline, M.D., M.P.H., Adit A.
Ginde, M.D., M.P.H., Michelle N. Gong,
M.D., Colin K. Grissom, M.D., Douglas
Hayden, Ph.D., Catherine L. Hough, M.D.,
Weixing Huang, M.S.P.H., Theodore J.
Iwashyna, M.D., Ph.D., Alan E. Jones,
M.D., Akram Khan, M.D., Poying Lai,
M.S., Kathleen D. Liu, M.D., Chadwick D.
Miller, M.D., Katherine Oldmixon, R.N.,
Pauline K. Park, M.D., Todd W. Rice, M.D.,
Nancy Ringwood, B.S.N., Matthew W.
Semler, M.D., Jay S. Steingrub, M.D.,
Daniel Talmor, M.D., B. Taylor Thomp-
son, M.D., Donald M. Yealy, M.D., and
Wesley H. Self, M.D., M.P.H.) assume re-
sponsibility for the overall content and
integrity of this article.

The affiliations of the members of the
CLOVERS writing committee are listed in
the Appendix. Dr. Shapiro can be con-
tacted at nshapiro@bidmc.harvard.edu
or at the Department of Emergency Medi-
cine, Rosenberg 2, Beth Israel Deaconess
Medical Center—Harvard Medical School,
330 Brookline Ave., Boston, MA 02216.

*The lists of the members of the Crystal-
loid Liberal or Vasopressors Early Re-
suscitation in Sepsis (CLOVERS) Inves-
tigators and the National Heart, Lung,
and Blood Institute Prevention and Early
Treatment of Acute Lung Injury (PETAL)
Network are provided in the Supplemen-
tary Appendix, available at NEJM.org.

Drs. Shapiro and Douglas contributed
equally to this article.

This article was published on January 21,
2023, at NEJM.org.

N Engl ) Med 2023;388:499-510.
DOI: 10.1056/NEJM0a2212663
Copyright © 2023 Massachusetts Medical Society.

Revised approach

Norepinephrine
Vasopressin

Time

Paul Marik

* 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)



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

R E ACMH

Vasopr

Restrictive Strategy

Vasopressors was used as the primary treatment for
sepsis-induced hypotension with no fluid maintenance or
boluses except rescue fluids for prespecified indications.

Median fluid over 6-hours (IQR): 500 (130-1097) mL.
Medan fluid over 24-hours (IQR): 1267 (555-2279) mL
Vasopressor administration during first 24 hours: 59.0%.

Time to first vasopressor (hr): 1.8+3.4.
Duration of vasopressor use during first 24-hr period (hr):
9.6+10.0.
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Does restrictive fluid strategy used during the first
24 hours of resuscitation lead to lower 90-day
mortality compared to liberal fluid strategy?
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gy, earlier vasopressor use in a restrictive fluid strategy did not re

in mortality rate prior to discharge by day 90.
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Liberal Strategy

Recommended an initial 2000-ml intravenous infusion of isotonic
crystalloid, followed by fluid boluses administered on the basis of
clinical triggers (e.g., tachycardia) with “rescue vasopressors”
permitted for prespecified indications.

Median fluid over 6-hours (IQR): 2300 (2000 to 3000) mL
Medan fluid over 24-hours (IQR): 3400 (2500 to 4495) mL
Vasopressor administration during first 24 hours: 37.2%.

Time to first vasopressor (hr): 3.2+4.7.

Duration of vasopressor use during first 24-hr period (hr): 5.4+8.6.



the Q was
>>> potentially do these different AKI-SP,
responds differently to the amount of
fluid that they are receiving ?



The Interaction of Acute Kidney Injury with Resuscitation Strategy in Sepsis: A

Secondary Analysis of a Multicenter, Phase 3, Randomized Trial (CLOVERS)
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pts w/o prior AKI >>> liberal fluid may be better
pts w/ prior AKI >>> liberal fluid is harmful

Figure 1.
Participants with AKI at randomization Participants without AKI at randomization
— Liberal Fluid Group — Liberal Fluid Group
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Figure Legend. Cumulative incidence plots of renal replacement therapy (RRT) in patients with and without AKI at study
enrollment, randomized to a liberal or restrictive fluid strategy. Panel A demonstrates 18 RRT events within 28 days for patients with
AKI who were randomized to a restrictive resuscitation strategy, and 23 RRT events in patients randomized to a liberal resuscitation
strategy. Panel B demonstrates 6 RRT events within 28 days for patients without AKI who were randomized to a restrictive
resuscitation strategy, and 1 RRT event in patients randomized to a liberal resuscitation strategy (p-value for interaction=0.07).






Screen for pts with S-AKI
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Prospective Interventions:
1- which Volume of Fluid for
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3- what is the best Timing of RRT
4- which Therapeutics that specifically

target the Angpt-Tie2 Axis /

\J




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



anti-inflammatory biological with
a dual mechanism of action



Alp is anti-inflammatory

Acute kidney injury / Alk Phos

\
U
\u

X

Alk Phos attenuates
DAMP and PAMP




rhAlp reduces:
need for RRT & the duration of RRT

Pickkers et al. Critical Care 2012, 16:R14
http://ccforum.com/content/16/1/R14
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Alkaline phosphatase for treatment of sepsis-
induced acute kidney injury: a prospective
randomized double-blind placebo-controlled trial

Peter Pickkers', Suzanne Heemskerk'?, Jeroen Schouten®, Pierre-Franois Laterre*, Jean-Louis Vincent®,
Albertus Beishuizen®, Philippe G Jorens’, Herbert Spapen®, Michael Bulitta®, Wilbert HM Peters'® and
Johannes G van der Hoeven'

Abstract

Introduction: To evaluate whether alkaline phosphatase (AP) treatment improves renal function in sepsis-induced
acute kidney injury (AKI), a prospective, double-blind, randomized, placebo-controlled study in critically ill patients
with severe sepsis or septic shock with evidence of AKl was performed.

Methods: Thirty-six adult patients with severe sepsis or septic shock according to Systemic Inflammatory Response
Syndrome criteria and renal injury defined according to the AKI Network criteria were included. Dialysis
intervention was standardized according to Acute Dialysis Quality Initiative consensus. Intravenous infusion of
alkaline phosphatase (bolus injection of 67.5 U/kg body weight followed by continuous infusion of 132.5 U/kg/24 h
for 48 hours, or placebo) starting within 48 hours of AKI onset and followed up to 28 days post-treatment. The
primary outcome variable was progress in renal function variables (endogenous creatinine clearance, requirement
and duration of renal replacement therapy, RRT) after 28 days. The secondary outcome variables included changes
in circulating inflammatory mediators, urinary excretion of biomarkers of tubular injury, and safety.

Results: There was a significant (P = 0.02) difference in favor of AP treatment relative to controls for the primary
outcome variable. Individual renal parameters showed that endogenous creatinine clearance (baseline to Day 28)
was significantly higher in the treated group relative to placebo (from 50 + 27 to 108 + 73 mL/minute (mean +
SEM) for the AP group; and from 40 + 37 to 65 + 30 mL/minute for placebo; P = 0.01). Reductions in RRT
requirement and duration did not reach significance. The results in renal parameters were supported by
significantly more pronounced reductions in the systemic markers C-reactive protein, Interleukin-6, LPS-binding
protein and in the urinary excretion of Kidney Injury Molecule-1 and Interleukin-18 in AP-treated patients relative to
placebo. The Drug Safety Monitoring Board did not raise any issues throughout the trial.

Conclusions: The improvements in renal function suggest alkaline phosphatase is a promising new treatment for
patients with severe sepsis or septic shock with AKI.

Trial Registration: www.clinicaltrials.gov: NCTNCT00511186

Keywords: sepsis, systemic inflammatory response syndrome, septic shock, acute renal failure, therapy
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Injury (STOP-AKI)
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ABSTRACT

Introduction: Acute kidney injury (AKI) occurs in
55-60% of critically ill patients, and sepsis is the most
common underlying cause. No pharmacological
treatment options are licensed to treat sepsis-
associated AKI (SA-AKI); only supportive renal
replacement therapy (RRT) is available. One of the
limited number of candidate compounds in clinical
development to treat SA-AKI is alkaline phosphatase
(AP). The renal protective effect of purified bovine
intestinal AP has been demonstrated in critically ill
sepsis patients. To build on these observations, a
human recombinant AP (recAP) was developed, of
which safety and efficacy in patients with SA-AKI will
be investigated in this trial.

Methods: This is a randomised, double-blind,
placebo-controlled, 4-arm, proof-of-concept, dose-
finding adaptive phase lla/llb study, conducted in
critically ill patients with SA-AKI. A minimum of 290
patients will be enrolled at ~50 sites in the European
Union and North America. The study involves 2 parts.
Patients enrolled during Part 1 will be randomly
assigned to receive either placebo (n=30) or 1 of 3
different doses of recAP (n=30 per group) once daily
for 3 days (0.4, 0.8 or 1.6 mg/kg). In Part 2, patients
will be randomly assigned to receive the most
efficacious dose of recAP (n=85), selected during an
interim analysis, or placebo (n=85). Treatment must be
administered within 24 hours after SA-AKI is first
diagnosed and within 96 hours from first diagnosis of
sepsis. The primary end point is the area under the
time-corrected endogenous creatinine clearance curve
from days 1 to 7. The key secondary end point is RRT
incidence during days 1-28.

Ethics and dissemination: This study is approved
by the relevant institutional review boards/independent
ethics committees and is conducted in accordance
with the ethical principles of the Declaration of
Helsinki, guidelines of Good Clinical Practice, Code of

Strengths and limitations of this study

= This is the first randomised controlled trial in
sepsis-associated acute kidney injury (SA-AKI)
with well-controlled comparable standard of
care, as participating institutions are required to
adhere to the Surviving Sepsis Campaign and
KDIGO Clinical Practice Guideline for AKI recom-
mendations and to strictly defined renal replace-
ment therapy starting and stopping criteria.

= The study was designed by a group of leading
global experts in AKI and sepsis, with input from
the US Food and Drug Administration, the
European Medicines Agency and several local
European country authorities, resulting in a
dose-finding adaptive trial.

= Results of this trial will allow us to draw conclu-
sions on the efficacy of human recombinant
alkaline phosphatase in the improvement of renal
function and related clinical parameters.

= Regardless of the outcome of the intervention,
data from the placebo group will provide valuable
information on clinical outcome in patients with
SA-AKI.

= Strict inclusion criteria and time-windows may
limit generalisation of the results to the entire
population of critically ill patients with SA-AKI.

Federal Regulations and all other applicable
regulations. Results of this study will reveal the efficacy
of recAP for the improvement of renal function in
critically ill patients with SA-AKI and will be published
in a peer-reviewed scientific journal.

Trial registration number: NCT02182440;
Pre-results.
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Systemic and renal inflammation with impaired microcirculation in
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ABSTRACT

Introduction Sepsis, the leading cause of acute kidney
injury (AKI), is associated with a high morbidity and
mortality. Alkaline phosphatase (ALP) is an endogenous
detoxifying enzyme. A recombinant human ALP compound,
ilofotase alfa, showed no safety or tolerability concerns

in a phase 2 frial. Renal function improvement aver 28
days was significantly greater in the ilofotase alia group.
Moreover, a significant relative reduction in 28-day all-
cause mortality of =40% was observed. A follow-up trial
has been designed to confirm these findings.

Methods and analysis This is a phase 3, global, multi-
centre, randomised, double-blind, placebo-controlled,
sequential design trial in which patients are randomly
assigned to either placebo or 1.6 mg/kg ilofotase alfa.
Randomisation is stratified by baseline modified Sequential
Organ Failure Assessment (mSO0FA) score and trial site.
The primary objective is to confirm the survival benefit
with ilofotase alfa by demonstrating a reduction in 28-day
all-cause mortality in patients with sepsis-associated AKI
requiring vasopressors. A maximum of 1400 patients will
be enrolled at 120 sites in Europe, North America, Japan,
Australia and New Zealand. Up to four interim analyses
will take place. Based on predefined decision rules, the
trial may be stopped early for futility or for effectiveness.
In addition, patients with COVID-19 disease and patients
with ‘moderate to severe’ chronic kidney disease are
analysed as 2 separate cohorts of 100 patients each. An
independent Data Monitoring Committee evaluates safety
data at presp intervals throughout the trial.

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Apart from the primary endpoint, results of this trial
may also illustrate the efficacy of ilofotase alfa on
renal endpoints and other organ-specific clinical
outcomes.

=+ The trial was designed with input from or review by
the US Food and Drug Administration, the European
Medicines Agency, Japanese Pharmaceuticals and
Medical Devices Agency and several national me-
dicinal regulatory authorities in Europe, Australia
and New Zealand,

= The group sequential frial design allows for the re-
sults to be reported in case the trial is terminated
prematurely for futility,

= In the additional separate COVID-19 and ‘moderate
to severe’ chronic kidney disease cohorts, therapeu-
tic efficacy on clinical endpoints is likely underpow-
ered to reach statistical significance.

Ethics and dissemination The frial is approved by
relevant institutional review boards/independent ethics
committees and is conducted in accordance with the
ethical principles of the Declaration of Helsinki, guidelines
of Good Clinical Practice, Code of Federal Regulations and
all other applicable regulations. Results of this study will
determine the potential of ilofotase alfa to reduce mortality
in critically ill patients with sepsis-associated AKl and will
be published in a peer-reviewed scientific journal.

BM)
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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:

llofotase alpha >>> 29% & Placebo 26%

>>> Mort not sig different >>> the trial was
stopped for futility |

BUT

a key 2" endpoint >>> MAKE 90 >>> sig better
w/ llofotase >>> mainly for reducing the need
for RRT (28% vs 36%)



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




“mechanical” possible
solutions



Infection >>> Immuno response >>> Organ Damage
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Excessive Inflammation

Innate Immunity

Recruited leukocytes

e Release of pro-inflammatory
mediators
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macrophage and NK cells
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the “peak concentration” hypothesis
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>>> remove what is higher in concentration

>>> trying to “equilibrate” the response

>>> slowing down the excess

>>> & so, the maximal “deviation” from the physiological pathways

Ronco C et al. Artif Organs 2003
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scientific evidence
decrease the mortality ?



Olivier Joannes-Boyau High-volume versus standard-volume
atrick M. Honore

Paul Perez haemofiltration for septic shock patients
Sean M. Bagshaw

Hubert Grand with acute kidney injury (IVOIRE study):

Jean-Luc Canivet a multicentre randomized controlled trial
Claire Flamens

Wilfried Pujol
Anne-Sophie Grandoulier
Catherine Fleureau

Rita Jacobs

Christophe Broux

Hervé Floch

Olivier Branchard
Stephane Franck
Hadrien Rozé

Vincent Collin

Survival Proportion

Lag-rank p = 0.94 (DO-D28)
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Fig. 2 Surviva of participants in the IVOIRE (high VOlume in Intensive caRE) tria . Participants in the HVHF group and SVHF group
underwent haemofiltration at 70 mL/kg/h and 35 mL/kg/h of fluid exchange for 96 h, respectively




A Double-Blind Randomized Controlled Trial of
High Cutoff Versus Standard Hemofiltration in
Critically lll Patients With Acute Kidney Injury

Rafidah Atan, PhD'; Leah Peck, GradCert(Crit Care)?; John Prowle, MD**; Elisa Licari, MD?>;

Glenn M. Eastwood, PhD?; Markus Storr, PhD¢ Hermann Goehl, MSc® Rinaldo Bellomo, MD??

NE dose = hemodynamic stability:
not different between membranes

53

did not remove inflammatory mediators
did not measured any targets
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Figure 1. Norepinephrine-free time (hr) per day per group: day 1 to day 7. Values are median (middle line), Q1
(lower margin), and Q3 (upper margin). Continuous venovenous hemofiltration-high cutoff (CVVH-HCO): high
cutoff group; continuous venovenous hemofiltration-standard (CVVH-Std): control/standard group. All patients
contribute data. Nonsurvivors are recorded as having zero hours of norepinephrine-free time after death.
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Figure 2. Median highest norepinephrine infusion rates per day. Error bars indicate interquartile ranges.
Continuous venovenous hemofiltration-high cutoff (CVVH-HCO): high cutoff group; continuous venovenous
hemofiltration-standard (CVVH-Std): control/standard group. n = 36 (CVVH-HCO); 38 (CVVH-Std).



cutting the peak & creating a gradient
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Peng et al. Critical Care 2014, 18:R141

C, crimcaL care if we can RESTORE the gradient we can get PMN
to home to the site of infection (tissue)
and clear the bacteria

RESEARCH Open Access

Modulation of chemokine gradients by apheresis
redirects leukocyte trafficking to different

. . . . A
compartments during sepsis, studies in a rat p<0.01
15+ —
HA
model —J
2 104
Zhi-Yong Peng'?, Jeffery V Bishop? Xiao-Yan Wen'? Michele M Elder'? Feihu Zhou'”, Anan Chuasuwan'?, §
Melinda J Carter?, Jason E Devlin®, A Murat Kaynar'?, Kai Singbart!'?, Francis Pike'? Robert S Parker'*°®, 9 .l p=0.04
Gilles Clermont'**®, William J Federspiel**® and John A Kellum'##57* e —
J e B
. PF/Blood BAL/Blood
Abstract B
Introduction: Prior work suggests that leukocyte trafficking is determined by local chemokine gradients between ; p=0'02|
the nidus of infection and the plasma. We recently demonstrated that therapeutic apheresis can alter immune 104
mediator concentrations in the plasma, protect against organ injury, and improve survival. Here we aimed to 8
determine whether the removal of chemokines from the plasma by apheresis in experimental peritonitis changes -]
chemokine gradients and subsequently enhances leukocyte localization into the infected compartment, and away E &
from healthy tissues. Q 4
Methods: In total, 76 male adult Sprague-Dawley rats weighing 400 g to 600 g were included in this study. © 2 1
Eighteen hours after inducing sepsis by cecal ligation and puncture, we randomized these rats to apheresis or sham %g
treatment for 4 hours. Cytokines, chemokines, and leukocyte counts from blood, peritoneal cavity, and lung were 0 T
) ! . ! . j PF/Blood BAL/Blood
measured. In a separate experiment, we labeled neutrophils from septic donor animals and injected them into
either apheresis or sham-treated animals. All numeric data with normal distributions were compared with one-way Cc
analysis of variance, and numeric data not normally distributed were compared with the Mann-Whitney U test. p=0.02
Results: Apheresis significantly removed plasma cytokines and chemokines, increased peritoneal fluid-to-blood y
chemokine (C-X-C motif ligand 1, ligand 2, and C-C motif ligand 2) ratios, and decreased bronchoalveolar lavage 4
fluid-to-blood chemokine ratios, resulting in enhanced leukocyte recruitment into the peritoneal cavity and % 3]
improved bacterial clearance, but decreased recruitment into the lung. Apheresis also reduced myeloperoxidase 5
activity and histologic injury in the lung, liver, and kidney. These Labeled donor neutrophils exhibited decreased g i
localization in the lung when infused into apheresis-treated animals. 14
Conclusions: Our results support the concept of chemokine gradient control of leukocyte trafficking and ol . Smemmnt
demonstrate the efficacy of apheresis to target this mechanism and reduce leukocyte infiltration into the lung. PF/Blood BAL/Blood




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)




Sequential Extra-corporeal Therapy (SET)
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Concluding Thoughts

e SA-AKI has many features & many causes

* SA-AKIl is not induced by hypo-tension

 Cells may not die but may “adapt” to their new critical situation
* |t 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)]
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