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Facts

K| affects 210% ofHosppts & 0% in the ICU

K| Is lethal problems in the ICU (Mortalky?0 )

K1 Is costly Bx3 the cost)

K| Is adrmthat occurs in the presence of other acull@ess
ASepsis is the most common reason of AKI in the 50% 6f AKI)
ASAAKI has different trajectories
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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
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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

Central nervous system
+ Confusion

Lungs r‘ comp"c;ﬂms ] <_\ l

* ARDS Normal Increased risk ~ Damage |GFR Kidney failure Death

AL = A\ \... Humoral
: Cellular

\ %
P X_{J Effectors
= ok
S\ e
e £
b
e
—

Cardiovascular system
« Shock

Liver
+ Excretory failure

Pancreas
*  Hyperglycemia

. _ : Kidneys
LPS is opsonized and l@{ + Oliguria

recognised by monocytes "™

: Microcirculation Gastrointestinal tract
through CD14 leading to +  Microvascular thrombosis « Loss of barrier function

endothelial cell activation



SAAKI 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.

KIReports.org




tissue repair in reversible experimental kidney disease

INT lHNAl IONAL SOCETY
OF NEPHROLOGY

Current kidney function parameters overestimate kidney kl dn ey \ ISN

INTERMATIONAL

Methods: Results: Creatinine ‘e ell accumulation after recovery phase
Experimental models: During recovery Cheaionce - \e P 4 y 0% Tadute
a) 2,8-dihydroxyadenine from CKD: = @Q -y - \""'v ”k -
nephropathy «fkidney function ) o <7 ;rf?' o ol :
improves oy o “(a [ { RS A
+‘ = CKD  <tissue injury and £ 6\ : £ ot ; ﬁ;;;, LY
: ) fibrosis persist, 1 1 a* ! ' !.’,‘ '-f,‘\': ” % «”
b) reversible unilateral particularly in the AD 14 14 ;3 is \& o &gk ey o s
ureteral obstruction \medulla Y : ‘3 Recovery phase === 1. e C o st
& ’ =CKD 0s <al Therapeutical increase of \; '\:
\ J ((\ sular fate drinking volume: S\ R e
' dilation, Fluid intake § '{',‘-)J\,’ o TR :

* reversibility & * only effective in

sphy or atrophy % ' A :T" ‘
regeneration Tubular diameter eauy byt not = 4"‘7."" ¥R A 2 rJ
* therapeutic high —.61d28 sham advanced CKD L By 1 gr :
fluid intake ¢S4 ~ G841 §. 5 - ‘C.j@ X
g8 ~ d28+28 « effects are poorly e R /<8 .,‘.-v & ¥ S
232 d28+56 8 ! ey -.:r‘\“l e
£ \ reflected by 500 ¢.w b D BN
00 kidney function sﬁam early the:ap‘y late t he;gl
D ameter [pm] Adenine day14
Klinkhammer et al., 2022 CONCLUSION: Recovery after crystal- or obstruction-induced CKD is

— — characterized by ongoing tissue injury, fibrosis, and nephron loss, which is
[ clinically invisible

not reflected by standard kidney function parameters.




the Inconvenient truth Is that:

S OlFlYy y2G NBO23y
clinicall)Xuntil it is too late

Kellum2020
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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 AKI suffices to be susceptible to sepsi

Acute kidney injury
Immunosuppression FlGldoverioad Hyperinflammatory Kidney
state replacement
therapy and
L q o Luraim. catheter-
[
ungfe = g .J y ) associated
e Soft tissue edema ¢ |Intestinal barrier . .
. infection
e Bowel edema dysfunction
e All infection
(e.g., pneumonia,
intraabdominal _ _ * Pneumonia * Bloodstream
infection, urinary * Wound infection * Intraabdominal infection
due to poor healing infection * Wound infection

tract infection)

Sepsis g‘b}&?



even short periods of hypotension &fiin 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 high
but hypotension (severe sepsis) IS n
necessary for AKI in pts w/ pneumon

Non-1CU subgroup
AKI (n=386)

___——No AKI (n=1158)

P <0.001

35
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X 20 L 25
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S 5 P < 0.001 S 1g
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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

g
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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

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

Human studies
Study Cause Acute kidney injury definition Method Cases of AKI/number  Acute tubular
of patients (%) necrosis (%)
Hotchkiss and colleagues [10] Sepsis/septic Serum creatinine >2 mg/dland  Postmortem 12/20 (60) 1(5)
shock urine output <20 ml/kg/hour x 6
hours
Sato and colleagues [13] Sepsis Not available Postmortem  6/6 (100) 1(17)
Mustonen and colleagues [9] Sepsis/shock/ Not available Biopsy 57/57 (100) 4(7)
hypovolemia
Rosenberg and colleagues [12] ~ Sepsis Serum creatinine >3.5 mg/d| Biopsy 1/1 (100) 0(0)

and urine/plasma osmolality >1

Zappacosta and Ashby [14] Sepsis Not available Biopsy 1/1 (100) 0(0)

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

Biopsy 107/332 (32) 20 (50)2

The histopathology of septic acute kidney injury: a systematic

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

a4 N

cell cycle arrest. >>> energy saving &
avoiding DNA damage
the necessary functions for membrane
potential, like Na/K ATPase, remains

" )

(TIMP-2 IGFBP7?)

Induction of cell cycle arrest

IGFBP; TIMP-2
00 o

MltOSls
5 4

Cell cycle @
j A\ ,G

Biomarkers
predictive
of AKI

(3) Restoration of the mitochondrial pool
( A R

— D -

( Oxidative phosphorylation ]’ Aerobic glycolysis?

FA and Gluc oxidation Fermentation to lactate

Pyruvate > Lactate

(Biogenesis) [ACCJ HIFmCMyC)
A m gt S’
(mTORCH) 2
o »tww )
L TEC M
Sepsis/inflammation \J
Glucose



Blood flow

-
e -

DAMPS and Monoc;rtel Blood Red blood ECs (Dysfunction

PAMPS Macrophage  platelets cells Cytokinie /Apoptosis/Pyroptosis)
N ® @ i : g Monocyte/Macrophage
._ vl S | (Necroptosis/Pyroptosis)

Inﬂammatlon

Gap Junction

Thrombus =

DAMPS and PAMPS
Ozl @ (@) — : .f'
Cytokine

Pyroptosis @E&.’. @D. @ED. TECs (Apo tosis
Recroptotis ‘n N nII muun nlln nn nl /Necroptosis/Pyroptosis)
Jigighy \
Rensl TECs | O] S| ) Bl AKI

Apoptosis




Aestivation or )
a{ dZYYSNJ { f S



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




2

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 SXKI!

ANephrotoxin / Tubular injury (due to add. of drugs; AMG, Acyclovir)
ASystemic hypotension (hemodynamic instability)

AMicro-thrombi

AHeart Failure (due to sepsis itself) LV HF

ACongestive Nephropathy: intr@nal congestion due to high renal
vein pressures (simple fluid overloadRtsided HF)

AReduced renal reserve (CKD)
AX



In pts w/ Sepsi& AKI
the outcome Is dramatically differen



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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Hosp. mortalitytruncated @60d was:
a-6.2%fpr pts w/o AKI
b-16.8%fpr pts w/ max AKil
C-27.70 for AKR & 3 (p=0.000))



Not All SAAKI are the same



All these pts havéhe same form of ARI

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



V|'J .\\Y
V4

EPIDEMIOLOGY ()]

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

APerfusionpressure is a kejactor

A+/- Vasopressors

ADifferent VC have different action point
ASupport of MAP with NE

AVasopressin allows reduction of norepinephrine doses, thereby reducing
beta-adrenergicstimulation



Vasopressin is associated with impro@@K.. increased UOP
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Vasopressin versus Norepinephrine Infusion
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Heterogeneity may limit therapeutic



SAAKI Is a heterogeneous clineaidm
and this heterogeneity may obscure ol
attempts for an effective therapy.



Methods to identify distinct SAKI/SP
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Latent Class Analysis
distinctsubgroups 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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identification of2 types of AKI >>2SP
different & very specific
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