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Intrinsic Acute Kidney Injury
Not ATN, So What?
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Is all AKI equal?

Causes of ARF in hospital setting

Acute tubular necrosis

RPGN
Vascular.

+— Acute interstitial
nephritis

Prerenal

Obstruction
Acute-onset chronic

renal failure

Liano F et al , Kidney International 1996, 50:811 Q §)>>



A more pragmatic distinction

AKI...

& Postenal

90-60% 30-45% <5%

— e.qg. bilateral
thrombosis/dissection

Glomeruli/renal microvasculature
— e.g. acute GN, vasculitis, TMA

Tubules (“ATN")

— e.q. toxins, ischemia

Tubulointerstitium
— e.g. acute interstitial nephritis

Everything
—~ €e.g. sepsis
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Necrotising Renal Tubules in Severe Trauma

BRITISH MEDICAL JOURNAL

LONDON SATURDAY  Makdn 12
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Tubular cell necrosis occasionally detected in
nephrotoxic AKI

Vancomycin induced AKI
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Case series of 10 native kidney biopsies in patients
with COVID-19 and AKI

Cohort Kidney Biopsy Findings
10 patients with ‘ * All patients had varying degree of ATN
COVID-19 ,‘\;1 * 2had TMA
<= - 1 had myoglobin cast nephropathy
Mean age = 65 =~~~ + 1 had pauci-immune crescentic GN
Yo Pathologic * 1 had FSGS with features of collapsing
" P lomerulopath
’ AKI, proteinuria Findings . pesy

hematuria

-All negative for SARS-CoV-2 by immunohistochemistry
-No viral particles identified via electron microscopy

Ay SARS-CoV-2

8 required dialysis

Conclusion: This kidney biopsy series showed ATN as the most

common finding in patients with COVID-19 and AKI. We found
no evidence of significant viral presence in the kidney.

DOI: 10.1681/ASN.2020050699

Purva Sharma et al. JASN 2020;31:1948-1958 \J/ \S N
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Case series of 10 native kidney biopsies in
patients with COVID-19 and AKI

A variety of kidney histopathological findings seen in our patients
with COVID-19 and AKI:

(A) ATN is often manifested by accumulation of cellular debris in lumens of
distal tubules (periodic acid—Schiff [PAS]: x200).

(B) Segmental glomerulosclerosis with features of healing collapse and
protein reabsorption granules in podocytes (left, PAS; right, FITC IgG
immunofluorescence stain: x400).

(C) Red-brown casts in tubules in the patient with rhabdomyolysis, staining
positively for myoglobin stain (upper, hematoxylin and eosin [H&E];
lower, myoglobin immunohistochemistry stain: x200).

(D) Diffuse and early nodular diabetic glomerulosclerosis (H&E, x400).

(E) Diffuse cortical necrosis in a patient with severe TMA (H&E, x200).

(F) Cellular crescent in a glomerulus and surrounding acute tubular injury
with flattening of the tubular epithelium in a patient with ANCA disease
(PAS, x200).

(G) Representative section of negative immunohistochemistry staining for
SARS-CoV-2 nucleocapsid protein after antigen retrieval (x200).

(H) (H) Lung tissue as positive control for immunohistochemistry staining
for SARS-CoV-2 (x200).

N
Purva Sharma et al. JASN 2020;31:1948-1958 / -“\r\\;\



percentage of ATN

ATN is rarely seen human sepsis

40 4

20

- TN
G550 mo ATN

Table 1
Human studies
Study Cause Acute kidney injury definition Method Cases of AKVnumber ] Acute tubular
of patients (%) necrosis (%)
Hotchkiss and colleagues [10] Sepsis/septic Serum creatnine >2 mg/diand  Postmortem  12/20 (60) 1(5)
shock unné output <20 mlk x6
hours
Sato and colleagues [13) Sepsis Not avaslable Postmortem  6/6 (100) 1(17)
Mustonen and colleagues [9) S shock/ Not avadlable Biop: 57/57 (100) 4(7
ag eps%/temia 5y
Rosenberg and colleagues [12]  Sepsis Serum creatinine >3.5 mg/d Biopsy 1/1 (100) 0(0)
and urine/plasma osmolalty >1
Zappacosta and Ashby [14] Sepsis Not avaslable Biopsy 1/1 (100) 0(0)
Diaz de Leon and colleagues [11]  Severe sepsis Serum creatinine, urine outpy!,  Biopsy 107/332 (32) 20 (S0p

unne/plasma osmolality (not
specified)

*Renal biopsy was only performed in 40 patients (37% of the acute kidney injury (AKI) cohort, 129 of the total cohort).

Langenberg C et al, Critical Care 2008, 12:R38 (doi:10.1186/cc682 N\




Kidney histopathology in lethal human sepsis

Leukocyte infiltration in the tubulointerstitium
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Aslan et al, Critical Care (2018) 22:31“3\/

Controls: unaffected tissue from kidneys reoved for renal cell carcoinoma

Sepsis (n=27): immediate post mortem biopsies



Kidney histopathology in lethal human sepsis

Proliferation, fibrin deposition and apoptosis in the tubulointerstitium

controls sepsis

- myofibroblasts

alpha-SMA

cell proliferation

; apoptosis

MsB

fibrin deposition

. A QA
" / n\:\.. \"\.\\
= [ ) )

i ) |

Aslan et al. Critical Care (2018) 223359/




ATN - Fact Check

* ATN is frequently used as synonym for ischemic,
nephrotoxic or septic AKI

* You hardly ever see isolated tubular necrosis in AKI
 Some degree of tubular damage may observed in all AKI

The concept of ATN as a distinct disease entity for
(intrinsic) AKI is fundamentally wrong




If ATN is not the predominant mechanism in AKI .... what is it?




Frequent etiologies of AKI in the critically ill

« Sepsis
* Fluid overload

* Organ “cross-talk”

— Cardiorenal syndrome
— Lung-kidney interaction (ARDS)
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Epidemiology of acute kidney injury in critically

ill patients: the multinational AKI-EPI study

Etiology

Table 2 Vanables at the ume of acute kidney injury (n = 666)

Paned 3: Main exposures for acute kidney injury

Level 1 and 2 countries

. W

«  Circulatory shock
« Trauma

«  Cardiac surgery (especially with cardiopulmonary bypass)

Major non-cardiac surgery

»  Nepheotoxic drugs and agents

+ Bums

Level 2 (some areas) and kevel 3 countries
«  Diarrthoea

«  Obstetric complscations (including septic absorption)
+ Infectious diseases (malaria, leptospirosts, dengue fever, cholera, yellow fever, tetanus,

and Hamtaverus)

«  Animal venoms (snakes, bees and wasps, Laxoscdles spp [recluse | spiders, and

Lonomia spp caterpiiars)

«  Natural mediines
«  Natural dyes
+  Prolonged physically overwhelming work in an unhealthy environment

Ravindra L Mehta et al, Lancet 2015

Eliulug‘\' of AKI

Sepsis
Hypovolemia
Drug related

Ldrdluuc. nic shock

271 (40.7 %

227 (34.1

96 (14.4 %)
88 (132 %)

%)

_ﬂgpalumn.ﬂ syndrome
Obstructuion of the unne outflow tract

21 (32 %)
0(14 %)




Sepsis-associated AKI

A worldwide multicentre evaluation of the influence of deterioration or improvement of acute kidney injury on clinical outcome
in critically ill patients with and without sepsis at ICU admission: results from The Intensive Care Over Nations audit.

N=7970 Sepsis (N=1946) No sepsis
(n=6024)

AKI 68% 57%

AKI stage 3 40% 24%

RRT 20% 5%

Improvement to 21% 32%

AKI<3 within 7days

Peters E. et al, Crit Care. 2018, 22: 188. [/ j;;:;.“\?'?.'?\;:[‘]
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Sepsis-associated AKI

A worldwide multicentre evaluation of the influence of deterioration or improvement of acute kidney injury on clinical outcome
in critically ill patients with and without sepsis at ICU admission: results from The Intensive Care Over Nations audit.

Cumulative incidence of death
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Mechanism of septic AKI is complex
and not completely understood

Systemic vasodilation

+ GFR



Mechanism of septic AKI is complex
and not completely understood

Systemic vasodilation

Endothelial damage =%
and “microthrombi”




Oxygenation in Experimental Septic Acute Kidney Injury

Cortical and Medullary Tissue Perfusion and

Hyperdynamic
sepsis model in

sheep
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00 6
§ = iy
m LI
3 T 3t
200 . =23
s guo g E 2| P
| g2
[+ 2 _'|
=0 N 2
%3 e = o 3z 40 & g 40 a8
S _ 2000 E. coll § 5 p— E. coli
.gg ;
E c 'ooof. E g 1800
P 2 8 3
> 1000{ a 1000
¢ .
= 500 %00
3] 2%
8 o - ; g 40  an
E. coli E. coll
60 - %0
& w 2 -
33 g 5w
1 =
2 E s E. - At
3 E‘N = 20
§ 10 i 10 ¥
B 16 24 32 40 4 24 - s o 8 10 40
Time Time
(hours) (hours)

Calzavacca P et al, Crit Care Med 2015; 43:e431-e439

/|

N

N
o N

AR
&
1‘f’| _.ll.II -|||
I/

A
///!



Cortical and Medullary Tissue Perfusion and
Oxygenation in Experimental Septic Acute Kidney Injury

. E. coli 8 . E. coli
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THE ANATOMICAL RECORD 201257 - 245 (1981)

Shunting in Renal Microvasculature of the Rat:
A Scanning Electron Microscopic Study
of Corrosion Casts

D CASELLAN axo A MIMRAN
Deprartment of Medicine D, CHR Saint Charles. Montpellior, Framnce

Fig. 7. Corrosion cast of a juxtamedullary glomerulus
(539 g body weight). An aglomerular vessel (AV) arises from
the afferent arteriole (AA) at the glomerular vascular pole.
Note the presence of an efferent arteriole (EA). Bar: 100
um. VR, vasa recta.
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Diffusional shunting

possibly adds to the

— development of medullary
hypoxia in sepsis. Alternatively,
decreased shunting
effectiveness may also

cause tubular injury through
increased ROS production.

The presence of a
periglomerular circulation
offers an anatomical
pathway for convectional
oxygen shunting during
sepsis.




Histopathology of septic shock induced acute kidney
injury: apoptosis and leukocytic infiltration

Partial thrombi in an afferent arteriole and Glomerulus with extensive

capillary leukocytic infiltration
: ’ : ’ T N

glomerular capillaries

Lerolle N et al, Intensive Care Med. 2010 Mar;36(3):471-8.




TNF-mediated damage to glomerular endothelium
is an important determinant of acute kidney injury
in sepsis

Control TNFR17LPS

XU C et al, Kidney Int. 2013 Q §)>>



A Unified Theory of Sepsis-induced Acute Kidney Injury: Inflammation,
microcirculatory dysfunction, bioenergetics and the tubular cell
adaptation to injury

Cytokines, Chemokines, ROS, RNS

1 § Oendmc cot

Acute kidney injury

Martensson J et al,
Critical Care Clinics 2015 31, 649-660 Gomez H et al, Shock 2014 Jan; 41(1): 3-11.



A Unified Theory of Sepsis-Induced Acute Kidney Injury: Inflammation,
microcirculatory dysfunction, bioenergetics and the tubular cell
adaptation to injury

PAMPs \ DAMPs

| ]
fa
Neurophl j '-“;f/('
Cytokines, Chemokines, ROS, RNS

!

Popesn secogniion
recopions

Acute kidney injury

Martensson J et al, Al
Critical Care Clinics 2015 31, 649-660 Gomez H et al, Shock 2014 Jan; 41(1): 3-11.
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A Unified Theory of Sepsis-induced Acute Kidney Injury: Inflammation, microcirculatory
dysfunction, bioenergetics and the tubular cell adaptation to injury

$1 Tubular epithelial cell

Tubular epithelial cell
52 segment and beyond

Gomez H et al, Shock 2014 Jan; 41(1): 3-11.



A Unified Theory of Sepsis-Induced Acute Kidney Injury: Inflammation, microcirculatory
dysfunction, bioenergetics and the tubular cell adaptation to injury

$1 Tubular epithelicl cell Cell cycle arrest proteins (TIMP-2, IGFBP7) as
biomarkers for AKI

Tubular epithelial cell
52 segment and beyond

Y Apoptou
cl- remonons [N S
tndocytos ' oo

Midophogy
* Coll cyche amest \ ‘;":::":Ih

TGF 1(- /5)
‘ !

Kashani K et al, Crit Care 2013

Gomez H et al, Shock 2014 Jan; 41(1): 3—-11.
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Mechanism of septic AKI is complex
and not completely understood

Systemic vasodilation

Renal inflammation,
oxygen radicals and

NO products resulting Er_ldothelial dgmage —

tubular apoptosis/ microthrombi,

dysfunction/damage perfusion heterogeneity RN
C 12))
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Fluid overload

Hospital acquired generalised interstitial edema

Lyons W. Crit Care Med 2000
Lyons W. J Trauma 2002

Roised interstial pressure
Renol edemo

*Local inflamenation
*Venous congestion
*Tubulor leakage

Increos
Renol
= Vasculor
4 Resistance
N
Increosed 4 ¥ &% O
Vonous ’ 3 N 4
Prosiure % .
& l >
Jo" g
\
= | A

Increosed Roised Reduced
Rencl! Tubvla uitrahiltration
Vasculor } Presiure grodient
Resistance

Extrinsic Preswure
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Peripheral Edema, Central Venous Pressure, and Risk

of AKI in Critical lliness.

Incidence of AKI severity according to peripheral edema severity.

5%

- . o3
Il stege 1t
W stogo 11
12,778 critically ill . . . I l

adult patients

No AXI

S50% -
20%7
0% o Trace 1+ 2+ 3+
Soverity of Periphoral Edoma
Table 4. Admission central venous pressure and subsequent risk of AKI
=7 >7to =10 >10 to =13 >13
Risk Per 1 cm HyO positive
cm /HL0 cm/ H,0 cm/ HO cm/ Hy0O
N, % AKI 275 (21) 275 (22) 227 (23) 312 (26) —_—
Odds ratio Ret 1.06 1.08 LIS 1.02
95% ClI 0.86 to 1.29 0.87 to 1.29 0.96 to 1.33 1.OO to 1,03
0.57 .46 0.09 0.02

P value

Kenneth P. Chen et al. CJASN 2016;11:602-608
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Risk of new or persistent AKI

Association between systemic hemodynamics and septic acute
kidney injury in critically ill patients: a retrospective observational
study

09

Statistical model of nonparametric logistic
regression showing the relationship
between mean central venous pressure
during the first 24 hours after admission
and the probability of new or persistent
acute kidney injury.

Note the plateau for the incidence of acute
kidney injury (AKI) when the lower limit of
central venous pressure (CVP) was between 8
and 12 mmHg. Over this limit, the rise in CVP
was associated with a sharp increase in new
or persistent AKl incidence.

Mean CVP (mmHg)

Legrand et al. Critical Care 2013, 17:R278
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Cardiac biomarkers are associated with
maximum stage of acute kidney injury in
critically ill patients: a prospective analysis

Hypervolaemia

N

Cardiac congestion Renal congestion

T venous 4 Tvenous
pressure pressure
‘l
=
NT-proBNP 1
cardiac troponin T creatmmeT

Haines et al. Critical Care (2017) 21:88



Maintenance fluid therapy and fluid creep impose more significant fluid, sodium,
and chloride burdens than resuscitation fluids in critically ill patients: a
retrospective study in a tertiary mixed ICU population

Volume Sodium Chioride
Fluid Type Mean dally Median daily Mean daily | Mean daily
% |fluid volume in fluid volume amount in amount in
mi + SO in mL (10R) mmol £ 50 | mmol + $D ‘{;f
.Rewsmmon Nuids 6.5% 151 ¢ 439 0(0-100) 21:63 17 ¢+ 49
B |1sotonic crystalloids (rate >1L/6h) 16% 36 ¢+ 256 0(0-0) S2+36 4128
 [Colloids (mainly albumin and gelatins) 4.9% 114 ¢ 331 0(0-98) 16 ¢ 48 13 ¢ 37 R

Blood products 12% | 75+318 0(00) 11+ 48 7229
Maintenance and replacement fluids 247% | S74:606 | 334(150-894) 68 + 78 79 + 78 o
8 |Glucose-containing crystalloids 223% | S17:506 | 296(150.812) 59 + 65 73470 Cumulative mean
 [Isotonic crystaliowds (rate <1L/6h) 25% | s7:2m 0(0-0) 8+ 39 6¢31 “;’3‘:‘:&;“”
.mmmoo 33.0% | 766:688 | 620(0-1401)
u |Enteral nutrition 19.0% | 441 £ 593 0 (0995) 20 2 28 15 21
® |Parenteral nutrition 78% | 182+ 492 0(0-0) 00 0s0°
# |Oral fluid intake 6.2% | 1432319 0(0-150) N/A N/A
Fluid creep 326% | 7572608 | 645(308-1039)
¥ |Volume due to concentrated electrolytes | 2.4% S6 £ 62 42(22-72) 9250 10 ¢ 33
¥ |[Volume used 10 keep venous access open | 0.8% 20 ¢ 43 0(0-28) 327 328
» |Intermittent and continuous medication | 29.3% | 681 ¢ 580 565 (251-946) N/A N/A
Total amount 100% | 2,322 + 1,315 | 2,296 (1,422-3069)] 1312137 | 130¢ 111

Fig. 1 Proportion, mean, and median fluid volumes, and mean sodium and chloride burdens of the different fluid types (average of 14,654 patients
on their cumulative 103,098 days of ICU stay), including a graphic representation of the distribution of the different mean daily fluid volumes. Mean
duration of one ICU day, 20.3 6.7 h. SD standard deviation, IQR interquartile range, N/A data not available. “To ensure optimal electrolyte manage-
ment in our ICU, only electrolyte-free formulas of parenteral nutrition are prescribed, with separate administration of electrolytes

Van Regenmortel N et al , Intensive Care Med (2018) 44:409-41
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Restrictive fluid management versus usual care in acute kidney injury
(REVERSE-AKI): a pilot randomized controlled feasibility trial

Table 2 Primary and secondary outcomes (adjusted for stratification variables)

Restrictive fluid Usual care Restrictive fluid manage- P value®
management (n=51) ment vs usual care (95%
(n=49) ()
Cumulative fluid balance at 72 h from randomization, mean (SD) — 1080 (2003) 61(3131) — 1148 (— 2200; —97) 0033
mL°
Duration of AKI (days), median [IQR]° 2[1-3) 3[2-7] —1(=3;0) 0.071
Number of patients-receiving RRT, n (%)° 6/46 (13) 15/50 (30) 042 (0.16;0.91) 0.043
Cumulative fluid balance at 24 h from randomization, mean (SD) —416(1194) 409 (1566) —822(—1381;—264) 0.004
mL©
Cumulative fluid balance at ICU discharge/day 7, mean (SD) mL — 2166 (2988) — 650 (4469) — 1532 (= 3036; — 29) 0.046
Cumulative dose of furosemide per day, median [IQR] mg' 0(0-19) 14 (0-26.2) 0(=11;57) 0.700

AKl acute kidney injury, RRT renal replacement therapy

Vaara S et al , Intensive Care Med (2021) epub
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t KC & G-CSF
t GFAP & microglia

Organ cross-talk (B |

N t Vascular permeability

[ Lung |

' Heart | t Vascular permeability

. Dysregulated channels
! TNF-a. IL-1 t Cytokines/chemokines
t Neutrophil trafficking Transcriptomic changes
t Apoptosis t Leukocyte trafficking

¢ Fractional shortening Altered response to

ventilator-associated injury

\

Suppression
 Liver |

o< - t Leukocyte influx

t Oxidation products
{ Antioxidants (GSH)

Bacterial

Bone marrow | translocation Altered liver enzymes

Anemia _ A  Gastrointestinal tract |

Coagulation duSO(ders ), v gy t Channel-inducing factor

Immune dysfunction ‘ t Potassium excretion 3)
Scheel PJ et al, Kidney Int 2008



Pathophysiology of CRS Type 1

Hemodynamically mediated damage

Doctoasod /_More in AHF
T TUSION
¥ Increased
T venous
prossure
’/ Exogenous laclors
Contrast media
—— I-—.-.

=t | ; ACE inhibltors Toxicity
y Diuretics Vascocostrichon

Acute
Heart

- = = Sympathohic Actvalion = — — _ _
-

-

Acute

—

Disease Humorally mediated damage Kid ney
or ' - —— RAA actsvabon, Na = H20 == In]ury
ratantion vasoconsinchon e =a =5
P I'OCE!d ures Renal hypoperfusion

Reduced oxygen delivery

Acute decompensation Natriuresis Necrosis / apoptosis
d pe H Hormonal laciors i\mp
Ischemic insult * \ 7:_ 4 Decreased GFR
\
A

Coronary anglography ! Resistance to ANP/BNP

-~
Cardlac surgery Immune mediated damage Cytokine i

Humoral

. signalling _ secrelion ’f BIOMARKERS
. KIM.1
Caspase Caspase Cystatin.C
activation N activation N-GAL
losis ™~ ,\'OHUC)"E - Apoplosis
Apoplosi Sen = Activation Endothelial S =" plosss Creatinine

activation

Acute Dialysis Quality Initiative Consensus Group




Acute Respiratory Distress Syndrome and Risk of AKI among
Critically lll Patients

Cumulative risk of AKI in patients with and without ARDS

L]
S — ARDS
a
-5 e —— L L 1
g
A
B
- O
B god™? No ARDS
el B
g M ot
2’ "
- ,Jd
s !
=
-4 T
2 10 20 0
Time (days) 0 2 5 10 Teme (days) 20 7 30
ARDS

Patients with ARDS, who developed AKI had a higher hospital mortality rate than those without AKI
(42.3% versus 20.2%; P<0.001)

Darmon M. etal. CJASN 2014; 9: 1347-53 il ;;;;;.jjj;l )
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Effects of mechanical ventilation on renal
function

Medullary blood

pressure regulation\

Baroreceptors

N4
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Effects of mechanical ventilation on renal

function

ANP, BNP

Atrial low pressure
receptors

S/

Medullary pressure

regulation \

Baroreceptors

<=

v

SNA
(Noradrenaline)

RBF Renin

GFR , Angiotensin ||
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Effects of mechanical ventilation on renal
function (high airway pressures)

Medullary

/ regulation \

SV Baroreceptors

Alrial pressure ‘
receplors

4

v

ANP, BNP | SNA
Intrathoracic (Noradrenaline)
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Effects of mechanical ventilation on renal
function (high airway pressures)

Medullary -
/ regulation \

Baroreceptors

Alrial pressure ‘
receplors

v

ANP, BNP | SNA
Intrathoracic (Noradrenaline)
pressure V ADH
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Ventilator-induced lung injury increases expression of endothelial
inflammatory mediators in the kidney

Proteome array analysis of inflammatory mediator levels in different injury models (mice)

* sham

» ventilator induced lung injury (VILI)
» cecal ligation and puncture (CLP)
« CLP+VILI (n = 4 for each group)

Hepokoski M et al, Am J Physiol Renal Physiol. 2017 Apr 1; 312(4): F654—-F660.

2x upregulated proteins:

Resistin
E-Selectin
P-Selectin
Angiopoetin 2
TNFRSF11B
TNFRSF13B
CD14

CD105

Increased proteins:
IGFBP1

VCAM-1

VGEF

IL-33

CLCX2/MIP-2
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Possible effects of acute
respiratory failure and
invasive/non-invasive

ventilation on renal function

Pneumonia

Capillary/alveolar injury
Protein-rich oedema
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Ventilated ARDS

Normal

Inflammation/immuno-mediated injury

¢ Platelets/Platelet-derived microparticies
Pulmonary hypertension/RV dysfunction
Nephrotoxns

Biotrauma
Barotrauma
$IL-6. PAI-1
¢ TNFR-1/2
Permissive
hypercapnia

) Hypercapnia
Hypoxemia + Residual lung volume
4+ Abdominal pressure

Risk of

¢t Intrathoracic pressure
Neurohormonal activat
t Abdominal pressure

¢+ Risk Damage ¢ GFR Failure

Botrauma

hyperinfiation

Death

Partial

recovery

>

Reoovery

Full
recovery
' ]

ADQI 21, Lung-Kidney Interactions

Joannidis M et al. Intensive Care Medicine 2
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Pathophysiology of AKI

 Tubular cell damage (hypoxia, toxins, DAMP/PAMPS, O, radicals)

* Tubulo-interstitial inflammation
 Impaired microcirculation
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Pathophysiology of AKI

----- = Potential Tor raped roversabulity

— Lo ly 1O e avvociated with
sontained AKT

@ Red biood cell

* Dendeitic cell

Reduced GFR due to:

* Intraglomerular hypotension

* Increased tubular pressure
* Intrarenal edema
. Tubuloglomerular feedback (TGF)
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Pathophysiology of AKI
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AKI : A Broad Clinical Syndrome

We Can Define AKI...

Stages defined by
creatinine and ~_

edoion. But
Etiology in the Critically lll is
| ______Multifactorial. ;
ot risk Thus, . B
We Cannot Expect a Single

Pathomechanism
Antecedents rs such
Intermediate Stage AL, KIM-1,

AKI

and IL-18 are
Outcomes surrogates
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