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Incidence of AKI

B Estimates depend entirely on definition, population
being studied

m 5 to 7% of hospital admissions (0.5, 1.0, or 1.5 mg/dL
increase in SCr depending on baseline)
m 1% of admissions from community-acquired AK]
m Following CABG:
= 15% of patients have a > 25% increase in SCr
= 1-2% require renal replacement therapy
m Sepsis:
= Doubling of SCrin 9% with SIRS, 51% with shock







Risk factors for AKI

B Best studied in cardiac catheterization and
CABG

® Cardiac catheterization:

® Age, higher SCr, CHF, diabetes

® contrast volume, intra-aortic balloon pump
m CABG:

m Age, higher SCr, CHF, diabetes, concomitant
valve surgery

m urgency of operation, bypass time
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Millions of patients undergo cardiac and vascular

surgery (CVS) every year in developed countries
alone.

Acute Kidney Injury (AKI) is a common
perioperative complication occurring in 20% to
70% of cases depending on the type of surgery
and the

definition of AKI used.
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More and more of these patients who receive
complex CVS are elderly with multiple
comorbidities, which predispose to the
development of AKI and potentially hasten
progression to ESRD.

Mortality rates among cardiovascular patients
undergoing RRT are between 40% and 70%, and
mortality is associated with both the

severity of the initial insult and the number of
episodes of AKI occurring during the hospital
admission.
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Ischemia and reperfusion—from mechanism to translation

Holger K Eltzschig and Tobias Eckle
Department of Anesthesiology, Mucosal Inflammation Program, University of Colorado, Aurora,

Colorado, USA

[ Vascular leakage

No reflow phenomenon

Cell death programs lschemia
Apoptosis, necrosis, and

autophagy-associated .
cell death reperfusion

Autoimmunity
Autoantibody and complement activation

Transcriptional Innate and adaptive
reprogramming immune activation

Fizure 1.
Biological processes implicated in 1schemia and reperfusion.
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Humoral Meuronal Systemic Protein kinases Transcription factors
+ Adenosine  + Adenosing  + Anfi-inflammatory  + PKC, PKG « STAT1/3

+ Bradykinin ~ + Bradykinin  + Anti-apoptotic « MAPK, MEK + MFkB

» Dpioids « CGRP + Anti-oxidant » Erl 1/2, Akt = AP-1

+ Erythropoietin « cGMP-dependent-kinase  + Mri2

« CGRP + JAK *HIF-1a

+ Angiotensin |
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* K channel
opening

+ mPTP inhibition
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Clinical Implications of the Inflammatory
Response to Cardiac Surgery

* Beneficial? ;

Immune system priming may help prevent perioperative infection and
promote wound healing.

However.......

* Anuncontrolled inflammatory response contributes to the pathogenesis
of:

Acute pulmonary dysfunction
Cardiovascular dysfunction
Neurologic dysfunction

Renal dysfunction
Splanchnic dysfunction
Hematologic dysfunction




protection

Vascular

Acute Effects of Hemolysis

NO depletion + Oxidative stress
Hypertension

Vaso-occlusion

Chronic Effects of Hemolysis
Endothelial dysfunction
Vascular injury

Lipoprotein oxidation
Atherosclerosis

blood vessel

hemoyisis

. Erythrocyte

a Hb tetramer
®® Hbdimer
®® Hb(Fe>") dimer

LA  Heme
(e Haptoglobin
€ Hemopexin

(D163 */ HO1™ macrophage

(D163 */ HO1* macrophage

Hepatic

Chronic Effects of Hemolysis
Dysregulated iron metabolis

Renal

Acute Effects of Hemaolysis
Renal Hb exposure
Oxidative damage

Chronic Effects of Hemolysis
Tubular injury
Renal failure

Splenic

Chronic Effects of Hemolysis
Extramedullary hematopoesis
Immune Dysregulation




Other mechanisms
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(Oxygen free radical generation
and metabolism.

Genetic predisposition to injury.

UPrecise nature of the genetic
(and epigenetic) variables involved
also remains unclear.

Cholesterol emboli.

OTissue injury releases
mitochondrial damage-associated

molecular patterns including
mitochondrial DNA, which can act
as a direct activator of
neutrophils, which in turn elicit a
systemic inflammatory response.




Diagnosis and Risk Assessment

Perioperative sCr-urine output "\ — Definition AKI

stratification

\/

- - l
albuminuria

4
4

4

Kidney specific
----- diagnostic approach

Management Prevention
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Risk Factors

CPBtima
F:r?-:b CPB non-pusatile
CKD Cross-clamp bme
Abuminurna Hamodiution
CAD Transtusion bad

CHF /Low EF Hypothermia
HTN :
DM

COPD

PVD
IABP

Type of Surgery

Cardogenic Shock
Emergent Case

Stress
Blomarkers
(ex.
THMPNGFBP-T
or NGAL)

=

Subclinical
AKI
{4 stress
biomarkers,
nomal funchonal
somarkers)

.

Post-operative
Risk Faclors

Hypovolemia
Hypotension
Alheroembolism
Sepsis
Neghrotoxing

 Cardiogenic Shock

AKI
(Damage and
funcbional
markers)




Acute kidney i |njury stages

Serum creatlnme crlterla Urine output
criteria

1 Increase in serum creatinine of 26 Less than 0.5 mi/kg/hour
micromol/litre or more within 48 hours for more than 6 hours*
OR %
1.5 to 2-fold increase from baseline
2 Increase in serum creatinine to more Less than O. 5 mi-/kg/hour
than 2 to 3-fold from baseline for more than 12 hours
3 Increase in serum creatinine to more Less than 0.3 ml/kg/hour
than 3-fold from baseline for 24 hours or anuria for
OR 12 hours

Serum creatinine more than 354
micromol/litre with an acute increase of
at least 44 micromol/ litre

* Urine output of less than 0.5 ml/kg/hour more than 8 hours in children and
young people




“Sub-
clinical AKI"

No functional
changes or
damage

Damage without
loss of function
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