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OBJECTVES

e The Problematic Definition of ARF / AKI
e The spectrum of AKI and pRIFLE
e Epidemiology

e Biomarkers of AKI

e Management and Renal replacement therapy

e (RRT) TreatmentModalities of choice?



Structure and Function of the Kidney

Primary unit of the kidney Is
the nephron

1 million nephrons per kidney

Composed of a glomerulus
and a tubule

Kidneys receive 20% of
cardiac output




Renal blood flow

Aorta - Renal artery -
Interlobar arteries =
Interlobular arteries -
afferent arterioles -
glomerulus - efferent
arterioles

In the cortex = peritubular
capillaries

In the juxtamedullary region
—>Vvasa recta

Back to the heart through the
Interlobular = intralobar 2>
renal veins




Pathophysiology

e outer renal medulla
prone to ischaemia

e reduced renal blood
flow worsens
medullary ischaemia

e i[schaemia causes
structural changes
and ultimately acute
tubular necrosis
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Traditional Definition of ARF

e Acute Renal Fallure:

“Sudden loss of renal function resulting in the loss of the
kidneys’ ability to regulate electrolyte and fluid
homeostasis”

Failure of the kidneys to excrete nitrogenous waste
products

A rise In serum BUN or creatinine concentration, with or
without decrease In urine output

ARF Is often transient and completely reversible.



the Problematic Definition of ARF

ePediatric AKI definition: a moving target

Infants

# Creatinine in the first few weeks of life may reflect
maternal values

Children

¢ Low baseline Cr makes 0.2-0.3 changes in Cr
significant
+ Varying muscle mass

Adolescents
+ Creatinine rise may be a late sign of AKI




the Problematic Definition of ARF

e The lack of a uniform ARF definition has prevented
optimal ARF outcome research
One study’s ARF is another study’s lab error
(or maybe not)

e Inherent problems with SCr as ARF marker

Does not differentiate
A the nature and type of renal insult
A sjte of renal insult
A Prognosis of AKI
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Stratification system
intended to establish
the presence or
absence of AKI and
describe the severity
of the AKI syndrome

Acute Dialysis Quality Initiative (ADQI) 2002
GFR Criteria® Urine Output Criteria

. or GFR decrease e A R
Risk > 50% X 6 hr Sensitivity
Increased creatinine x 2
Injury or GFR decrease U0 < .5ml/kg/h
> 50% x12'hr

Increase creatinine x 3
orGFR dec >75% | UO <-3mlkg/h

Failure = °F Sreatinine >4mg/dl X 24 hr or 5 High
(etericot20omg® ¥ Anuriax 12 hrs .30 Specificity
@)

I Persistent ARF** = complete loss
053 of renal function > 4 weeks




Table 6 | Pediatric-modified RIFLE (pRIFLE) criteria

Estimated CCl Urine output
Risk eCCl decrease by 25% <0.5ml/kg/h for 8 h
Injury eCCl decrease by 50% <0.5ml/kg/h for 16 h
Failure eCCl decrease by 75% or <0.3ml/kg/h for 24 h or
eCCl <35ml/min/1.73 m? anuric for 12h
Loss Persistent failure >4 weeks
End End-stage renal disease
stage (persistent failure >3
months)

eC(l, estimated creatinine clearance; pRIFLE, pediatric risk, injury, failure, loss and
end-stage renal disease.

A Akcan-Arikanl et al, Kidney International (2007) 71, 1028-1035



Early sign of AKI: Oliguria

(UO < 0.5 CC/KG/Hour x 8 hours)

ewarning sign of impaired tissue perfusion
eleads to acute renal failure if not corrected
o2 hours’ oliguria MUST Dbe treated urgently
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Predict....Prevent..... Treat



Causes - multi-factorial

e Pre-renal: hypoperfusion
dehydration
hypovolemia

hemodynamic factors that can compromise renal perfusion
(CHF, shock)

e Renal:
nephrotoxins

= aminoglycosides, glycopeptides, NSAIDs, ACEIs, contrast
media, loop diuretics

rhabdomyolysis, hypercalcaemia, hyperphosphatemia, tumor
lysis syndrome

Intrinsic renal disease
= interstitial nephritis, glomerulonephritis
e Post-renal: Obstruction
= stones, papillary necrosis



Epidemiology of: AKI'in Children




AKIltncidence

aPaediatric incidences of AKI

aNeonates have higher rates of AKI, especially
following

AThe incidence of AKI In newborns in a developing
country was 3.9 /1000 (0.49%0) live births
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PEQIACA BIRECENINERIUENIIGIOU)

Patient Selection

Reviewed all admissions to Texas Children’s
Hospital from January 1998 through June 2001

Selected patients <20 years of age with ARF
listed as diagnosis on discharge or death
summary

Reviewed list and defined AKI as GFR by
Schwartz < 75 ml/min/1.73m? (n=254)

Stickle SH et al: Am J Kid Dis 45:96-101, 2005
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Most Common ARF Causes
ATN-Dehydration (21%)
Nephrotoxic drugs (16%)
Sepsis (11%)

Unknown (14%)

Stickle SH et al: Am J Kid Dis 45:96-101, 2005



Pediatric AKI; Recent Epidemiology

Renal Function at Hospital Discharge

(66%) completely recovered
(29%) had improved renal function or
chronic renal insufficiency

(5%) required renal replacement therapy

Stickle SH et al: Am J Kid Dis 45:96-101, 2005
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BIOMARKERS



Biomarkers: AMI versus AKI

Period Acute Myocardial Acute Kidney Injury
Infarction
1960s LDH
1970s CPK, myoglobin
1980s CK-MB
1990s Troponin T
2000s Troponin |
Multiple Therapies

50% | Mortality



Biomarkers: AMI versus AKI

Period Acute Myocardial Infarction Acute Kidney Injury
1960s LDH Serum creatinine
1970s CPK, myoglobin Serum creatinine
1980s CK-MB Serum creatinine
1990s Troponin T Serum creatinine
2000s Troponin | Serum creatinine

l

Multiple Therapies
50% | Mortality

l

Supportive Care
High Mortality

Need early biomarkers of AKI for improved

understanding, early treatment and better outcomes




e |deally AKI would have a biomarkers like
myocardial infarction

(.e. troponin-1)

e Currently no Troponin-I like marker to identify the
site or severity of injury, although various markers
are being evaluated

m Kidney Injury Molecule

m Neutrophil gelatinase-associated lipocalcin
|
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Incidence and Timing of AKI
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Using serum creatinine, the diagnosis of ARF can be made only after
24-72 hours post CPB

Mishra J et al; Lancet 2005
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Detection of Urinary NGAL by ELISA
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Urine NGAL is upregulated 15-fold within 2 hours after CPB in patients who later develop ARF
Mishra J et al: Lancet 2005
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Avoid volume overload
Treat complications

Adjust drug doses

Renal replacement therapy



Management

Treatable factors

hypovolaemia and shock - resuscitate

Infection - antibiotics and source control
nephrotoxic drugs - discontinue where possible
abdominal compartment syndrome - decompress
rhabdomyolysis - alkalinise, mannitol
hypercalcaemia: hydration

obstruction: remove obstruction



Investigations

e Urea, creatinine '
e Na, K, Ca s

e CPK i I
e ABG i : L

Sy
e

¥

e Renal ultrasound s
e Urine dipstick AR

+ microscopy R "
+ renal biopsy Hydronephrasis- <7 e




Resuscitation

ecorrect hypovolaemia

A volume repletion
A CVP guidance using serial fluid challenges

erestore cardiac output

A vasopressors/inotropes if other evidence of tissue
hypoperfusion

erestore perfusion pressure

A Maintain MBP according to age
A yolume repletion and vasopressors



AcUute renal fallure reguiring urgent

management

e Rapidly rising creatinine
e Fluid overload

e Refractory oliguria

e Acidosis

e Hyperkalaemia

e Uremic pericarditis




Acute renal fallure

eVvolume restrict
eadjust drug doses

erenal replacement therapy

A unstable patients may require continuous
haemo(dia)filtration rather than intermittent haemodialysis



Dopamine

einconsistent diuretic effect
A pbut this may cause dehydration

edoes not

A increase creatinine clearance
A prevent acute renal failure

edoes cause serious toxicity problems
A tachyarrnythmias
A exacerbates renal and mesenteric ischaemia
A impaired immune function



Fursemide

edoes
A reduce juxtamedullary oxygen consumption

e has not been shown to

A improve creatinine clearance
A affect survival either way

edisadvantages
A of diuresis
emay be used but ONLY after adequate
volume resuscitation



evolume expansion

eosmotic diuresis

efree radical scavenging

emay have specific role in rnabdomyolysis
e Patient should be making urine to be given



Renal replacement therapy
Peritoneal dialysis, CRRT, Hemodyalysis

B

Dialysate fluid
i
)
|

E;-L Waste fluid

Continuous Ambulatory Peritoneal Dialysis
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Selection of Therapy for
Acute Renal Failure (ARF)

Renal Replacement Therapy for ARF

T

peritoneal Intermittent slow extended continuous
hemodialysis daily dialysis therapies
(SLEDD) (CRRT)

dialysis

* In small children _
« if no vascular - standard » prolonged, daily * mostly

access can be haemodialysis haemodialysis haemofiltration

obtained

* appropriate for * suitable for most * suitable for all
isolated ARF patients patients
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IHD vs. CRRT: No “Saw Tooth”
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Ronco C et al
Nephrol Dial Transplant 13[Suppl 6]:76-85




CRRT and Qutcome in Children

e 22 pt (12 male/10 female) received 23 courses (3028 hrs) of
CVVH (n=10) or CVVHD (n=12) over study period.

e Overall survival was 41% (9/22).
e Survival in septic patients was 45% (5/11).

e PRISM scores at ICU admission and CVVH initiation were 13.5
+/- 5.7 and 15.7 +/- 9.0, respectively (p=NS).
e Conditions leading to CVVH (D)
Sepsis (11)
Cardiogenic shock (4)
Hypovolemic ATN (2)
End Stage Heart Disease (2)

Hepatic necrosis, viral pneumonia, bowel obstruction and End-Stage
Lung Disease (1 each)

Goldstein SL et al: Pediatrics 2001 107:1309-12
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CRRT and OQutcome in Children

Lesser % Fluid Overload (FO) at
CVVH (D) initiation was
associated with improved
outcome (p=0.03)

Lesser % FO at CVVH (D)
initiation was also associated with =
improved outcome when sample g
was adjusted for severity of illness Z
(p=0.03; multiple regression
analysis)

Goldstein SL et al: Pediatrics 2001 107:1309-12
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Fluid Overload as a Risk Factor

—/ Survivors
1 Non-survivors

8
*p=0.02; **p=0.01
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OUTCOMES

e Impacting on AKI demands that we optimize
therapies

e Predict, prevent, treat immediately

e Technology can help, we wouldn’t hold ventilation
If the need it---so why does this happen in the case
of AKI?

A Access?

A Fear?

A Failure to appreciate the consequences of with-holding therapy?
A Knowing when to start? (the great debate)

A Knowing what modality to use (availability?)

A Available data?

43






