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Case Study

m 28 week Premat ure infant 9509

- Stormy antenat al course - premat ure rupture of
membranes & chorioamnionitis

- Poor Apgars - needed ventilation

m Week 1 develops PDA
- Treated successf ully with | ndomet hacin

m Also develops Sepsis
- Rx Ampicillin / Gent amicin

m Necrotizing enterocolitis - oliguria
- Bowel perforation - theatre

m Shocked, anuria & oedemat ous - f luid boluses
m Unable to adequat ely establish f eeding




Incidence of Acute Renal
Failure(ARF) in NICU

m ARF Iinthe newborn is a very common problem:
- 3 -8% NI CU admission - Agras Pl Renal Failure 2004
- 6 - 24% of newborns - Andreoli S. Semin Perinatal 2004
- Frequently multif actorial in origin

m Acute Renal Failure in Pl CU
- 4.5% - Bailey D Ped Critic Care 2007

= Mortality in babies with ARF
- 25 -50% - Moghal N Semin Fet & Neon Meds 2006




NICU

467 consecutive admissions/ 1 year
Lunn AJF et al. Arch Dis Child Fetal Neon ed 2006;91:F388-390

m ARF plasma creat >100umol/| @ 48hrs age

m Total 8.8% admissions
- 37% <28wks
- 8% 28-32wWKs
- 4% 33-36wks
- 2% Terminfants

m Causes - multif actorial:
- Sepsis 39%
- Perinatal asphyxia 17%
- Hypot ension 10%
m Prophylactic | ndomet hacin - Vent <1000g

m Death in 24%




Embryology

m Nephrogenesis continues to 34 weeks
gestation
m | schaemic/ Hypoxic and toxic insults

- Potentially interrupts nephrogenesis
- ARF
- Also long term complicat ions




ARF
Traditional Classification

Haycock GB. Semin Neonatol 2003 Aug;8(4):325-34

m Failure of Renal Perf usion
- Pre-renal

m Damage t o Renal Parenchyma
- I ntrinsic renal

m Obstruction of Urinary tract
- Post -renal "obstructive”



ARF according to urine
output

m Oligo/ anuria
- Newborns with pre-renal failure
- Due to hypoxia/ischaemic insults - ATN
- Cortical necrosis

= Normal urine out put

- Nephrot oxic insults - aminoglycoside and
contrast nephropat hy




Pre-renal Failure

Decreased renal perfusion in intrinsically
normal kidney

m Restoration of normal renal perfusion
resultsinreturnto normal renal f unction

m Acute tubular necrosis(ATN) implies kidney
has suffered intrinsic damage

m Evolution of pre-renal torenal failure is not
sudden

- number of compensat ory mechanisms wor k
t oget her




Renal Hypoperfusion

m Afferent arteriole

- relaxes it s vascular tone & decrease vascular
r esist ance

- maintaining renal blood flow
m | ncreased cat echolamine secretion
m Activation of renin angiotensin system

m Generat es Prost aglandins(PG's)
- Vasodilatory PG's including prost acyclin
- Mediat es vasodilation of renal microvasculature
- Maintains renal perf usion




Aspirin or NSAID's

m | nhibit PGs and thus affects
compensat ory mechanism

—precipitated renal insuf ficiency during
hypoper f usion

®m | ndomet hacin for PDA's - risk of renal

Insuf f iciency

- 56% reductioninurinary flowrate
- 27% reduction in GFR
- 66% reductionin free water




Aspirin or NSAID's

m | ndomet hacin vs | buprof en
Thomas RL. Europ J of Ped 2005;164(3):135-140

m Selective Cox-2 inhibitors no better

m | ncreased risk if:
- Premat ure - 40% alteration in renal function
- I nfant abn renal function prior
- Mot hers received indomet hacin
- Chorioamnionitis




Case Study

m 28 week Premature infant 9509

- Stormy antenat al course - premat ure rupture of
membranes & chorioamnionitis

m Week 1develops PDA
- Treated successf ully with | ndomet hacin

m Also develops Sepsis
- Rx Ampicillin / Gent amicin

m Necrotizing enterocolitis - oliguria
- Bowel perforation- theatre

m Shocked, anuria & oedemat ous
- fluid boluses

m Unable to adequat ely est ablish f eeding



Acute Tubular Necrosis(ATN)

m Pre-renal failure evolves if severe enough
- to cause vasoconstriction & ATN

= Urine analysis:
- Unremar kable or
- Low grade proteinuria & granular casts
- Abn tubular function - not conserving Na and H20

m Serum Creatinine rises 0.5-1.0mg/ dL/ day

= Radiology

- Normal size kidneys with loss of corticomedullary
dif ferentiation

m Radionuleotide renal scan

- Poor function & delayed accumulation in renal
parenchyma wit h no excretion of isotope




Prognosis of ATN

Good

Unless insult severe enough
- Vasculat ure injury + microt hrombi f ormation
- Subsequent cortical necrosis

Length of recovery variable
- Days to weeks

Diuretic phase - prevent additional injury
Long term f ollow-up - lat e complicat ions

Mortality & morbidity worse in ARF in
neonat es with multiorgan f ailure
Andreoli S Curr Opin Peds 2002




Nephrotoxic Acute Renadl
Failure

m Endogenous agent s

- haemoglobinuria, myoglobinuria
m Drugs

- Aminoglycosides

- NSAID's

- | ntravascular contrast

- '"Ampho-terrible’




Aminoglycosides

m Non-oliguric acute renal failure

= Urinanalysis - minimal urinary abnormalities

m Toxicity related to
- Dose & duration
- Level of renal function prior to drug

m Aetiology - lysosomal dysfunction of prox
tubule and is reversible

m After discontinuation of drug - creatinine
may continue to increase for few days

- Ongoing tubular injury due to high levels
- Once daily dosing




Vascular Insults

m Renal Artery Thrombosis
® Renal Vein Thrombosis




Vascular Insults
Cortical necrosis

m Assoc wit h hypoxic/ischaemic insult s

m Gross/ microscopic haemat uria, oliguria, hpt
m Raised Urea and Creatinine

= Thrombocyt opaenia

mU/S

- normal(early)
- then atrophy & decrease in size

= Nuclear Renal Scan
- decreased/ no perf usion wit h delayed/ no f unction

m Partial or norecovery - risk of CRF later




Medical management

m Fluid management

m Electrolyte status

m Acid-base balance
mNutrition

m Renal Replacement Therapy



Medical management
Diuretics - Mannitol

m Stimulat es urine out put

m Conversion of oliguric to non-oliguric ARF
- does not alter course of ARF

= Mannitol 0.5 - 1g/ kg may

- I ncrease intra-tubular urine flow to limit
tubular obstruction

- Limit cell damage by prevention of swelling
- Act as scavenger of free radicals

m Lack of response
- Hyperosmolality and precipit ates CCF




Medical management
Diuretics - Frusemide

m Alsoincreases urine flowrate to decrease
Intra-tubular obstruction

m | nhibits Na/ K/ AT Pase

- | mpact on oxygen consumption in already damaged
tubules with low O2 supply

m Problems: high doses in ARF assoc wit h
ot ot oxicity

m Trial of therapy: 1-5 mg/ kg/ dose

- Unresponsive to Rx - continued high doses
unlikely to be beneficial

- Do Respond - continuous inf usion ef f ective with
less toxicity




Medical management
Dopamine

® 'Renal Dose’

m Promot e renal perfusion and improves
urine out put by promoting natriuresis
m But ...studies in adult s does not
- Decrease need f or dialysis
- | mprove survival  Denton MD Kidney I nt 1996

m Not effective in paeds either ..but
neonates ?
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Medical management
Hypokalaemia

Cochrane Dat abase Syst Rev 2007 Jan 24;(1):CD005257

m Newborns with K>6.5mmol/ | in absence of ARF

Cardiac toxicity - tall peaked T's — v/tach & v/ fib

Combination of insulin & glucose preferred over
cationresin

- Borderline improvement of mortality
- Reduction in incidence of | VH >grade 2

Albuterol inhalation decreased K+ at 4 & 8hrs

Other Rx for TK+ - diuretics, xchange transf usion,
PD and Calcium still needs RCT testing




Medical management

= Mild Hyponat raemia - very common in ARF
- Fluid overload wit h dilutional hyponat raemia
- Less commonly - hyponat raemic dehydration
Management
- >120meqg/| - fluid restrict or dialysis
- <120meqg/ | - correction to level of 125meq/

m Hypocalcaemia - ionised Ca
m Hyper phosphat aemia
m Acid base disorders




Medical management

m Marked cat abolism
m Early Enteral feeding if possible

m Feeds compromised due to fluid
balance issues

- Earlier initiation of dialysis




“If's still hungry . . . and I've been stuffing
worms into It all day.”




Renal Replacement Therapy
(CRRT)

m Peritoneal Dialysis(PD)
m Haemodialysis intermittently

m Haemof ilt rat ion/ Cont inuous Veno-
veno haemof iltrat ion(CVVH)

- with or wit hout dialysis circuit




RRT
Peritoneal Dialysis

YES

m Easy to perform - practical & training

m Does not require heparinisation

m Dif ficult venous access

® Haemodynamically unst able babies

NO

m Slower correction of metabolic parameters
m Potential for peritonitis

m Frequent exchanges required in babies

m Recent abdominal surgery







RRT
Peritoneal Dialysis

m | talian study: Neonat es requiring RRT
- Due to oligoanuria/ fluid overload
- 11/ 12 patients PD as only f orm of RRT
- UF=5-20ml/hr with up to 200ml/ 24 hr

- Creat clearance 2-10ml/ min/ 1.73m?2
- Morelli S et al. Contrib Nephrol 2007;156:428-33

m USA: New Cat heters - Mult ipur pose
drainage cat heter (Cook)
- Bedside placement

- Effective dialysis with satisfactory
complication free survival
Auron A, Warady B et al Am J Kid Dis 2007 May;49(5)650-5




RRT
PD and Ultrafiltration

m Turkey: Complex Congenital Cardiac
patients

- Neonates & I nfants <1lyr - 756 patients

- All cases received peri-operative
ultrafiltration

- 186 patients(24.6% of total) required PD

- Combination of modalities

- Post-op negative fluid balance with
Impr ovement of outcome
» Alkan T et al. ASAI O J 2006 Nov;52(6):693-7







