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28 week Pr emat ur e inf ant 950g
St or my ant enat al cour se pr emat ur e r upt ur e of 
membr anes & chor ioamnionit is
Poor Apgar s needed vent ilat ion

Week 1 develops PDA
Tr eat ed successf ully wit h I ndomet hacin

Also develops Sepsis 
Rx Ampicillin / Gent amicin

Necr ot izing ent er ocolit is - oligur ia
Bowel per f or at ion - t heat r e

Shocked, anur ia & oedemat ous f luid boluses
Unable t o adequat ely est ablish f eeding



ARF in t he newbor n is a ver y common pr oblem:
3 8% NI CU admission Agr as PI Renal Failur e 2004

6 24% of newbor ns Andr eoli  S. Sem in Per inat al 2004

Fr equent ly mult if act or ial in or igin

Acut e Renal Failur e in PI CU 
4.5% - Bailey D Ped Cr it ic Car e 2007

Mor t alit y in babies wit h ARF 
25 50%  - Moghal N Sem in Fet & Neon Meds 2006



467 consecut ive admissions/ 1 year
Lunn AJ F et al. Ar ch Dis Child Fet al Neon ed 2006;91:F388-390

ARF plasma cr eat > 100umol/ l @ 48hr s age
Tot al 8.8% admissions

37% < 28wks
8% 28 32wks
4% 33-36wks
2% Ter m inf ant s

Causes mult if act or ial:
Sepsis 39%
Per inat al asphyxia 17%
Hypot ension 10%

Pr ophylact ic I ndomet hacin Vent < 1000g
Deat h in 24%



Nephr ogenesis cont inues t o 34 weeks 
gest at ion
I schaemic/ Hypoxic and t oxic insult s 

Pot ent ially int er r upt s nephr ogenesis
ARF
Also long t er m complicat ions



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

Failur e of Renal Per f usion 
Pr e-r enal

Damage t o Renal Par enchyma 
I nt r insic r enal

Obst r uct ion of Ur inar y t r act
Post -r enal obst r uct ive



Oligo/ anur ia 
Newbor ns wit h pr e-r enal f ailur e
Due t o hypoxia/ ischaemic insult s ATN
Cor t ical necr osis

Nor mal ur ine out put
Nephr ot oxic insult s aminoglycoside and 
cont r ast nephr opat hy



Decreased renal perf usion in int rinsically 
normal kidney
Rest or at ion of nor mal r enal per f usion 
r esult s in r et ur n t o nor mal r enal f unct ion

Acut e t ubular necr osis(ATN) implies kidney 
has suf f er ed int r insic damage

Evolut ion of pr e-r enal t o r enal f ailur e is not 
sudden 

number of compensat or y mechanisms wor k 
t oget her



Af f er ent ar t er iole 
r elaxes it s vascular t one & decr ease vascular 
r esist ance  
maint aining r enal blood f low

I ncr eased cat echolamine secr et ion

Act ivat ion of r enin angiot ensin syst em  

Gener at es Pr ost aglandins(PGs) 
Vasodilat or y PGs including pr ost acyclin
Mediat es vasodilat ion of r enal micr ovasculat ur e  
Maint ains r enal per f usion



I nhibit PGs and t hus af f ect s 
compensat or y mechanism 

pr ecipit at ed r enal insuf f iciency dur ing 
hypoper f usion

I ndomet hacin f or PDA s r isk of r enal 
insuf f iciency

56% r educt ion in ur inar y f low r at e
27% r educt ion in GFR
66% r educt ion in f r ee wat er



I ndomet hacin vs I bupr of en
Thomas RL. Eur op J of Ped 2005;164(3):135-140

Select ive Cox-2 inhibit or s no bet t er

I ncr eased r isk if : 
Pr emat ur e - 40% alteration in renal function

I nf ant abn r enal f unct ion pr ior
Mot her s r eceived indomet hacin
Chor ioamnionit is



28 week Premature inf ant 950g
St or my ant enat al cour se pr emat ur e r upt ur e of 
membr anes & chorioamnionit is

Week 1 develops PDA
Tr eat ed successf ully wit h I ndomethacin

Also develops Sepsis
Rx Ampicillin / Gent amicin

Necr ot izing ent er ocolit is - oligur ia
Bowel perf orat ion - t heat r e

Shocked, anuria & oedematous
f luid boluses

Unable t o adequat ely est ablish f eeding



Pr e-r enal f ailur e evolves if sever e enough 
t o cause vasoconst r ict ion & ATN

Urine analysis:
Unr emar kable or
Low gr ade pr ot einur ia & gr anular cast s  
Abn t ubular f unct ion not conser ving Na and H2O

Serum Creat inine r ises 0.5-1.0mg/ dL/ day
Radiology

Nor mal size kidneys wit h loss of cor t icomedullar y 
dif f er ent iat ion

Radionuleot ide renal scan
Poor f unct ion & delayed accumulat ion in r enal 
par enchyma wit h no excr et ion of isot ope 



Good
Unless insult sever e enough

Vasculat ur e inj ur y + micr ot hr ombi f or mat ion
Subsequent cor t ical necr osis

Lengt h of r ecover y var iable
Days t o weeks

Diur et ic phase pr event addit ional inj ur y
Long t er m f ollow-up lat e complicat ions
Mor t alit y & mor bidit y wor se in ARF in 
neonat es wit h mult ior gan f ailur e               

Andr eoli S Cur r Opin Peds 2002



Endogenous agent s 
haemoglobinur ia, myoglobinur ia

Dr ugs
Aminoglycosides
NSAI D s
I nt r avascular cont r ast
Ampho-t er r ible



Non-oligur ic acut e r enal f ailur e

Ur inanalysis minimal ur inar y abnor malit ies

Toxicit y r elat ed t o 
Dose & dur at ion
Level of r enal f unct ion pr ior t o dr ug

Aet iology lysosomal dysf unct ion of pr ox 
t ubule and is reversible

Af t er discont inuat ion of dr ug cr eat inine 
may cont inue t o incr ease f or f ew days

Ongoing t ubular inj ur y due t o high levels
Once daily dosing



Renal Ar t er y Thr ombosis
Renal Vein Thr ombosis



Assoc wit h hypoxic/ ischaemic insult s 
Gr oss/ micr oscopic haemat ur ia, oligur ia, hpt
Raised Ur ea and Cr eat inine
Thr ombocyt opaenia 
U/ S 

nor mal(ear ly) 
t hen at r ophy & decr ease in size

Nuclear Renal Scan 
decr eased/ no per f usion wit h delayed/ no f unct ion

Par t ial or no r ecover y r isk of CRF lat er



Fluid management
Elect r olyt e st at us
Acid-base balance
Nut r it ion
Renal Replacement Ther apy



St imulat es ur ine out put
Conver sion of oligur ic t o non-oligur ic ARF

does not alt er cour se of ARF

Mannit ol 0.5 1g/ kg may
I ncr ease int r a-t ubular ur ine f low t o limit 
t ubular obst r uct ion
Limit cell damage by pr event ion of swelling
Act as scavenger of f r ee r adicals

Lack of r esponse 
Hyper osmolalit y and pr ecipit at es CCF



Also incr eases ur ine f low r at e t o decr ease 
int r a-t ubular obst r uct ion

I nhibit s Na/ K/ ATPase
I mpact on oxygen consumpt ion in alr eady damaged 
t ubules wit h low O2 supply

Pr oblems: high doses in ARF assoc wit h 
ot ot oxicit y

Tr ial of t her apy: 1 5 mg/ kg/ dose
Unr esponsive t o Rx  - cont inued high doses 
unlikely t o be benef icial
Do Respond - cont inuous inf usion ef f ect ive wit h 
less t oxicit y 



Renal Dose
Pr omot e r enal per f usion and impr oves 
ur ine out put by pr omot ing nat r iur esis
But st udies in adult s does not

Decr ease need f or dialysis
I mpr ove sur vival Dent on MD Kidney I nt 1996

Not ef f ect ive in paeds eit her but 
neonat es ?





Cochr ane Dat abase Syst Rev 2007 J an 24;(1):CD005257

Newbor ns wit h K> 6.5mmol/ l in absence of ARF

Cardiac toxicit y t all peaked T s v/ t ach & v/ f ib

Combinat ion of insulin & glucose pr ef er r ed over 
cat ion r esin

Bor der line impr ovement of mor t alit y
Reduct ion in incidence of I VH > gr ade 2

Albuterol inhalat ion decr eased K+ at 4 & 8hr s

Other Rx f or K+ - diur et ics, xchange t r ansf usion, 
PD and Calcium st ill needs RCT t est ing



Mild Hyponat r aemia ver y common in ARF
Fluid over load wit h dilut ional hyponat r aemia
Less commonly hyponat r aemic dehydr at ion

Management
> 120meq/ l f luid r est r ict or dialysis
< 120meq/ l cor r ect ion t o level of 125meq/l

Hypocalcaemia ionised Ca
Hyper phosphat aemia
Acid base disor der s



Mar ked cat abolism
Ear ly Ent er al f eeding if possible
Feeds compr omised due t o f luid 
balance issues

Ear lier init iat ion of dialysis 





Per it oneal Dialysis(PD)

Haemodialysis int er mit t ent ly

Haemof ilt r at ion/ Cont inuous Veno-
veno haemof ilt r at ion(CVVH) 

wit h or wit hout dialysis cir cuit



YES
Easy t o per f or m pr act ical & t r aining
Does not r equir e hepar inisat ion
Dif f icult venous access
Haemodynamically unst able babies

NO
Slower cor r ect ion of met abolic par amet er s
Pot ent ial f or per it onit is
Fr equent exchanges r equir ed in babies
Recent abdominal sur ger y





I t alian st udy: Neonat es r equir ing RRT
Due t o oligoanur ia / f luid over load
11/ 12 pat ient s PD as only f or m of RRT
UF = 5 20ml/ hr wit h up t o 200ml/ 24 hr
Cr eat clear ance 2-10ml/ min/ 1.73m2

Mor elli S et al. Cont r ib Nephr ol 2007;156:428-33

USA: New Cat het er s Mult ipur pose 
dr ainage cat het er (Cook) 

Bedside placement
Ef f ect ive dialysis wit h sat isf act or y 
complicat ion f r ee sur vival 

Aur on A, War ady B et al Am J Kid Dis 2007 May;49(5)650-5



Tur key: Complex Congenit al Car diac 
pat ient s 

Neonat es & I nf ant s < 1yr 756 pat ient s
All cases r eceived per i-oper at ive 
ult r af ilt r at ion
186 pat ient s(24.6% of t ot al) r equir ed PD
Combinat ion of modalit ies 

Post -op negat ive f luid balance wit h 
impr ovement of out come

» Alkan T et al. ASAI O J 2006 Nov;52(6):693-7





Technologically challenging
Tr ained st af f
Equipment
A machine f or haemodialysing ver y small 

inf ant s
Ever dell NL et al. Ped Neph (2005)20:636-646
Ever dell NL. Med Eng Phys 2007 May;29(4):516-24

Pr iming volumes as low as 6.8ml vs 15-40ml
Manual now comput er oper at ed









ARF may r esult in long t er m r enal dysf unct ion
Low bir t h weight babies at r isk

Abit bol CL et al. Ped Nephr oll 2003;18:887-893

Signs of kidney inj ur y
Micr oalbuminur ia
Hyper f ilt r at ion (Schwar t z GFR > 150ml/min/1.73m2) 
or Decr eased GFR
Haemat ur ia
Hyper t ension

Sur vival r at e 56.8% (init ial hospit alisat ion + t hose 
died subsequent ly)

High pr opor t ion of ARF deceased 3-5yr s af t er 
event

Askenazi DJ , Goldst ein SL et al Kidney I nt (2006)69,184-189





MI McCulloch, PJ Sinclair, P Gaj jar, 
P Nourse, S Salie, S Singh, S 

Fisher, A Argent .

Departments of Paediat ric 
Nephrology & PI CU

Red Cross Childrens Hospital (RXH)



I ncr easing incidence in associat ion wit h 
mult i-or gan f ailur e in paediat r ic I CU s
1 200 1 400 admissions per year

Acut e medical cases 600/ yr
Car diac cases 250/ yr
Bur ns 50/ yr
Head inj ur ies 50/ yr
Ot her Rest

Mor t alit y 10%
Dialysis 3.5%



15(7%)Necr ot izing ent er ocolit is

19(9%)Haemolyt ic ur aemic 
syndr ome

19(9%)Gast r oent er it is

21(10%)Undiagnosed chr onic r enal 
disease

36(17%)Post -car diac sur ger y

46(22%)Sepsis



6(3%)Kwashior kor * *

7(3%)Toxin ingest ion

8(4%)Tr auma/ Bur ns

10(5%)Rapidly pr ogr essive nephr it is

11(5%)Myocar dit is

14(6%)Leukaemia/ Lymphoma



51 
(20%)

Sur gical inser t ed Tenckhof f

46 
(18%)

Kimal peel away Per cut aneous 
Tenckhof f

(62%)
53
106
4

Cook 
- 5 Fr Neonat al

- 8 Fr Paediat r ic
- 11 Fr Adult

260Tot al cat het er s used









68 pat ient s r eceived acut e per it oneal 
dialysis
17 Cat het er r elat ed pr oblems(25%)

Blockage in 16 all Cooke cat het er s
Bowel per f or at ion in 1 case

I nf ect ion seen especially if cat het er 
lef t in longer t han 5 days



Flynn et al (Br ophy & Bunchman) 

Cat het er 
malf unct ion

Cat het er 
blockage

Commonest 
pr oblem

51%61%Sur vival

25%25%Complicat ion 
Rat e

6368Nos of pat ient s

10 yr s2 yr sTime per iod

Flynn (USA)RXH



J anuar y 1999 t o J anuar y 2004

79(38%)
45(21%)
38(18%)
30(14%)
20(9%)

Age at dialysis:
< 3 months
3 months - 1yr
1 6 year s
6 12 year s
> 12 year s

102:110Male: Female

212TOTAL NUMBER OF PATI ENTS



20(9%)

11(55%)

Tot al nos of pat ient s r equir ing 
CVVHD (PD not possible)

Sur vival f ollowing CVVHD

26(12%)Chr onic PD r equir ed f ollowing 
Acut e PD

130(61% )Survival f ollowing Acute PD



McCulloch M, Ar gent A.
Red Cr oss Childr en s Hospit al

Univer sit y of Cape Town







Aug 1998 - Feb 1999

70 Childr en < 13 year s old dialysed
25 of t hese pat ient s wer e < 5kg
15/ 25 I nf ant s (60%) sur vived
Age r ange f r om 2 - 138 days
Male:Female 2:1



I NFECTI VE 
CAUSES

Sept icaemia
Diar r hoea
Fungal sepsis

SURGI CAL 
CAUSES

Necr ot ising
Ent er ocolit is
Car diac Sur ger y -
TGA s
Abdominal Sur ger y



13/ 15 pat ient s r eceived lar ge doses of 
Fur osemide e.g. 5mg/ kg/ dose pr e-dialysis

10/ 13 pat ient s wer e on Dopamine inf usions 
at t ime of dialysis

2 pat ient s r eceived Adr enaline inf usions in 
addit ion

7/ 14 pat ient s wer e on an Aminoglycoside 
ant ibiot ic (amikacin/ gent amicin)               
pr e - dialysis



0

1

2

3

4

5

6

7

<1kg 1-2kg 2-3kg 3-4kg 4-5kg



No bleeding complicat ions

2/ 15 cat het er s blocked - day 3 and 4 
on dialysis

Replaced 1 cat het er by r e-wir ing



Fluid Volumes:
Small volumes t o 
avoid r aised int r a -
abdominal pr essur e  
Fischbach M. Perit Dial Int 

1996

20 ml/ kg/ cycle
Adapt ed t o 
vent ilat or y
r equir ement s

Cycle durat ion:
Shor t dwell t imes 
t o opt imize 
ult r af ilt r at ion
45 - 60 minut e 
dwell cycles
Cont inuous dialysis 
over 24 hour s



Manual dialysis





Automated Dialysis
Home choice machine



0 1 2 3 4

0-24hrs

24-48hrs

48-72hrs

72-96hrs

96-120hrs

120-144hrs



Fluid over loaded inf ant s - Wet lungs wit h 
dif f icult vent ilat ion

Reduce maint enance f luid volumes t o 
minimum e.g. 40 ml/ kg/ day

Use combinat ion of 1.5% or 4.25% dianeal 
t o maint ain blood glucose

Use glucose concent r at ion in dianeal t o 
allow sever e f luid r est r ict ion (not usually 
t oler at ed in t hese small inf ant s)

Allows space f or f eeding/ f luids



15/ 25(60%) I nf ant s sur vived t o come 
of f dialysis 

Nil r equir ed long t er m dialysis

3 Subsequent ly demised - not r elat ed 
t o dialysis:

1 accident al ext ubat ion
1 Cer ebr al Palsy and developed 
sept icaemia 1 year lat er
1 Shock & Dehydr at ion due t o excessive 
colost omy losses 3 mont hs lat er



2 blocked cat het er s - 1 case size 5Fr 
cat het er changed f or a 8Fr cat het er
No bleeding pr oblems r elat ed t o 
cat het er
No inf ect ions r elat ed t o per it oneal 
dialysis
Hyponat r aemia r elat ed t o dialysis not 
a pr oblem

Na r anged f r om 129-138mmol/ l



Per it oneal Dialysis is a saf e and 
ef f ect ive met hod of cont inuous r enal 
r eplacement t her apy in inf ant s

Rapid inser t ion and saf et y pr of ile 
makes it possible f or use even in 
smallest inf ant s

Glucose cont ent in dianeal allows 
sever e f luid r est r ict ion wit hout 
hypoglycaemia



Per it oneal Dialysis is a r elat ively easy 
pr ocedur e f or acut e dialysis even in small 
babies.

I t can be lif e saving f or childr en. 

I t is appr opr iat e in t he Af r ican set t ing, as 
it does not depend on expensive 
t echnology.

Even in adequat ely r esour ce count r ies

Sur vival r at e is compar able t o our pr evious 
audit s and also t o cont inuous haemodialysis 
used in ot her paediat r ic unit s



Training f or Af rica

Nigeria

Nigeria Benin Uganda

Kenya



Pr event ion of ARF in Neonat es NB
I dent if y high r isk inf ant s
Bewar e t oxins especially dr ugs
Dialysis is possible even in smallest 
inf ant

Per it oneal dialysis st ill has a r ole
Especially in low r esour ce count r ies

Long t er m f ollow-up necessar y
Call a f r iend paeds nephr ologist !
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