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Pediatric Acute Kidney Injury (AKIl): Definitio

GFR Criteria*  Urine Output Criteria

of malnutrition in the context of
d to increased morbidity and

Table 6 | Pediatric-modified RIFLE (pRIFLE) criteria
Estimated CCI Urine output

Risk eCCl decrease by 25% <0.5mifkg/h for 8h
Injury eCCl decrease by 50% <0.5ml/kg/h for 16h
Failure  eCCl decrease by 75% or <0.3mifkg/h for 24h or
eCCl =35mlmin/1.73m’ anwuric for 12h
Loss Persistent failure >4 weeks
End End-stage renal disease
stage {persistent failure =3
manihis)
L1 extimated creatining cheaancs; pRIFLE, pediatric rigk, injury, failure, loss and
end-stage renal disease.

Kidney International (2007) 71, 1028-1035




iatric AKI: A common problem in criticallyill c

All PICU
Admx SCr baseline

82% AKI
4.5% AKI 42% AKI

16% 17%

No AKI  Stage1 Stage2  Stage3

Pediatric AKI: Incidence in PICU
Population & Definition-dependent




Pediatric AKI:
Changing Epidemiology

Table 4. Characteristics and outcome of the acute

Pediatric ARF Causes renal failure (ARF) cases (n = 44)

Etiologies of ARF

HUS

Hematology: oncology
pathologies

Cardiac surgery
Sepsis

jj|

Number of Patients

Low ATb

Neoplasm

Hem Cystitis ||

IATN-Dehyrdation
Fluid Overload [_]

Congenital Heart

[Pediatr Nephrol (2009) 24:1379-1384

Trauma
Diabetic ketoacidosis

Chronic renal failure
Others

Rhab, i
ARDS []
Pyelonephritis

Congestive heart

Chronic Renal Dz

Table 2 Causes of acute kidney

injury Cause

Bone marrow transplantation related

Primary renal disease

Dehydraton

Nephrotoxic medication

After cardiac surgery

Congenital anomalies of the urinary tract

Multiple etiologic factors with underlying chronic di

Total

Management of AKI

portive
ting of life-threatening fluid or electro

further renal injury




Hemodialysis

Dialysate

Effluent
Collection



inuous Renal Replacement Therapy (C

* ICU modality

‘ * Technically similar
— SLOW: Better
— CONTIN

Trends in Pediatric RRT

12-US Multicentre pp
Most include Dialysi

Table 2. CRRT technical characteristics™

Characteristic n (Circuits)
Maodality
CVVHD 746
CVVHDE 466

CVVH 321
SCUF 16

Clin ] Am Soc Nephrol 2: 732-738, 2007




Why CRRT in the Critically lll with AKI?

es hemodynamic instability preventing secondary ischemia
ise Volume control/immediately adaptable
ic toxin removal
control of uremia, hyperphosphatemia, hyperkalemi

etabolic acidosis

No Growth occurs during Acute lliness
Focus : Prevent Malnutrition

Children at Risk:
High basal rate of metabolism
Limited reserves

Baseline poor nutrition
+

Uremia and acidosis
Altered renal Amino Acid metabolism, lipid metabolism,

Fluid and Solute Clearance,
+

TLosses from Renal Replacement Therapy




iation of Nutrition in the Acute Phase of Critical Ill

eficial to initiate early feeds in the acute phase of critical i
lysis, 6 small trials, 234 patients

efit with immediate initiation (24 h) of enteral nutri
elayed initiation

Raviaw: Early EM (<24h) vs Control (Primary Analysis)
Comparison: 01 early EN va Control
Outcome: 01 Mortality, Intention 1o treal analysis

Study carly EN (<24 h) OR (fixed)
or sub-category N /\ % 95% Cl

Chiarelli 1990 0/10 i1 Mot estimable
Kompan 1999 0/17 + 13.40 0.20 [0.01, 4.47]
Kompan 2004 0/27 1/ q 8.89 0.30 [0.01, 7.63]
MNguyen 2008 6/14 19.95 1.00 [0.22, 4.47)
Chuntrasakul 1996 1/21 + 18.38 0.23 [0.02, 2.48]
Pupelis 2001 1/30 39.38 0.11 [0.01, 0.99]

Tatal (95% CI) 119 11 100.00 .34 [0.14, 0.85]
Total events: & (early EN (<24 h)), 19 (Control)

Test for heterogeneity: Chi¥ = 3.20, df = 4 (P = 0.52), F= 0%
Test for overall effect: Z = 2.31 (P = 0.02)

0.2 05 1 2 5 10
Favours EN  Favours Control Doig GS et al. Intensive Care Med 2009

Review of Energy Needs and Utilization of Fuel

pective observational study

kes of calories and protein recorded. Balance calculate
ting actual intake from RDA, over a max of 14 days

were evaluated also at discharge, 6 weeks an

Mean Energy deficits Mean Protein deficits;

27 kcal/kg — Preterm neonates 0.6 g/kg/day — Preterm

20 kcal/kg — Term neonates 0.3 g/kg/day — Term Newborns
12 kcal/kg — Older children 0.2 g/kg/day — Children




Malnutrition in PICU population with AKI

view : all PICU admissions over an 8 month period  Kkyle UG et al Cli
alnutrition was 20% in PICU population
Inutrition was 33% in PICU Patients with AKI- Injury or Failure ( p

Table 2. ORs in patients with AKI compared with no AKI
o (n) Yo (n) OR (CT) P
Acute malnutrition Normal Moderate/ severe
No AKI 56,3 (58] 137 (14) 1
= Fragkr] T TTWo50) TS
66.7 (14) 33.3(7) 3.1(1.1-9.1) 0.3 3
Chronic malnutrifion 75
No AKI 824 (84) 17.6 (18) 1 2 e
Risk £3.6(28) 36.4 (16) 27(12-59) o2 3
Injury / failure 762 (16) 238(5) 1.5 (0.5-4.5) 051 25
PPRISM 111 =h =7 3 0
MNo AKI 71.2(74) 25,8 (30) 1
Risk 52.3(23) 47721 23(1.14.7) nm
Injury / failure 38,1 (8) 61.9(13) 4.0(1.5-10.7) 0.01 -
PELOD =21 >22 Lon
No AKI 98.0 (100) 20(02) 1 E
Risk 93.2 (41) 6.8 (3) A7 (0.6-22.7) 017 a 175
Injury / failure 81O (17) 19.0(4) 11.8 (2.0-69.3) oot 2 150
Hospital LOS =14 =15 =
No AKI H1.8 (63) 38.2(39) 1 g 125
Risk 523 (23) 477 (21) 1.5 {0.7-3.0) 0.29 £ 100
Injury / failure 333(7) 6.7 (14) 32(1.2-87) 0o =
Survival Alive Died L&
No AKI 97,1 (99) 29(9) 1 g 50
Risk 100 (44) 0 {0)
Injury / failure 85.7(18) 143(3) 5.5 (1.0-29.4) 008 g 2
0
<

Moderate/severe wasting is weight for age <2 z-scores below normal. Moderate /severe stunting is height for age <2 z-scores below
narmal, using the 2000 Centers for Disease Control and Prevention growth charts. OR, edds ratio; CIL confidence interval; PRISM 111,
Pediatric Risk of Mortality Score; PELOD, Pediatric Logistic Organ Dysfunction; LOS, length of hospital stay.

Energy Expenditure in Critically Ill Children

e energy requirements for critically ill pa




Comparison of MEE vs. PEE

RDA-FNBNRG 4

PEE-HB ._li'."i.:,g: T L S = L

PEE-WHO *

PEE-Schofield *

PEE-Talbot B

MEE -

Energy and Substrate Use in Acute lliness

I helped define the metabolism of children during a
ormal metabolic or hypermetabolic

abolic was defined as a state when the MEE
orimetry was >10% above the predicted e

gy given to the children was 0.

_ Normal Metabolic (n = 14) | Hypermetabolic (n =19)

mREE (MJ/Kg/d) 0.16 +- 0.05 (38 kcal/kg/day) 0.28 +- 0.1 (66 kcal/kg/d)
Fat Oxidation (mg/min) 22 +-29 27+- 70
npRQ 1.21 0.86

10



Energy Expenditure in Acute Critical lliness

ments depend on the phase of the illness
convalescent phase
etabolism is low in th

Fuel Changes during AKI and Acute Critic

anges in Acute llIness:

11



ate Utilization and Nutrient 25

o 0 4 g 20
ComPOSltlon Tappy et al. Crit Care Med 1998 §§:§ 5
. . =—.l |0
tion i
AA: 10% Lipid - -
AA: 70% Lipid ¥ g
. =
lucose metabolism and de £
3 Glucose, C13 Acetate : ’ : :
& 5]
i =

Disposal (mg/kg/min)

Endogenous Glucose
Production (mg/kg/min)

Nonoxidative Glucose

Lipid Metabolism in Acute Critical lliness

vation:
in insulin and increase in glucagon secretion

etic activation stimulates hormone sensitive lipoprotei
A from adipose tissue.
FFAs are converted by the liver to ketone b
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Lipid Metabolism in AKI

olysis:
ipase Activity ~50%

esterol: Conditional Essential Nutrient in

ith normal lipemia
ipid emulsion and 20% lipid emulsi

13



e of Lipid Used in Nutritional Formulati

inflammation: n-3 fatty acids have anti
ffects while n-6 fatty acids are p

cute Kidney Injury and Catabolic Stre

hanges due to AKI and critical illness cause de
bolism and lead to catabolic state, hypoa

lism and atrophy occur as

14



Protein Catabolism and Nitrogen Balance

Protein Intake and ICU Outcomes

tive Cohort Danish Study:
Adults, Intubated, severe sepsis or >15%

Burn

d Protein Intake, Nitrogen and Energy Bala

Low Protein/AA Intake Medium Protein/AA
(53.8 g/d) Intake
(84.3 g/d)

K-M Survival Probability 49% 79%
on Day 10

High Protein/AA Intake
(114.9 g/d)

88%

15



rotein Intake and Outcomes in ICU Patients on RR
chanically Ventilated, CRRT Patients with APACHE 26 + 8

I) kept constant and determined by IC when available or Schofield
ocaloric protein-feeding regimens were provided

_ Control: N=10 Intervention: N=40

Protein Diet 2g/kg/d x 6 days 1.5-2.0-2.5g/kg/d
Escalation at 48° Intervals

Nitrogen Balance Negative Over Time Positive over time in
Response to I Protein
Support

Energy Expenditure (IC): Increased by 56+24 cal/day over the study period

Nutrition and CRRT

gen Balance be achieved in AKI patients on CRRT?
metabolism was studied in two cohorts

eceived equal amounts of calories

rotein diet improved nitrogen balance and ¢
to AKI patients on CRRT

_ Moderate Protein Intake | High Protein Intake

Protein Intake 1.2 g/kg/d 2.5 g/kg/d
Nitrogen Balance -5.5g N/d -1.9g N/d

Positive Nitrogen Balance 36.7% 53.6%
during a 24h period

Mean Plasma Urea 18 mmol/L 26.6 mmol/L
Survival 31.1% 37.5%

16



rotein Losses on Renal Replacement Therapy: Slow IH
PD, CVVHD

AA/Protein loss (grams)

% AA intake lost via RRT

Diet prescription
AA/Protein
NP kcal [CHO: Lipid]

IHD (Qb=80mI/min,

D=1.8L/hr x 12 hr,
SA=0.7m2

6g/day

16%

40 g/day
2000-2400 kcal/d

PD:IPD for 10hr/day:
Acute PD for 36hrs :
CAPD for 24hr/day

IPD=12.9 g/d
Acute PD=23.3 g (15.5g/d)
CAPD= 8.8 g/d

NA

NA

CVVHD(Qb=150mL/min,
D= 1-2L/hr,UF= 0.67L/hr,
SA=0.5m2

12g/day

5-12%

2.5g/kg/day
35kcal/kg/day [60:40]

Protein Losses on RRT

Calorie Intake NPkcal

(CHO:Fat)

AA Intake g/day

AA Loss/day

% Dietary AA Loss

N2 Balance: g/day

RRT Prescript:
UF rate: L/hr
HF SA = m2

Davenport
(1989)

1450 kcal
(~70:30)

60 g AA
(1L Vamin9)
2.4g/d : 7.9g/d

13%

0.5L/hr : 1L/hr
0.6 m2

Davies
(1991)

2000-2400 kcal

60:84:112 AA
1L of
Vamin9:14:18

NA

NA

UF:0.5L/hr:
D:1L/hr : D2L/hr
0.43m2

Bellomo
(2002)

2100 kcal
(60:40)

2.5g/kg/day
(1 L Synthamin 17)

~12g/day

~12%

-1.8g/d

UF:0.67L/hr
D :1-2L/hr
0.5m2

Maxvold
(2000)

1.25 x mEE
(70 : 30)

1.5g/kg/day
Aminosyn I

CVVH:12.5g/d/1.73m2
CVVHD:11.6g/d/1.73m2

~11.5%

CVVH: -3.68 g/d
CVVHD: -0.44 g/d

UF : 2L/hr
D:2L/hr
0.3 m2

17



mbined Results of Clearance of Essential Amino Acids by CR
Zappitelli et al Intensive Care Med 2009 (n=15)
and Maxvold et al, Crit Care Med 2000 (n=6)

ml/min/1.73m

60+

50+

40/
K 30
20/

10+

0

Thr Glu GIn Pro Gly Ala Val Met Phe Lys His Arg
Amino Acids

Trial Year

Snghe center
Beale R 2008
CaiG 2008
Careal PV 2003
Gelmen N 2011
Duska F 2008
Eroghi & 2000
Fuentes-Orozeo C 2004
Fuentes-Orozen € 2008
Garrel D 2003
Goeters T 2002
Griffichs B 2002
Hall JC 2001
Houdijk AP 1998
Jensen JL 1996
Jones € 1990
Kumar 5 2007
Lua M 2008
MeQuiggian M 2008
Pérez-Bircena | 2008
Pérez-Bircena | 2010
Schreider A o1
Tjader | 2004
Wischmeyer PE 2001
SpindlerVesel A 007
Subtotal (l-squared =0.09, P=0.80)

Multicenter
Andiews PJD 2011
Conejera R 2002
Dechelotte P 2006
Grau T 2011
Heyland D 2013
Wemerman | 011
Powell-Tuck ) 1959

Subtotal {l-squared=7.6%, P=0.37)

Heterogeneity between groups: P=0.001
Overall (lsquared=12.4%, P=0272)

Glutamine  Contrel
o of deaths total mo, of patients

Effect Size (35% CI)

u 1.,

Lo | g

T

ATVAN e E\HUH
VARV LY AR

.00 (0.33-1059.82)

10/27 8/28
17/5% 20755
112 o7
3j15 615
2j20 oji0
120 120
2517 316
22 sj22
219 12/22
1146 21449
1842 28742
T 30yis
44 339
114 114
1226 10/24
G 557
129 015
o/lo 210
318 015
4yn 320
7130 30
1130 410
218 5/16
132 8l
18250 106252
1447 9437
1658 956
1659 2368
259/613  218/610
14/205 20/208
1017 925
r
000911

Glutamine Better Centrol Batter

Proportion of
Weighting
%

1.30 (0.60-2.79) 147
035 (050-144) 308
LI7 {0.04-30.52) o0s
0500.15-164) 06l
100 (D.10-4035) 009
100 (0.07-1450) 012
063 (012-328) 03l
040 (0.09-18%) 037
019 {005-0.76) 046
056 {030-10%) 232
0,64 (0.43-0.97) sl
0.9 {0.57-1.45) 376
L27 (030-531) 042
100 (0.07-1445) 0.2
LI1{059-208) 216
145 (050-417) 077
103 {0.04-2011) 008
0.25 (0.01-4.3%) olo
olo
LI6(029-457) 046
1.00 (0.40-2.50) 102
052(038-224)  loa
043 (010-133) 039
042 (005-337) 020
030 (0.66-0.96) 24566
109 (050-133) 2197
122 (060-251) 166
172 (pa3-356 161
0.50 (0.47-1.37) oo
L8 (1L03-136 4311
071 (037-137) 200
L63 (0.35-3.15) 199
LI4(10-127) 75
100,00

1.05 (0.85-1.15)

1o

Effect of Glutamine Supple|

* Glutamine is the most a
* Low glutamine levels h
poor outcome in critica
* Single center rando
administration of
infection, LOS, a
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and calorie prescription for children and young adults receiving
from the Prospective Pediatric Continuous Renal Replacemen

ace Metal and Folate CRRT Clearance in Childre

e replace micronutrients?

| deficiencies have been implicated in lymphocyte, pla
dysfunction and poor wound healing

ts that are water soluble, non protein bound and
are readily cleared

m and folate clearances were high
ignificantly by Day 5

K Day 2 K Day 5 Serum concentrations

(ml/min/1.73 m3)  (ml/min/1.73 m?)

Initiation Day 2 Day 5 Reference range®

Selenium _ 10.1, 9.5 (74, 13.3) 8.6, 7.2 (6.5. 11.4)] 55, 49 (39, 66) 61,59 (46, 70) 64, 63 (45,86)  23-190 (ug/)

Copper___ 0.4, 03 (0.2 0.6) 0.5, 0.4 (0.3. 0.5)_ 88, 87 (69, 100) L® 110, 106 (80, 140) 104, 103 (95, 128) 90190 (pg/dl)

Chromium 24, 25 (22, 32) 25,26 (19,29) | 2,2(1,2) 2.2(2.3) 2.2(2.3) 0-2.1 (ugh)

yATTS I7 3722 46) AU IV (23,47 66,53 (32, 79) L" 68,61 (49,79 76,68 (50, 101) 60120 (ug/dl)
2 2.3

Manganese 9.0, 4.6 (0.3, 85) 382 5.1 (0.2, 20.2) 9.4 (2. 60 H 8302 .7 H" 8.3 H 0-2 (ugh)
Folate 20, 16 (14, 22) 16,16 (13, 18)  |[ 16, 12 (7, 23) 10, 9 (6, 14) 8, 7(64,7.9) 5440 (ng/)
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Insulin and Muscle Protein Balance

Insulin- Anabolic hormone for Muscle Metabolism:
Catabolic State:

Insulin effect on MPS (AA Uptake)
Insulin effect on MPB (Ubiqutin-Proteasome)

Ikizler,TA. J Renal Nutr 2007;17:13-16

Imbalance of MPB with MPS result in PEW

Reid M, Li YP. Resp Res 2001,2:269-272

t of Insulin Therapy in the Critically Ill: insulin d
glycemic control

. . . Risk of Death- BG <1
safe to maintain normoglycemia?

P =0.0009

A
s
_.,f—'—"
% P =0.026
o 50 100 150 200 250

Days after inclusion

ulin infusion or conventional

Cumuiative Hazard (%) (in hespital death)

20



Nutrition in Children with AKI

Nutritional parameter

Nutrition modality

Energy

Protein

Lipids

Vitamins

Trace elements

Monitoring

Conditional Nutrients??

-Early enteral feeding is beneficial. Some patients may require parenteral
nutrition supplement

35 to 60 kcal/kg/day (0.15-0.27 MJ/kg/day)
25-35%  Carbohydrate: 35-45% Lipid (Insulin as needed for Hyperglycemia)
25-40% Protein

2 - 3 g/kg/day with AKI
(Increase intake if on High flow CRRT (by 20%)

No recommendation on the type of formulation that should be provided

Daily recommended intake (Z* replacement )
Monitor serum folate, water soluble vitamin levels

Daily Recommended Intake
MEE, Nitrogen Balance, Glucose, lytes, TG, Vitamins, Trace elements

Glutamine, free Cholesterol

Questions?

21



