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The ascendency of AKI
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Think Kidneys award winning awareness raising campaign

Acute Kidney Injury

The NHS campaign to improve
the care of people at risk of, or

with, acute kidney injury.

Chronic Kidney Disease

The NHS programme to
transform participation for
people with CKD to improve
experiences and outcomes.

Kidney Quality
Improvement Partnership
Working to develop, support

and share improvement in
kidney services to improve
people’s health and add value.

Think Kidneys national programmes are led by the renal community

and supported by NHS England and the UK Renal Registry
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Recognition of AKI

inability to maintain renal homeostasis:

¢ fluid balance
e Na+/K+
¢ acid-base

e excretory function

a child with a high creatinine - is it acute or chronic?

e oliguria/anuria favours AKI

(in critical illness usually acute or acute on chronic)
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Recognise AKI has a spectrum of severity...

Stage

Risk or stage 1

Injury or stage 2

Failure
or

stage 3

RIFLE/pRIFLE criteria

eGFR decrease by > 25%

or 50 - 99% Cr rise from
baseline within 7 days#

(1.50-1.99 X baseline)

eGFR decrease by > 50%
or 100 - 199% Cr rise
from baseline within 7
days8

(2.00-2.99 X baseline)
eGFR decrease by > 75%
or = 200% Cr rise from
baseline

within 7 dayss

(= 3.00 x baseline)

or Crrise to>354
umol/L" with acute rise
of > 44 umol/L

or (pRIFLE only) eGFR
<35 ml/min/1.73m?2

AKIN criteria
Rise of > 26 umol/Le
within 48h

or 50 - 99% Cr rise from
baseline within 7 daysé
(1.50-1.99 x baseline)

100 - 199% Cr rise from
baseline within 7 dayss
(2.00-2.99 x baseline)

> 200% Cr rise from
baseline

within 7 days8

(= 3.00 x baseline)

or Crrise to > 354
umol/L" with acute rise
of >44 umol/L

or any requirement for
renal replacement
therapy

KDIGO criteria
Rise of > 26 umol/L®
within 48h

or 50 - 99% Cr rise from
baseline within 7 days8
(1.50-1.99 x baseline)

100 - 199% Cr rise from
baseline within 7 days8
(2.00-2.99 X baseline)

> 200% Cr rise from
baseline

within 7 days8

(= 3.00 x baseline)

or Crrise to 2354
umol/Lh

with acute rise of:

> 26 umol/L within 48 h
or

> 50% rise within 7 days
or any requirement for

renal replacement
therapy

Urine output?

< 0.5 ml/kg/h for

more than 6h (8h for
PRIFLE)f

< 0.5 ml/kg/h for

more than 12h (16h for
PRIFLE)f

< 0.3 ml/kg/h for 24h
or anuria for 12h
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diagnosis of AKl is based on acute rise in serum

creatinine and/or fall in urine output

e may take 24-36 h to rise after a definite renal insult,
influenced by rate of creatinine generation

e creatinine affected by sepsis, liver disease, muscle
wasting, drugs, diet

creatinine

e may be an earlier marker but can be more difficult to
monitor in children

urine output
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AKIl or ACKD?
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Incidence

(very little epidemiological data in
children)



AKI in Hospitalized Children: Epidemiology and Clinical
Associations in a National Cohort

Scott M. Sutherland,® Jun Ji,* Famoash H. Sheikhi,* Eric Widen,” Lu Tian,® Steven R. Alexander. * and Xuefeng B. f_fng"
CJASN 2013; 8: 1661-1669

3,391,934 Hospitalizations in the KID

747,671 Excluded
- 485,812 > |8 years of age
- 255,003 Uncomplicated Births
- 3,705 with Renal Transplant
- 3,151 with ESRD

2,644,263 Hospitalizations at risk for AKI |

10,322 Hospitalizations
with AKI

1815 < | month 7848 > | month
of age with AK1 of age with AKI

Conclusions AKI occurs in 3.9/1000 at-risk US pediatric hospitalizations.
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Recognition of AKI in children (6 centre

audit on behalf of the British Association for Paediatric
Nephrology)
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<1 1- <6 6- <11 11- <16 16-17

N=1112

* 60% of all patients with AKI were <6 years old
* In those aged <6years, worst stage in 2/3" was of AKI 1
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The incidence of pediatric acute kidney injury is
increased when identified by a change in

a creatinine-based electronic alert

30 months surveillance across Wales
1.37 cases per 1000 person-years under 18
[Adults: 5.77 cases per 1000 person-years]

2390 AKI e-alerts

303 excluded

-166 ABS1

- 68 suspected AKI

- 51 dialysis patients

- 12 DELTA1 with SCr >3.4 mg/dl
- 4 renal setting

-1SCrn/a

- 1 not from Wales

2087 AKI e-alerts validated as actual AKI

1343 incidentepisodes of AKI

468
neonates

875
non-neonates

J Holmes et al, Welsh Renal Clinical Network
Kidney International 2017; 92 : 432—-439
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Causes and pathophysiology



Acute Kidney Injury

Pre-renal - normal tubular and glomerular function; GFR is
depressed by compromised renal perfusion (potentially
reversible/transient).

Intrinsic - diseases of the glomerulus or tubule; secondary to
tubular ischaemia or toxic agents/drugs (may be treatable)

Post(obstructive) - increase in tubular pressure decreases
filtration driving force (potentially reversible/transient).

Acute on chronic — acute decline in function superimposed on
pre-existing CKD, may or may not be reversible
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Cause of AKI

Aetiology of AKI 3 in children by age - Leeds

100% -
oo, |
80% -

70%
60% B post-renal

50% M renal
40% - [] pre-renal

30% -
20%
10% -
0%

Moghal et al. Clin Nephrol 1998; 49:91
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Pediatr Nephrol (2010) 25:1453-1461
DOI 10.1007/s00467-010-1541-y

ORIGINAL ARTICLE

Etiology and outcome of acute Kidney injury in children

Ali Duzova - Aysin Bakkaloglu -+ Mukaddes Kalyoncu - Hakan Poyrazoglu -
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Pathophysiology

kidneys account for 0.5% body weight
‘renal blood flow 20-25% of cardiac output
*high oxygen consumption but high blood flow

PO, . =95
pOZvein =70



Why do the kidneys readily incur ischaemic
damage in the face of an excellent blood

supply?



Renal haemodynamics

the renal response to hypotension - shunting mediated
by vasoconstriction through the action of

e sympathetic nerve stimulation

* renin-angiotensin system

* endothelin

e adenosine, thromboxane A2
to support systemic BP

—p Systemic BP may not be a good guide to the
adequacy of renal perfusion
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Oxygen dehvery

E\f‘ \‘-\ ﬁol\ X

eplasma skimming ensures
low haematocrit (10%)

*O, undergoes countercurrent
exchange

econsequence is low O,
delivery to medulla

Cortical ‘
nephron @

Juxtamedullary
nephron

N SN/

Medulla N
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Po, (mm Hg)

Oxygen delivery - pO, from cortex to
medulla
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Renal blood flow (litre min™")

Renal autoregulation
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Genesis of AKI

Renal ischemia

v

Vascular effects
Increased cﬁK/ m&v mediators
in afferent arterioles (TNF-a, IL-18)
of the glomerulus *
tEndothelial
injury Endothelial
ICAM-1 and P-selectin
Increased sensitivity to *
vasoconstrictor and 4 tNeutrophil adhesion
renal nerve stimulation; [NOderived {ET [PGs
impaired autoregulation from eNOS ¢
t Oxygen radicals
v -
| GFR

Schrier et al. J. Clin. Invest. 114:5-14 (2004)
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Pre-renal AKI| + transient renal

insult
arteriolar sepsis, NSAID,
vasoconstriction ischaemic
1/ insult
ﬁ nephrotoxins
inotropes
|GFR persistent

vasoconstriction
/ tubulo-glomerular feedback

RECOVERY \ TN
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Still under-recognised.....

Clinical Nephrology, Vol. 49 No. 5 — 1998 (293-295)

Care in the use of ibuprofen as an antipyretic
in children

N. E. MOGHAL, S. A. HurLtoN and D. V. MILFORD
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Nonsteroidal Anti-Inflammatory Drugs Are an Important
Cause of Acute Kidney Injury in Children

1015 children with AKI

607 Excluded due to comorbid
clinical conditions and
multifactorial cause of AKT

233 Excluded due to aliemate
diagnosis explaining AKI'

127 with ATN or AIN
due to isolated hypoxic,
ischemic, or non-NSAID

nephrotoxic insuli

21 with ATM or AIN; no
known hypoxic, ischemic,

27 with NSAID-
associated AKI

or nephrotoxic insult

- 27/175 = 15%

fi with AIM by clinical
course and biopsy resulis

21 with ATN by clinical
course andfor biopsy resulis

Figure. Classification of patients with AKl. *Malignancy, complex congenital heart disease, sickle cell disease, etc.
"Obstruction, hemolytic uremic syndrome, pyelonephritis, sepsis, transplant rejection, or glomerulonephritis.

JM Misurac et al. ) Pediatrics 2013;162:1153-9
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Case 15 yr old male

Attends ED 3 day h/o abdominal pain & loose
stools

PEWS =4 (no BP measured initially)

— Weight 47 Kg (51.1 kg 4 weeks before)
at triage given

— paracetamol 700 mg

— ibuprofen 400mg

Urine

— bld/prot +



Progress .......

e Examination:

— poor volume peripheral pulses, cool peripheries,
sunken eyes, RIF pain

— BP 100/60

® Impression:
— unwell, dehydrated ?appendicitis +/- perforation

e Plan:
— IV access and bloods,
— 1000ml fluid bolus, reviewed by ED consultant
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AKI| progression over 2 weeks following admission
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Esterified arachidonic acid

Phospholipase A2
activity increased by All,
ADH, catecholamines

Re-esterification
ATP and O, dependant

Free arachldonlc acid

cyclo- oxygenV mono-oxygenase

PGE,, PGl,

NSAI D \ /derrivatives

| Collecting duct
sodium transport

trienoic acid

vasodilatation

Na/K ATPase

10, consumption]«—— inhibitor in TAL
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I§ 9ow clmlo\ uﬁwell7

A child with diarrhoea and vomiting often
can't take enough fluid to maintain hydration.
This puts their kidneys at risk.

Speak to your doctor or pharmacist before
giving them ibuprofen.

Keep their kidneys safe

STHINK =

SOCETY

KIONEYS? —
woneys* NEH 4B

Visit www.thinkkidneys.nh: S SR

Or talk to your GPor pharmacis TS Engnd o porrm kU el gy
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Drugs and the kidneys

hinmtolalvinakold Aonalanril ctnnnad

Drugs to reduce dose,

SIgE A=t Drugs to avoid monitor levels or withhold

< ACEI/ARB >
< NSAID/COX Il inhibitor >

Contrast media

Opioid Analgesia

Hypoglycaemic agents

Anti-infectives

Diuretics (depending on volume state)
Anticoagulants
Anti-epileptics

From Think Kidneys Paediatric Guidance. i mibaiieg
Chemotherapy

Hong Thoong, Julie Baker, Rukshana Shroff Immunosuppressants
Lipid-lowering agents
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Management
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CTHINK
KIONEYS?

Guidance for clinicians
managing children at risk of,
or with, acute kidney injury

Publication date May 2016

https://www.thinkkidneys.nhs.uk/aki/wp-
content/uploads/sites/2/2016/05/Guidance_for_paediatric_patients_FINAL.pdf
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British Association for Paediatric Nephrology
management recommendations

Management of confirmed AKI: 4Ms

1. Recognise and treat the underlying cause
2. Evaluate and review according to the following cycle:

Management

Urgent consultant review
Initial investigations: FBC, creatinine, electrolytes, bone profile,
bicarbonate, urine microscopy,
urinary tract ultrasound scan (within 24 hours)

Monitor e e s . ..
Minimise kidney injury
EWS, fluid balance, daily weight, urinalysis,

- Review, monitor and adjust medication
serum creatinine and electrolytes

especially aminoglycosides, calcineurin inhibitors,
ACEi, ARB, NSAIDS, diuretics

Maintain circulation

Treat hypoperfusion adequately

The 4 ‘Ms’ was adopted from the London AKI Network
UK/UNB-aHUS/17/0046 November 2017



Initial management

clinical examination especially BP/perfusion and
volume status

bloods

— full blood count
— creatinine, electrolytes, bone profile, bicarbonate

urinalysis, urine microscopy
renal ultrasound scan (NICE - within 24 hours)

other investigations

— LFT’s, clotting, C3/C4, ASOT, immunoglobulins, ANA, ANCA,
anti-GBM antibodies, CK, LDH, blood film
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Recognition — role of imaging

e NICE recommends USS <24 hours

— obstruction (rare in children)

— CKD: small, loss of CMD, scarred kidneys, cysts
— AKI: big, bright kidneys




What can be done for the child with AKI...

actively manage

e volume status

e hyperkalaemia
e acidosis

e hyponatraemia

optimise bladder drainage (monitor UO/relieve obstruction)

drug therapy

e nephrotoxic drugs/dose correction for GFR
e treat sepsis
e steroids for immunological conditions
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Don’t make it worse.....

@PLOS|0NE PLOS ONE | DOI:10.1371/journal.pone.0172137  February 14,2017

RESEARCH ARTICLE

Association of Fluid Accumulation with
Clinical Outcomes in Critically Ill Children
with Severe Sepsis

Jiao Chen'"?, Xiaozhong Li?, Zhenjiang Bai', Fang Fang®, Jun Hua', Ying Li', Jian Pan?,

Jian Wang?, Xing Feng®, Yanhong Li

Mortality Rate (%)

2,35

100.0 -
90.0
86.8
80.0 +
P <0.001
m 73.2
70.0 A
60.0 59.6 e
50.0 o 48.7 P =0.151
40.0 A P =0.047 M 38.9
30.0 1333 ) 30.6
25.4 24.7 ot
20.0 - 19.3 203
+ - + 17.8 17.9 18.2 16.4
10.0 - ’ 10.9 9.6 10.0
0.0
<5% 25% <5% 25% <5% 5% —10% 210%
m=161) (n=41) m=118) (m=36) m=77) (@=59) (@=18)
Early fluid accumulation PICU-acquired fluid accumulation Fluctuation in fluid accumulation

Comparison of mortality rates between severe septic patients with and without fiiidl®vevRsEd046 November 2017



Diuretic Effects in AKI

« diuretics are not recommended for AKI by NICE (CG169)

ediuretics commonly used to enhance urine output, and
convert ‘oliguric’ to ‘non-oliguric AKI’

eno evidence diuretics shorten the duration of AKI,
reduce the need for dialysis or improve outcomes in AKI

e|oop diuretics might even be deleterious for the kidney
because they disturb the protective corticomedullary
redistribution of blood flow
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Indications for RRT

fluid overload with oligo/anuria
severe or persistent hyperkalaemia
severe and uncorrectable acidosis
control of urea, creatinine = ‘uraemia’
removal of toxins

— metabolic eg ammonia

— drugs, myoglobin, cytokines
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Choice of RRT

e Renal unit
= peritoneal dialysis
= haemodialysis
e PICU
" peritoneal dialysis
* various forms of CRRT
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Effect of Early vs Delayed Initiation of Renal Replacement
Therapy on Mortality in Critically Ill Patients

With Acute Kidney Injury

The ELAIN Randomized Clinical Trial

Alexander Zarbock, MD; John A. Kellum, MD; Christoph Schmidt, MD; Hugo Van Aken, MD; Carcla Wempe, PhD;
Hermann Pavenstadt, MD; Andreea Boanta, MD; Joachim GerR, PhD; Melanie Meersch, MD

JAMA. 2016;315(20):2190-2199. doi:10.1001/jama.2016.5828

100+

Inverse normal log-rank test, P =.03;
HR=0.66 (95% Cl, 0.45-0.97)

o0
o
i

60 Delayed RRT
e
40 - H—
Early RRT

Overall Mortality Probability, %

Pd
=
L

T T T T T T T 1

0 10 20 30 40 50 60 70 80 a0
Days Since Randomization
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Wierstra et al. Critical Care (2016) 20:122

DO1 10.1186/513054-016-1291-8 Critical Care

RESEARCH Open Access

The impact of “early” versus “late” initiation @
of renal replacement therapy in critical care
patients with acute kidney injury: a

systematic review and evidence synthesis

Benjamin T. Wierstra', Sameer Kadri?, Soha Alomar?, Ximena Burbano?, Glen W. Barrisford”
and Raymond L. C. Kao™’

Conclusions: Our conclusion based on this evidence synthesis is that “early” initiation of RRT in critical illness
complicated by AKI does not improve patient survival or confer reductions in ICU or hospital LOS.
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Prevention/ameliorate



Be aware of high risk groups.....

CKD, heart failure, liver disease
Previous AKI

Oliguria (<0.5 ml/kg/hr)
Neuro/developmental delay
Hypovolaemia, hypotension
Nephrotoxic drugs

Urological obstruction

Sepsis

Deteriorating PEWS

Severe diarrhoea/bloody diarrhoea
Symptoms/signs of nephritis
Haematological malignancy
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Serum creatinine
result exists?

Index creatinine value
Defined as
c1

Previous result
Within 0 — 365 days?

RI =Population
Reference Interval
(Age and sex
related if available)

If Result within
8365 days
Then

If Result within
07 days
Then

Find lowest
value

Find MEDIAN
of results

!

RV = Reference value. Defined as:

Define as P . - - Define as
the creatinine value with which an index RV2
creatinine value is compared

|

Calculate RV ratio

Is higher RV ratio
C1/RVI 2157

Calculate RV ratio
C1/Rv2

Is age < 18 years?

ULRI = upper
limit of
reference
interval

Has change occurred
Within 48hrs?

YES

Serum creatinine
> 354 pmoliL?

Is D > 26 pmol/L?

D = difference between
current and lowest
previous result within
48hrs

Serum creatinine
> x3 ULRI?

YES

Is higher RV ratio
=307

Is higher RV ratio
z20and <307

Is higher RV ratio
>15and <2.0?

....prevention not cure

Fotassium

Potassium 4.9
Urea

Urea * 32.8
Creatinine

Creatinine * 253
AKI Warning Stage 3

Mote significant increase in Urea and Creatinine concentration
Calcium

Calcium * 2,09
Adjusted Calcium 2.33
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AKl and beyond....

A

Development Extension Resolution
Phase

Phase Phase

|
MALADAPTIVE REPAIR HI PROGRESSION H
I |

Marker Level

I
I
S

SEQUALAE

Functional Markers
(e.g. Creatinine, urine output)

ADAPTIVE REPAIR

Damage Markers |

>
Hayes W. Pediatr Nephrol 2017; 32:2235-2243 Duration
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Acute Kidney Injury and Chronic Kidney Disease as
an Interconnected Syndrome

Acute
Kidney
. Injury Outcomes
Risk Factors Disease Modifiers Cardiovascular
Age . ; o events
, Severity of acute kidney injury ,
Race or ethnic group e ; Kidney events
, Stage of chronic kidney disease
Genetic factors : ESRD
, No. of episodes L
Hypertension Duration of acute kidney injur Disability
Diabetes mellitus S IR Diminished
Metabolic syndrome quality of life
Death
Chronic =
Kidney
Disease

Chawla LS et al. N Engl J Med 2014;371:58-66
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Influencing outcome?

GFR A

nephrotoxins

supportive care
AKI alerts PP

ies??
First hit Second hit therapies?

Early
detection
and
intervention

(Near) complete recovery
Incomplete recovery

———Progressive CKD and ESKD

"""""""""""" k":\'\""""“""";_'_'_'_'_'T_'_'_"_'_'_'f_'_'_'_'_'_'_'_'_'_'_'_'f_'_'_'_': Need for RRT

Time

Lancet Vol 389 May 27, 2017
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Therapies in AKI

eTubular obstruction

erasburicase (synthetic urate oxidase)
esynthetic RDG peptides (anti-integrin therapy)
| eTubular cell regeneration/protection @ |
°|GF-1

eapoptosis reduction

estem cell transfusion

*Blood flow

evasodilating prostaglandins (PGE2, PGl)
esynthetic ANP (anaritide)

eanti-endothelin

*ROS/peroxynitrile scavengers

*iNOS inhibitor

etheophylline (may block adenosine receptor)
efenoldopam (DA-1 receptor agonist)
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Atypical HUS a treatable AKI?

Archives of Disease in Childhood 1990, 65: 716-721

716

ORIGINAL ARTICLES

—8: association with Verocytotoxin producing
Part 1: clinical and epidemiological

Haemolytic uraemic syndromes in the British Isles

Escherichia coli.

1985
aspects

D V Milford, C M Taylor, B Guttridge, S M Hall, B Rowe, H Kleanthous

E1 0+

mo-

AN
AN,

AMJJASOND|IJFMAMJ JASONDJFMAMJIJ ASONDI|JFM

25

20

T 1 I
T} = Ty o
- L i

Bunuasaud op
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Figure 1 Distribution of cases of haemolytic uraemic syndrome by month showing

seasonality confined to D+ patients.
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Primary TMA: hereditary ' Primary TMA: acquired

Other
infections

Secondary TMA Infection associated TMA

Brocklebank et al CJASN 2018
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Unfettered complement activation

thrombus formation, platelet consumption, vascular occlusion and
mechanical hemolysis

Alternative Classical Lectin
pathway pathway (| pathway

Complement
C3H,0Bb activation
Opsonization Immune cell

\ { ‘ activation

he) Anaphylatoxis @3>
= (C3a, C5a)

Complement ' D

regulation

o2 '?/v/o:a 2

e L
Hemolysis

Terminal
pathway | °

CD46 ¥

Endothelial cell
damage and swelling

Brocklebank et al CJASN 2018
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In aHUS, Constant Uncontrolled Complement Activity

Leads to Progressive and Life-threatening Complications’

Lectin Pathway

Microbial Opsonisation

Gain of Function
e Mutations:
L C3, CFB

Proximal

Soliris
Monoclonal
Antibody

Immune Complex Clearance

Classical Pathway

Alternative Pathway

Natu bitors:
CFH CP

C3-Convertase

C5-Convertase

Anaphylaxis
Inflammation
Thrombosis

Consequences

Cbha
Potent anaphylatoxin
Chemotaxis
Proinflammatory
Leukocyte activation
Endothelial activation
Prothrombotic

C5

C5b-9
(Membrane Attack Complex)

Cell lysis
Proinflammatory
Platelet activation
Leukocyte activation
Endothelial activation
Prothrombotic

A\
° Thro odulin
L )

Haemolysis
Inflammation
Thrombosis
Tissue Damage

Consequences

References: 1. Soliris® SmPC: Soliris® (eculizumab) summary of product characteristics. Alexion Pharmaceuticals, Inc.; 2014. 2. Laurence J. Clin Adv Hematol Oncol. 2012;10(suppl 17):1-12. 3.

Legendre CM, et al. N EnglJ Med. 2013;368:2169-2181. 4. Sellier-Leclerc A-L, et al; French Society of Pediatric Nephrology. J Am Soc Nephrol. 2007;18:2392-2400. 5. Noris M, et al. Nat Rev Nephrol. 56
2012;8:622-633. 6. Kelly R, et al. Ther Clin Risk Manag. 2009;5:911-921. 7. Rother RP, et al. Nat Biotechnol. 2007;25:1256-1264. [Published correction appears in Nat Biotechnol. 2007;25:1488].

Please See Summary of Product Characteristics for Soliris, including Special Warnings and Precautions for use. Alexion 2014. u
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....prevention not cure.... biomarkers

Markers of
glomerular function
creatinine
cystatin C
hepcidin Response Time Kidney Markers
Markers of tubular
function / damage )
Kidney
AAP Injury Kidney Biomarker
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Summary

no proven therapy for established AKI

early detection and appropriate management is still
the mainstay — promote this to colleagues!

promote use of the ‘Think Kidneys’ website
biomarkers — no clarity with regard to clinical utility
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STHINK
KIDNEYS?

The NHS campaign to improve the care of people at risk

or with, acute kidney injury

In the UK up to
deaths each
year in hospital are
associated with

acute kidney injury.
Up to could be

It is estimated that one
in five people admitted

prevented with the
right care and
treatment

NCEPOD. Adding insult
to injury, 2009

to hospital each year as
an emergency has acute
kidney injury

Wwang, et al. 2012

Why we need to Think Kidneys
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Care Homes e

Clinical Biochemists
Commissioners
Community Services
Junior Doctors
Mental Health

Nurses

Paediatrics

Pharmacists

About 65% of acute
kidney injury starts in the
community

Just one in two people
know their kidneys
make urine

Ipsos MORI survey, Selby, et al. 2012

July 2014
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