AKI: more than NICE
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AKIl is recognised by...

e inability to maintain homeostasis or aspects of renal
function:

fluid balance
Na+/K+
acid-base

e How does it manifest - Acute v Chronic

e |n critical iliness usually acute or acute on chronic



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 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



Consequences of AKI

ncreased morbidity
ncreased mortality
ncreased cost of health care

ncreased patient/family stress
Risk of CKD




NCEPOD report published in 2009
(excluding children)

Poor assessment of risk for AKI

In acute iliness ,
Adding Insult to Injury

A review of the care of patients who died in

Delays in recognising AKI B A e s

Most patients with AKI are not
cared for by nephrologists

Post admission AKI avoidable in
21%

NCEPOD

‘Good’ care in <50% cases



Mational Clinical Guideline Centre

>2 Recommendations
cute kidney injury

e 11 adult specific
Acute kidney injury e 6 paediatric specific
Prevention, detection and management up to the point ° 35 ad u |t/paed iatriC

of renal replacement therapy

Clinical guideline <CG 169>
Methods, evidence and recommendations

August 2013

Final draft

Commissioned by the National Institute for
Health and Care Excellence



AKI not ARF: 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 daysé
(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 days8

(= 3.00 % baseline)

or Crrise to 2354
umol/L" with acute rise
of >44 umol/L

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

AKIN 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 > 354
umol/L" with acute rise
of >44 umol/L

or any requirement for
renal replacement
therapy

KDIGO 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 daysé
(2.00-2.99 X baseline)

> 200% Cr rise from
baseline

within 7 daysé

(= 3.00 x baseline)

or Crrise to > 354
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



Control of Filtration Rate

e Reduced GFR
e afferent arteriolar constriction
oAll
eSympathetic nerve
eEndothelin

® |ncrease GFR

e vasodilating prostaglandins
e Autoregulation

Copyright © The McGraw-Hill C ies, Inc. Permission required for on or display.
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Amounts of Glomerular Filtrate and Urine

average amounts over a 24 hour period

Copyright © The McGras-Hill Companies, inc, P quired for reproduction or displiy

180 Liters

180+
170 -
160 -
150 -
140
130 -

125 mls / min / 1.73 m?
180 litres / day

120
10

= normal GFR

Glomerular filtrate
(a) (b)



Summary of nephron function

Bowman's

Capsule p 100% filtrate produced

Proximal | B80% filtrate reabsorbed

Tubuwul . .

uhnte | Active and passive
| absor ption

Loop of 6% filtrate reabsorbed

Hanle H20 and salt conservation

Distal | 8% Filtrate reabsorbed

Tubule | | Variable reabsorption,

| | active secretion

..................... P

Collecting [ 4% Filtrate reabsorbed

Tubule { \ Variable salt and

| | H20 reabsorption

Urine val. = 1% total filtrate volume

requires a healthy
tubule!




Pathophysiology

ekidneys account for 0.5% body weight
erenal blood flow 20-25% of cardiac output
ehigh oxygen consumption but high blood flow

PO, . =95
pO =70

2art

2vein

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



Cortical 'Cortex |
nephron ‘

Oxygen delivery

Juxtamedullary
nephron
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eplasma skimming ensures
low haematocrit (10%) in
vasa recta

*O, undergoes countercurrent
exchange

econsequence is low O, f\
delivery to medulla




Oxygen delivery - pO, from cortex to
medulla

| l
Cortex Outer medulla Inner medulla
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severe hypovolaemia/

toxic insult
~, Acute renal success..

ATN

tubulo-glomerular feedback

~

arteriolar
vasoconstriction

P _

EEE oo to6weeks




severe hypovolaemia/

toxic insult
~, Acute renal success..

ATN

tubulo-glomerular feedback

~

arteriolar
vasoconstriction

| GFR

EEE oo to6weeks




Pre-renal AK| transient renal
insult
(vasomotor nephropathy) / insu
arteriolar

vasoconstriction

e

| GFR

~

RECOVERY in days




Pre-renal AKI

(vasomotor nephropathy) +

| GFR

transient
renal

/ insult

arteriolar

Sepsis, NSAID

.. ischaemic insult
vasoconstriction >chae C. >
) nephrotoxins

’//////// t
/ tubulo-glomerular

feedback

\ ATN

inotropes

persistent
vasoconstriction



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
— brown/red in colour, SG 1.03, bld/prot +



Progress .......

e Examination:

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

— BP 100/60 PEWS =5 orange

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

e Plan:
— IV access and bloods,
— 1000ml fluid bolus, reviewed by ED consultant



AKI| progression over 2 weeks following admission

400
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350 / ™~ .
v \ Creatinine 45 pmol/|

300 eGFR 103 ml/min/1.73m?
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Esterified arachidonic acid

Phospholipase A2 Re-esterification

activity increased by All,
ADH, catecholamines

Free arachldonlc acid

ATP and O, dependant

cyclo- oxygenV mono-oxygenase

trienoic acid

PGE,, PGl,

NSAID \ /

vasodilatation

| Collecting duct

: —| | O, consumption
sodium transport 'O, P

‘_

derrivatives

Na/K ATPase
inhibitor in TAL

ISCHAEMIA =——




Is it AKI or CKD?

« Best discriminant renal USS
— CKD: small kidneys, scarred kidneys, cysts, calculi
— AKI: big, bright kidneys
— Dilated urinary tract: CKD or AKI
* Blood results
— anaemia:. CKD, unless HUS
— high phosphate: CKD
— high PTH: CKD



All causes of AKI 3 (%)
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Moghal et al. Clin Nephrol 1998; 49:91




Effect of age on incidence of AKI 3
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Aetiology of AKI 3 in children by age

100%
90%
80%
70% -
60% -
S0%
40%
30% -
20% A
10% -

Treatment sometimes possible

Bl post-renal
M renal

[] pre-renal

0% "

Moghal et al. Clin Nephrol 1998; 49:91

prevention/amelioration
possible with early intervention




NICE guidance
1. Assessing risk of AKI

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

Measure PCr and compare
with baseline in acutely ill
children



2. Detecting AKI

e Measure serum creatinine regularly in those with or
at risk of AKI

3. Identify cause

e |dentify cause of AKI and record in notes

e |f no cause/risk of obstruction, undertake renal USS
in less than 24 hours



4. Managing AKI

discuss with a paediatric nephrologist when:

e Possible diagnosis requiring specialist
investigation/management eg vasculitis

e AKI with no clear cause

e When there is inadequate response to treatment

e Complications associated with AKI

e Stage 3 AKI (AKIN, pRIFLE,KDIGO)

e |n a patient with a renal transplant

e |n a patient with CKD 4 or 5



What also worries me.... (see NICE
recommendation 45)

e Any stage of AKI +
— hypertension
— nephritic/nephrotic
— other system involvement (esp lungs, skin, brain)



Prevention/amelioration of AKI

e Careful physiological monitoring of at risk
patients

— use PEWS to identify deterioration early

— measure and record urine output

e Maintain/normalize

— blood pressure, Sa0, glucose, lactate
e Accurate fluid balance, attention to nutrition
e Treat sepsis promptly and effectively
e Avoid NSAID, ACEi, ARB

e Avoid/minimise nephrotoxic drugs, inotropes



It’s not possible when.....




NHS England Patient Safety Steering
Groug

AKI National Programme Board

: Algorithm Sub-
Advisory Group
Group

Software
Implementatio
n Sub-Group

Intervention Implementation Measurement

Best Practice in
E-alert Group

Expert
Reference
Group

Hydration Sub-Group




Detection

workstream

England

R Stage Three: Directive
Patient |, 2

Standardising the early

Safety | indentification of
Alert | Acute Kidney Injury

9 June 2014

Alert reference number: NHAPSATR014010

Alert stage: Thres - Directive

Mational patient safety data tells 1= that patients are dying and suffering severe harm due
to a delay in detecting Acute Eidney injury (6. K] often oocurs without causing any
symptoms or signs and its presence frequently goes unrecognised by patients and dociors
alike.

“A patient with a compler physical and menia! bealth background became unwel!
ower 3 weskend Desprie persistent bypodension there was no recond of T
baiance. Sloods were delayed undd fate Sunday mighd, indicaiing acute kidmoy
injur Acwte kideey injiury ned recognised or commented an wehl mid way through
the folowing day: Medications given fo the padient over the weskend induded
drngs condraindicaded in renal fadure. The patient was admitted to ICU and an
admizmion was uncorsciouskhocked. There were multiple estemaric falues in the
management of this patient incduding a [fe freatening dely in omtica’ care of =12
kours and sprtems failure in the necognition of deferioading padients ©

Aoute Kidney Injury (4K 5 a sudden reduction in Bdney function. Comple lang tem
medical conditions, medication and imtercurent illness are often complicated by AKL

It is estimated that 1 in S emergency admissiors into hogpital ane associated with 4K,
profonging inpatient care and contributing to 100,000 deaths in secondary care. National
Confidential Enquiry imba Patient Outcome and Death (NCEPDD) estimated that ane
guarber to one third of cases have the potertial 1o be preveried.

& mational algorrthm, standardising the definition of AKI has now been agreed. This
provides the abiity to ensure that a timely and consistent approach to the detection and
diagrosis of patients with A i taken across the NHS.

This algarithm has been endorsed by NHS England and it is recommended that

the alganthm is implemented aoes the MHS.  When integraded inta a Laboratony
Infarmatian Management System (LIME) the algonthm will iderttfy potential cases of AKI
from laboratony data in real time: and produce a test resubt. The laboratory systemn will
then send the test result, using existing IT connections to patient management systemns.

MH3 England in partnership with the LK. Reral Registry has launched a National Ak
Prevention Programme which will indude the development of tocks and interventions. &
priarty for the Programme is the development and adoption of e-alert systems, based an
the test result, which wil proactively notify dinidans when a patient has AK), supporting
implementation of AKI MICE guidsnce (CG1E3)

aithough primary care is an important focus for detection and prevention of AK, it

is amticdpated that AKI results will be sert to primary care in a second phase of the
programime. Meamwhile Trusts are expected to discuss with primany cane represemtaties
the management of AK) test results, particularty at imes when deputizing sersices ane
prowiding medical cover.

Further support will be provided by the National Programme 2s exemnplar e-alerting
system are developed: wass.england nhs.ukfa K Frogramme

The 4Kl detection algorithm can be found at the following lnk:
wwwengland. nhs.uko'aki-algonthm

Actions

Who: MNH5 acute trusts
and foundation
trusts providing
pathology services

When: By 9 March 2015

& Bring this alen 1o the

Director of PathalogpiT with
resparaibility Tor the upgrading
o LIME gysterrs

é Wark with |ocal LIBAS suppler

10 integrate &K1 algarithm into
LIMS System

é Work with local LIMG supples

10 erriuing Thee el redult goss
10 kacal Patient management
gystems and inlo & data
Mesiage sent 10 & central
paint for national morfonng
pUDOies

& Communicate with appropriate

primary care providers o
ensune they teek advice il et
results are receved

& Reguiary access NH3 England

AK] webdite whene saditicnal
resounces and informmaton will
e provided as develnped

Supporting information

For further nformation Lo suppon
the implementation of this alen
g0 1o wiwasengland. nbs ukaks-
algorithm

Patient Safety | Domain 5
www england nhs ukipatientsafety

Publication: Galisvsy Ralernca: 01700

Contact us: patientsafety snquines@nbes. net
Sign up for regular updates: wessengland nhbe ulopatientafety



Appendit A

Algorithm for generating E-Alerts
for Acute Kidney injury based om

sermm creatinine chamges with

Rl =Population
Referenca Inerval
(Age and sax
related ¥ avalable)

2 - IE

RV = Reference value. Defined as:
e creatinine value with which an Index
creatininge value is compared




Serum creatinine
7
Is age < 18 years? 5 53 ULR

YES

ULRI = upper
limit of
reference
interval

Has change occurmed
Within 48hrs?

Serum creatinine YES
# 354 mmolL?

Is D > 28 umadL?

Is higher RV ratio
2307

D = difference between YES

current and lowest Is higher RV ratio
previous result within =20and <307
48hrs

I5 higher RV ratio
2 1.5and <2.07

Paediatric
guidelines to be developed




Emerging strategies in AKI

e clinical scoring to identify patients at risk, compare
therapies

— RIFLE/pRIFLE/AKIN/KDIGO

e biomarkers
— NGAL, IL-18, KIM-1
— will differ in
= disease specificity (eg sepsis)
= time course (early v. late)
= prognostic value (acute or long term)



Response Time Kidney Markers
Nephron
Distal Tubule
n-GST \
NGAL Kidney
Glomerulus Injury Kidney Biomarker

Collagen IV

Proximal Tubule Creatinine

a-GST Collecting duct
KIM-1 marker in developme,
L-FABP

Kidney filtration

Time
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Conclusions — AKI

AKl is often part of MODS

AKI may be prevented/ameliorated if recognised
early and appropriate steps taken

Early AKI can be successfully managed conservatively
if recognised early

‘uraemia’ or plasma creatinine alone is seldom an
indication for RRT — fluid balance, acidosis or
electrolyte imbalance more important



Questions/comments



Urine output in AKI

e Urine output is more sensitive to changes in renal
function than biochemical markers.

e |tis not specific except when severely decreased or
absent. Severe AKI can exist despite normal urine output
(high output AKI)

e Changes in urine output often occur before biochemical
changes are apparent.



Diuretic Effects in ARF

« Diuretics have been commonly used to enhance urine
output, and convert oliguric to non-oliguric ARF

eDespite the frequent use of diuretics there is no
evidence that this intervention shortens the duration of
ARF, reduces the need for dialysis or improves outcomes
in patients with ARF.

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



Indications for RRT

fluid overload with oliguria
electrolyte imbalance (K*)

acidosis

control of urea, creatinine = ‘uraemia’
removal of ‘toxins’

— metabolic eg ammonia

— drugs, myoglobin, cytokines



Emerging strategies in AKI

eTubular obstruction

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

ecrythropoeitin

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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