THE RENAL
ASSOCIATION
founded 1950

THE RENAL
ASSOCIATION
founded 1950

Clinical Practice Guideline
Acute Kidney Injury (AKI)

Final Version: August 2019
Review Date: August 2024

Authors:

Dr Suren Kanagasundaram — Chair
Consultant Nephrologist, Newcastle upon Tyne Hospitals NHS Foundation Trust
Honorary Clinical Senior Lecturer, Institute of Cellular Medicine, Newcastle University

Professor Caroline Ashley
Renal Pharmacist, Royal Free Hospital

Dr Sheetal Bhojani
Consultant Paediatrician with Special Interest in Nephrology, University Hospital Wishaw, NHS Lanarkshire

Ms Alma Caldwell
Patient representative

Dr Timothy Ellam
Consultant Nephrologist, Newcastle upon Tyne Hospitals NHS Foundation Trust

Dr Amrit Kaur
Consultant Paediatric Nephrologist, Royal Manchester Children’s Hospital

Dr David Milford
Consultant Paediatric Nephrologist, Birmingham Children’s Hospital

Dr Chris Mulgrew
Consultant Nephrologist, Royal Devon and Exeter NHS Foundation Trust

Dr Marlies Ostermann
Consultant in Critical Care and Nephrology, Guy’s and St. Thomas’ NHS Foundation Trust



THE RENAL
ASSOCIATION
founded 1950

Endorsements

NI C E accredited

www.nice.org.uk/accreditation

The National Institute for Health and Care Excellence (NICE) has accredited the process used by the Renal
Association to produce its Clinical Practice Guidelines. Accreditation is valid for 5 years from January 2017. More
information on accreditation can be viewed at www.nice.org.uk/accreditation

Conflicts of Interest Statement

All authors made declarations of interest in line with the policy in the Renal Association Clinical Practice Guidelines
Development Manual. Further details can be obtained on request from the Renal Association.

Acknowledgements

This document has been externally reviewed by key stake holders according to the process described in the Clinical
Practice Guidelines Development Policy Manual.

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 2


http://www.nice.org.uk/accreditation

THE RENAL
ASSOCIATION
founded 1950

Table of Contents

T 1A oo [ ot i Te] o I TPV PTOTTOPRRTRRTPRPOR 4
Summary of clinicial Practice GUIAEIINES ......ccuvviiiiieece e e e e e e e e e e 6
SUMMArY Of QUAIT MEASUIES .....eeoiiiieie et e et e e e et e e e e et e e e e etaeeeeeataeeeeasaeeeeaaseeaeeaseeaeeannees 14
Rationale for clinical practice SUIAEIINES ........coocuviiiiieeeee e e e e e e aaeee s 20
PN ] 0 =Y o Vo L0t PSPPSR 113
APPENAIX 2 ettt et e e ete s te st e st e et et ettt easete et ehesteaea A teatestek et easeteahe et ehe e neatestesbes et et ersereateeteseeneenseanan 119

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 3



THE RENAL
ASSOCIATION
founded 1950

1. Introduction

These guidelines cover the prevention, detection, management and follow-up of acute kidney injury (AKI) in adults,
children and young people in both primary and secondary care and targets health care staff and organisations
involved in the delivery of this care as well as relevant patient groups. It excludes the neonatal population and
adults at risk of contrast nephropathy, for whom joint guidance already exists [1].

In the context of UK practice, our document joins Clinical Guidelines from the National Institute for Health and Care
Excellence (NICE CG 169) [2] and the extensive resources of the Think Kidneys programme
(https://www.thinkkidneys.nhs.uk/) . The view of the guideline development group was that the present work
should be complementary rather than contradictory, bridging the gap between the predominantly practical
approach of Think Kidneys and the evidence-driven methodology of NICE and seeking to harmonise available
guidance.

The final scope for the present guidelines was confirmed after posting of a preliminary draft on the Renal
Association website between 20" December 2016 and 28" February 2017. Literature search terms were then
defined, as detailed in appendix 1, but, briefly:

The generic, AKI literature was first identified using various Medline search terms to capture varying nomenclature
for the condition before further refinement according to topic. The historical reach of the searches was limited to
2011 based on the assumption that most current evidence would have been available for:

1. The 5" edition of the UK Renal Association Clinical Practice guideline [3], which the present guideline updates
and which was finalised on 8" March 2011

2. The KDIGO Clinical Practice Guideline for Acute Kidney Injury [4], published in 2012, which included a detailed
and comprehensive search strategy [5]

Preliminary searches were run during 2017 but were then updated in April and May 2018, with a final review of
key, emerging evidence undertaken by group review between April and August 2019. The formal literature search
was supplemented by review of the Cochrane Database of Systematic Reviews and of other national / international
clinical guidelines on AKI. Each topic area was reviewed by one or more adult nephrology authors (SK, CM, TE, MO,
CA), all three paediatric authors (DM, AK, SB) and the guideline’s lay co-author (AC).

Guideline recommendations were formulated at a series of guideline development group conference calls through
collective agreement without the need for group voting, the casting vote or final decision of the Chair (SK) or
escalation to the Renal Association Clinical Practice Guideline Committee Chair. The strength of individual
recommendations was defined according to the Modified GRADE system as described in the Renal Association’s
previous guideline development policy manual [6].

Audit measures were chosen either based on their ease of automation (e.g. daily renal function monitoring
following AKI detection) or, where individual case note review was deemed to be unavoidable, by identifying a
single audit population across which several different measures could be assessed. Where possible, the guideline
development group sought to identify individual measures that might represent broader, AKI care processes (e.g.
documentation of differential diagnoses of newly detected AKI episodes).

The first draft of the guideline was posted on the Renal Association website on January 2019. The draft guideline
was also circulated amongst key stakeholder organisations, comprising:

® Kidney Care UK

® The National Kidney Federation

® The Think Kidneys programme

® The Intensive Care Society

® The Association of Clinical Biochemists
® The Society of Acute Medicine

® The British Association of Paediatric Nephrologists
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The British Renal Society

The Royal College of General Practitioners
The Faculty of Intensive Care Medicine

The Royal College of Physicians of London
The Royal College of Physicians of Edinburgh

The Royal College of Physicians and Surgeons of Glasgow

The group would like to express their gratitude to Dr. Nikita Agrawal (Renal StR) and Dr. Rajib Pal (GP, Birmingham)
for their input into the preliminary stages of guideline development.
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2. Summary of clinical practice guidelines

1. Definition, Epidemiology and Outcomes
Guideline 1.1 - Adults and Paediatrics

We recommend that the Kidney Disease: Improving Global Outcomes (KDIGO) system for the diagnosis and staging
of AKI should be adopted; serum creatinine-based criteria should be applied according to the current NHS England
biochemical detection algorithm. (1B)

We suggest that, when the true, reference serum creatinine (SCr) is uncertain, the presence of an active episode of
AKI occurring in secondary care can be inferred from frequent SCr testing (e.g. at 12 and 24 hours after the index
value). (2D)

2. Recognition of the patient at risk of AKI
Guideline 2.1 - Adults and Paediatrics (unless otherwise stated)

We recommend that:

® patients at risk of AKI should be identified by the most appropriate risk factor profile for that population or,
where no specific risk factor profile exists, through clinical judgement and recognition of generic risk factors for
AKI; in this way, appropriate preventative measures may be instituted as early as possible (1C)

® in-patients deemed at high risk of AKI should be closely monitored for AKI, particularly if there has been a new
exposure. Urine output should be monitored and serum creatinine tested daily (for adults) or regularly (for
paediatric patients, reflecting the potential burden of venepuncture) until at least 48 hours after the period of
increased risk has elapsed (1D)

® out-patients deemed at high risk of AKI should be closely monitored for AKI if there has been a new exposure.
This should include regular monitoring of the serum creatinine until at least 48 hours after the period of
increased risk has elapsed. For paediatric patients, monitoring should be undertaken by secondary care but may
be in an out-patient or in-patient setting depending on clinical circumstances (1D).

3. Clinical Assessment
History, Examination
Guideline 3.1 — Adults and Paediatrics (unless otherwise stated)

We recommend that:

® all patients with AKI have an appropriate history and examination performed to help determine the cause of the
episode of AKI. (1D)
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® adults only: all patients with progressive AKI should be re-assessed, particularly if the course is atypical (1D)

® paediatrics only: all patients with progressive AKI should be re-assessed by a consultant, or in conjunction with
one, within 4 hours of the creatinine result, particularly if the course is atypical (1D)

® 3 diagnosis of a rapidly progressive glomerulonephritis should be considered when a patient with no obvious
cause of progressive or non-resolving acute kidney injury has urine dipstick results showing haematuria and
proteinuria, without urinary tract infection or trauma due to catheterisation — adult patients should be referred
to renal services whilst paediatric patients with AKI should already be receiving nephrology input (1D)

® patients at risk of AKI and who have suffered a significant exposure to a renal insult should undergo a relevant
assessment to ensure that exposure is limited and further insults are avoided or minimised (1D)

® urine dipstick testing for blood, protein, leucocytes, nitrites and glucose is performed in all patients as soon as
acute kidney injury is suspected or detected unless this has already been done. The results should be
documented and it should be ensured that appropriate action is taken when results are abnormal. (1D)

® when AKI is diagnosed, its cause or presumed causes should be documented and, wherever possible,
determined. (1D)

Investigations
Guideline 3.2 — Adults and Paediatrics (unless otherwise stated)

We recommend that:

® all patients with AKI should have appropriate baseline investigations performed. These should include urinalysis
and a renal tract ultrasound within 24 hours (unless a clear cause of AKI is apparent or AKI is improving), and
within 6 hours if pyonephrosis is suspected or there is a high index of suspicion for urinary tract obstruction.
(1D)

® adults only: hospital in-patients with newly diagnosed AKI should have their urea and electrolytes monitored at
a minimum frequency of once daily (unless more frequent testing is indicated; e.g. for hyperkalaemia
management) until renal function has returned to baseline or has stabilised, and then regularly, thereafter, in
order that progressive or recurrent AKI may be detected in a timely fashion (1D)

® paediatrics only: when AKI is detected, serum creatinine should be checked, regularly, until completion of the
AKl episode and, depending on remaining risk factors for AKI, thereafter, to allow timely detection of
progressive or recurrent disease — the frequency of monitoring will rely on clinical judgement and the balance
between optimal monitoring and the burden of over-frequent venepuncture. (1D)

® adults only: patients with newly diagnosed AKI who are managed in the community should have their urea and

electrolytes monitored regularly until renal function has returned to baseline or has stabilised in order to detect
progressive or recurrent AKl in a timely fashion (1D)
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4. Management of the patient with AKI and at increased risk of it
Guideline 4.1 — Adults and Paediatrics
These recommendations apply to patients at high risk of AKI as well as those who have developed it

We recommend:

® that an assessment of the physiological status of the patient with AKI be made promptly following identification
of AKI or recognition of a high risk for it (following NICE CG50). (1A)

® prompt identification and treatment of sepsis where appropriate. (1A)

® optimisation of haemodynamic status using appropriate fluid therapy (supported by NICE CG176) and
administration of vasopressors and/or inotropes as appropriate. (1B)

® careful clinical assessment when administering fluid therapy in order to avoid adverse outcomes as a
consequence of fluid overload. (1B)

® that, at present, there is no specific pharmacological therapy proven to treat AKI secondary to hypoperfusion
injury and/or sepsis. (1A)

5. Medicines Management in AKI
Guideline 5.1 - Adults and Paediatrics

We recommend that:

® 3 documented review is undertaken of all medications in those at risk of or with identified AKI, in order to
withhold medications which may adversely affect renal function (1D)

® therapeutic drug dosing must be adapted to altered kinetics in AKI. (1B)

® regular re-evaluation of drug dosing is undertaken as renal function changes and as renal support is initiated,
altered or discontinued. (1D)

® individual acute hospital Trusts either sign-post to external guidance on drug use in AKI, for example, for the
prescribing of antibiotics, analgesia, contrast media, and chemotherapy, or develop their own, in-house
evidence-based recommendations. (1D)

® all patients re-starting potential culprit drugs after an episode of AKI should have their serum creatinine and
potassium re-measured 1-2 weeks after this and after any subsequent dose titration (1D)

6. Rhabdomyolysis
Guideline 6.1 - Adults and Paediatrics

We recommend that adult and paediatric patients identified as being at risk of developing AKI due to
rhabdomyolysis, and who are not volume overloaded, should receive prompt intravenous volume expansion in
order to achieve a high urinary flow rate. (1B)
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7. Nutritional support
Guideline 7.1 - Adults and Paediatrics

We recommend that patients with AKI receiving renal replacement therapy should be referred to a dietitian for
individual assessment (1D).

8. Treatment facilities and transfer to renal services
Guideline 8.1 - Adults

We recommend that:

® when specialist renal advice on patients with AKI is sought, this should be given with consultant renal physician
involvement; senior input is intended to ensure that high quality advice has been offered and so may include
retrospective but timely discussion of cases referred to non-consultant members of the renal team. (1D)

® ftransfer protocols should be developed based on the National Early Warning Score (NEWS) to ensure
appropriate triage of in-patients with AKI arriving from other hospitals. (1C)

® renal services should work with other specialties and local primary and secondary care providers to develop
guidelines on indications and local processes for renal referral for the management of AKI; these should
harmonise with national guidance, where available. (1C)

We suggest that:

® intensive care units should make early contact renal services to discuss patients likely to require ongoing single
organ renal support prior to step-down. Advance warning of such patients will facilitate forward planning and
continued follow-up. (2D)

Guideline 8.2 — Paediatrics

We recommend that:

® paediatric renal services should work in collaboration with tertiary specialities within the same centre as well as
local hospitals to develop regional guidelines and transfer protocols for the early detection, management and
treatment of AKl in children and young people. (1D)

® paediatric intensive care units should liaise early with renal services to discuss children or young people who
may require ongoing renal replacement therapy following discharge from intensive care. This should be
undertaken with consultant paediatric nephrologist input. Early referral facilitates forward planning and helps
establish relationships with children and their families. (1D)

® urgent secondary care assessment should be arranged for all possible cases of AKI, developing in the
community. This should be undertaken with consultant paediatric nephrologist input (1D)
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9. Renal Support
Adults and Paediatrics (unless otherwise stated)
Guideline 9.1 - Choice of renal replacement therapy

We recommend that:

® acute renal replacement therapy (RRT) should be considered for patients with progressive or severe AKI, unless
a decision has been made not to escalate therapy. (1B)

® the decision to initiate RRT and choice of modality should be based on the condition of the patient as a whole,
severity of the underlying disease, degree of fluid overload and its impact on other organs but not on an isolated
creatinine or urea values. (1B)

® intermittent and continuous extracorporeal modalities should be considered as complementary treatments for
AKI. The choice of renal replacement therapy should be guided by the clinical status of the individual patient,
the medical and nursing expertise, and the availability of machines. Peritoneal dialysis may be considered as an
alternative to extracorporeal treatments in paediatric patients (1B)

® the decision whether to start continuous or intermittent RRT should be based on the condition of the patient.
Continuous RRT should preferably be offered to patients who are haemodynamically unstable or have acute brain
injury or cerebral oedema. (2B)

Guideline 9.2 - Choice of membrane and fluids

We recommend that:

® dialysers with a biocompatible membrane should be used for IHD and CRRT. (1C)

® bicarbonate should be the preferred buffer for dialysate and replacement fluid in continuous renal replacement
therapy (CRRT) techniques. (1C)

® fluids used for continuous or intermittent haemodialysis, haemofiltration or haemodiafiltration in patients with
AKIl meet the microbial standards for fluids used for chronic haemodialysis. (1A)

Guideline 9.3 - Vascular access for RRT

We recommend that:

® veno-venous access is used for acute renal replacement therapy. (1A)

® dialysis catheters should be of an adequate length to minimise the risk of premature filter clotting and access
recirculation. (1C)

® access should be placed by experienced or appropriately supervised staff. Real-time ultrasound guidance should
be used to aid placement. (1A)

® subclavian vein access should be avoided if possible in patients at risk of progressing to CKD stage 4 or 5 due to
the potential risk of compromise of future, ipsilateral arterio-venous dialysis access. (1D)

® temporary access should be changed at appropriate intervals as per local infection control policies. (1C)
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® dialysis catheters should be reserved for extracorporeal treatment, only, to reduce the risk of catheter-related
infections. (1D)

® antimicrobial locking solutions should be used routinely to reduce the risk of catheter related bloodstream
infections in adults. (1C)

We suggest that:

® antimicrobial locking solutions should be used routinely to reduce the risk of catheter related bloodstream
infections in children and young people. (2D)

® non-dominant arm upper limb vasculature should be preserved in patients with AKI on the background of CKD
as a contingency for future permanent arterio-venous dialysis access. (2C)

Guideline 9.4 - Anticoagulation for extracorporeal therapies

We recommend that:

® anticoagulation for RRT should be tailored to the patient’s characteristics and the chosen modality of RRT. (1B)

® for anticoagulation in CRRT, regional citrate anticoagulation should be the first line choice. When citrate is
contraindicated or not available, unfractionated heparin or epoprostenol should be considered. (1B)

® for anticoagulation in acute intermittent RRT, unfractionated heparin or low molecular weight heparin should be
used as the first line anticoagulant. (1C)

We suggest that:

® in case of contraindications to citrate, heparin or epoprostenol, a no-anticoagulation or saline flush strategy may
be considered in patients receiving continuous or intermittent RRT. (2C)

Guideline 9.5 - Renal replacement therapy prescription

We recommend that:

® the dose of acute extracorporeal RRT should be prescribed and adjusted at each session (for intermittent
haemodialysis or hybrid therapies such as SLED — sustained low efficiency dialysis) and daily (for continuous
RRT). The prescription should take into account the patient’s current and predicted metabolic and fluid needs
and any measured shortfalls in delivered dose. (1A)

® patients with AKI treated by CRRT should receive treatment doses equivalent to post dilution ultrafiltration rates
of 25 ml/kg/hr. (1A) A proportionate upward adjustment to the prescribed ultrafiltration rate should be
made when pre-dilutional haemofiltration is employed.

® patients with AKI treated by intermittent RTT (intermittent haemodialysis or a hybrid therapy) should receive
treatment with at least the minimum dose considered appropriate for end-stage renal disease, assuming a
thrice weekly schedule: urea reduction ratio (URR) = 65% or single pool (sp)Kt/V = 1.2 per session. (1B) In
practice, this will require targeting a higher dose (URR > 70% or spKt/V > 1.3 per session) to accommodate
prescription-delivery shortfalls.
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® consideration should be given to the risk of dialysis disequilibrium syndrome in patients initiating intermittent
haemodialysis with a high serum urea and that a lower intensity first dialysis should be prescribed for patients at
risk (1B). We suggest that a urea > 30 mmol/L would be a reasonable threshold to consider these measures (2C).

We suggest that:

® renal replacement therapy dosing methods that require an assessment of patient weight should use a measured
weight rather than an extrapolated weight from pre-morbid readings. (2B)

Guideline 9.6 - Timing of initiation of renal replacement therapy

We recommend that:

® the decision to start RRT in patients with AKI should be based on fluid, electrolyte and metabolic status of each
individual patient. It should be started before the onset of life threatening complications of AKI unless a decision
has been made that escalation of therapy is not appropriate. (1C)

® initiation of RRT may be deferred if the underlying clinical condition is improving, there are early signs of renal
recovery and the metabolic and fluid demands of the patient are met. (1D)

® animprovement in the patient’s clinical condition and urine output and correction of the fluid state would
justify temporary discontinuation of ongoing renal support to explore if AKl is recovering. (1D)

10. Discharge planning
Guideline 10.1 - Adults and Paediatrics

We recommend that:

® the discharge summary should include a record of AKI detected whilst in hospital, its maximum stage, aetiology,
the need for renal support (temporary / ongoing), and discharge renal function, if dialysis-independent (1D)

® the discharge summary should include specific recommendations on the need for immediate, post-discharge
monitoring of renal function, advice on drug therapy that may have been implicated in the episode (e.g.
avoidance, scope for re-introduction, future sick day guidance), and information offered to the patient, relatives
and / or carers (1D)

® the discharge summary should link to relevant local guidelines, advise on the need for documentation of the AKI
in the primary care record and note the need for registration on the primary care CKD register if residual CKD
exists at the time of discharge (1D)

® formal post-discharge nephrology review should be arranged (1C):
® within 90 days for those with residual CKD stage G4 at hospital discharge
® within 30 days for those with residual CKD stage G5 (non-dialysis-requiring) at hospital discharge

® within 30 days for those with ongoing dialysis requirements at the time of hospital discharge
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11. Education
Guideline 11.1 — Adults and Paediatrics

We recommend that undergraduate and postgraduate medical trainees should be taught the principles of

prevention, detection and treatment of AKI. (1C)
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3. Summary of audit measures

Audit data sources

Appendix 2 lists audit measures according to data source: UK Renal Registry (UKRR) — Hospital Episode Statistics
(HES) linked data extracts, local data extracts, local clinical records review and specialist team audit.

Laboratory returns to the UKRR on AKI warning stage are increasing in both coverage and quality but require HES
linkage to identify other important data including venue and various outcome measures. The combined extract
allows a degree of ‘automation’ of audit data collection and helps reduce the burden on individual organisations.
However, a reliably complete serum creatinine dataset is not achievable through this method and still requires local
collection to fulfil at least some audit requirements. Finally, at least some of the listed audit measures require
review of individual clinical records (e.g. for documentation of differential diagnoses) or of organisational processes
(e.g. post-transfer escalation of care) — we have detailed methodology in these instances.

The suite of audit measures has been designed to reflect, as best as possible, processes of care rather than the
detail of their individual components.

Audit measures

Adult and Paediatric unless otherwise stated.

Definition, Epidemiology and Outcomes

Audit Measure 1: Incidence and outcomes of patients diagnosed with:

® community-acquired AKI — never hospitalised (detected and managed* in a community setting)

® community-acquired AKI — subsequently hospitalised (detected in a community setting or within the first 2
calendar days of hospital admission**)

® hospital-acquired AKI (detected after the second calendar day of hospital admission*)
* We strongly recommend that community-acquired paediatric AKI should be managed in hospital

** Hospital Episode Statistics (HES) data do not include accurate admission times precluding better definition of
this threshold (e.g. ‘24 hours post-admission’)

Audit Measure 2: Outcome measures for patients developing AKI should include:

® |ength of hospital stay

® hospital mortality

® 30 day mortality (adults only)

® 90 day mortality (adults only)
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® one year mortality (adults only)
® need for renal replacement therapy

® maximum severity stage of that AKI episode

Audit Measure 3a: Adults only: Proportion of patients with AKI who recover kidney function by 30 days after an
episode of entirely community-managed AKI or by the time of hospital discharge or in-hospital death and as
defined by return of serum creatinine to within 150% of baseline value*.

*AK| episodes coded as requiring renal support should be excluded from the audit dataset as confirmation of
dialysis-independence is complex, requiring triangulation with renal unit databases. Similarly, for episodes
managed in hospital (i.e. ‘community-acquired AKI — subsequently hospitalised’ and ‘hospital-acquired AKI’), the
dataset should be censored at discharge / death and exclude those undergoing inter-hospital transfer due to
difficulties concatenating outside laboratory datasets.

Audit Measure 3b: Paediatrics only: Proportion of patients with AKI who recover kidney function by the time of
hospital discharge or in-hospital death and as defined by

® return of serum creatinine to within 150% of baseline value or less than upper limit of normal reference range if
independent of renal support by this time

® urine testing negative for proteinuria in a first voided sample
e systolic BP<95™ centile for height

® independence from renal replacement therapy (if renal support required for that episode of AKI)

paediatric AKI should be managed in an in-hospital setting (i.e. the number of ‘community-acquired AKI — never
hospitalised’ should be negligible). These audit measures will require a combination of local laboratory data
extracts and individual case records review.

The frequency of the audit measures 1 - 3 should be at least annual with that of re-audit driven by local results
from these, topic-specific audits, but also by broader AKI audit findings.

Recognition of the patient at risk of AKI

Audit Measure 4: Regular audit of in-patients developing hospital-acquired AKI should include audits of SCr
monitoring frequency prior to each episode as a marker of surveillance of at risk individuals, recording the
percentage of patients with a SCr in the calendar day prior to the first AKl alert

Audit Measure 5: Regular audit of AKI should include its stage at first detection of that episode as an indicator of
prior surveillance of at risk patients
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Audit Measure 6: Adults only: The proportion of emergency admissions having renal function checked within 6
hours of admission should be audited

Audit Measure 7: We suggest that regular audit cycles of at risk populations (emergency admissions, major non-
cardiac surgery) should be established to identify the incidence of preventable AKI. These audits should be
conducted in relation to the AKI risk factor profile operative for the population in question, where relevant. In view
of their resource intensive nature, we suggest that audits be limited to more advanced stage 2 and 3 AKI; whilst
acknowledging the clinical and prognostic impact of stage 1 AKI, limiting audits to more advanced disease is likely
to provide similar information but in a far more achievable fashion. From a practical perspective, we recommend
that over the audit period, all consecutive patients developing AKI stages 2 or 3 are identified over the first of either
a two week elapsed time period or after 20 patients have been identified. In order to avoid confounding by
recurrent or fluctuating AKI, the measure should be limited to the first detection of higher stage AKI (stages 2 or 3)
of a given admission.

The frequency of the audits 4 - 7 should be at least annual with that of re-audit driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

Clinical Assessment; History, Examination

Audit Measure 8: Proportion of patients with de novo AKI stage 2 or 3 with a documented differential diagnosis of
their AKI within 24 hours of its development. Documentation of a differential diagnosis of AKI implies that the
episode has been recognised and that a search for its cause has been initiated.

The measure is confined to AKI stages 2 and 3 as evidence suggests that most AKI 1 is self-limiting and that AKI 1
electronic alerts usually trigger at or near the maximum Cr for that particular episode; limiting audits to more
advanced disease is likely to provide similar information but in a far more achievable fashion. Timescales for
documentation of the differential diagnosis might include the period prior to biochemical evidence of AKI 2 or 3
driven, for instance, by a prior diagnostic reduction in urine output or after triggering an AKl stage 1 alert.

From a practical perspective, we recommend that the audit is performed at least annually, identifying all
consecutive patients developing AKI stages 2 or 3 over the first of either a two week elapsed time period or after 20
patients have been identified. In order to avoid confounding by recurrent or fluctuating AKI, the measure should be
limited to the first detection of higher stage AKI (stages 2 or 3) of a given admission for in-patients or after at least 4
weeks since the last episode for community-based patients.

The frequency of this audit should be at least annual with that of re-audit driven by local results from these, topic-
specific audits but also by broader AKI audit findings.

Clinical Assessment; Investigations

Audit Measure 9: Proportion of patients who had urinalysis performed within 24 hours of the diagnosis of AKI
unless anuric or incontinent of urine®

Audit Measure 10: Proportion of hospitalised patients developing AKI secondary to obstruction who had a renal
ultrasound examination < 24 hrs after a diagnosis of AKI established (< 6 hours after diagnosis if pyonephrosis)°
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Audit Measure 11: Adults only: Proportion of in-patients with newly diagnosed AKI who have at least daily urea
and electrolyte monitoring to the first of 5 days after AKI established or the end of that hospital episode®

The frequency of the audits 9 - 11 should be at least annual with that of re-audit driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

® |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1). Timescales
for urinalysis may extend up to 7 days prior to the AKI episode - routine urinalysis at the time of emergency
admission would suffice for a subsequent in-hospital AKI if this occurs within 7 days. Audit outcome options would
include “not applicable” for patients who are anuric or incontinent of urine.

® Case identification would be through admission ICD-10 codes for obstruction (N13.0 — N13.6, N13.8, N13.9) in
combination with the first AKI alert of that admission. Audit outcome options would include “not applicable” for
AKI events that are not deemed to be associated either clinically or temporally with the obstruction.

° An automatable indicator of adequate surveillance for deteriorating disease.

Management

Audit measure 12: Proportion of patients with AKI stage 2 or 3 having a physiological assessment / NEWS scoring
(or equivalent) within 6 hours of AKI warning stage test result*

Audit Measure 13: Proportion of patients with AKI stage 2 or 3 with a documented volume assessment and, where
fluid therapy has been prescribed, a documented re-assessment plan, within 6 hours of AKI warning stage test
result**

The frequency of the audits 12 and 13 should be at least annual with that of re-audit driven by local results from
these, topic-specific audits but also by broader AKI audit findings.

* |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1).

** |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1). The
guideline development group noted the difficulty in defining the components of an adequate volume assessment
and took the view that the occurrence, rather than actual quality of, the review was all that could be established
for this specific audit measure; for instance, a narrative descriptive from a senior clinician (e.g. “dry”, “volume
overloaded”) would be difficult to fault from an audit perspective whilst documented evidence of a chest and
cardiac examination by a less experienced trainee might not necessarily imply that its intent was to assess volume

status.
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Medicines Management

Audit measure 14: Proportion of patients with AKI stage 2 or 3 having a documented review of medication which
may adversely affect renal function within 6 hours of AKI warning stage test result*

The frequency of this audit should be at least annual with that of re-audit driven by local results from these, topic-
specific audits but also by broader AKI audit findings.

* |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1.

Nutrition

Audit measure 15: Proportion of patients undergoing dietetic review by the calendar day after initiation of renal
support*

Audit measure 16: Proportion of patients meeting at least 80% of their estimated energy and protein requirements
by the 2™ calendar day after initiation of renal support*

* applies even if no longer RRT-dependent

The frequency of audit measures 15 and 16 should be at least annual with that of re-audit driven by local results
from these, topic-specific audits but also by broader AKI audit findings.

Treatment facilities and transfer to renal services

Audit measure 17: Incidence of delays of transfer of patients with AKI more than 24 hours following referral to
renal services due to a lack of resources on renal unit.

Audit measure 18: Incidence of patients with single organ AKl admitted to ICU for RRT due to a lack of resources on
the renal unit.

Audit measure 19: Number of AKI in-patient transfers requiring escalation of care within 24 hours of arrival on
renal unit.

We recommend that audits 17 - 19 should be led by the Renal Unit and should be conducted at least annually over
a two week period. The frequency of re-audit should be driven by local results from these, topic-specific audits but
also by broader AKI audit findings.
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Renal Support - Renal replacement therapy prescription
Audit measure 20: Agreement between prescribed and delivered dose of RRT.

We recommend that the above audit should be led by services delivering acute RRT and should be conducted at
least annually over a two week period. The frequency of re-audit should be driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

Discharge planning

Audit measure 21: Proportion of discharge summaries of patients diagnosed with AKI during hospitalisation in
whom this is recorded

Audit measure 22: Proportion of patients diagnosed with AKI during hospitalisation, left with residual CKD who
have a documented management plan for their CKD in the discharge summary

We recommend that audits 21 and 22 should be conducted at least annually over a two week period. The
frequency of re-audit should be driven by local results from these, topic-specific audits but also by broader AKI
audit findings.

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 19



THE RENAL
ASSOCIATION
founded 1950

4. Rationale for Clinical Practice Guidelines

1. Definition, Epidemiology and Outcomes
Guideline 1.1 - Adults and Paediatrics

We recommend that the Kidney Disease: Improving Global Outcomes (KDIGO) system for the diagnosis and staging
of AKI should be adopted; serum creatinine-based criteria should be applied according to the current NHS England
biochemical detection algorithm. (1B)

We suggest that, when the true, reference serum creatinine (SCr) is uncertain, the presence of an active episode of
AKI occurring in secondary care can be inferred from frequent SCr testing (e.g. at 12 and 24 hours after the index
value). (2D)

Audit Measure 1: Incidence and outcomes of patients diagnosed with:

® community-acquired AKI — never hospitalised (detected and managed* in a community setting)

® community-acquired AKI — subsequently hospitalised (detected in a community setting or within the first 2
calendar days of hospital admission**)

® hospital-acquired AKI (detected after the second calendar day of hospital admission*)

® \We strongly recommend that community-acquired paediatric AKI should be managed in hospital

® ** Hospital Episode Statistics (HES) data do not include accurate admission times precluding better definition of
this threshold (e.g. ‘24 hours post-admission’)

Audit Measure 2: Outcome measures for patients developing AKI should include:

® |ength of hospital stay

® hospital mortality

® 30 day mortality (adults only)

® 90 day mortality (adults only)

® one year mortality (adults only)

® need for renal replacement therapy

® maximum severity stage of that AKI episode
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Audit Measure 3a: Adults only: Proportion of patients with AKI who recover kidney function by 30 days after an
episode of entirely community-managed AKI or by the time of hospital discharge or in-hospital death and as
defined by return of serum creatinine to within 150% of baseline value*.

*AK| episodes coded as requiring renal support should be excluded from the audit dataset as confirmation of
dialysis-independence is complex, requiring triangulation with renal unit databases. Similarly, for episodes
managed in hospital (i.e. ‘community-acquired AKI — subsequently hospitalised” and ‘hospital-acquired AKI’), the
dataset should be censored at discharge / death and exclude those undergoing inter-hospital transfer due to
difficulties concatenating outside laboratory datasets.

Audit Measure 3b: Paediatrics only: Proportion of patients with AKI who recover kidney function by the time of
hospital discharge or in-hospital death and as defined by

® return of serum creatinine to within 150% of baseline value or less than upper limit of normal reference range if
independent of renal support by this time

® urine testing negative for proteinuria in a first voided sample
e systolic BP<95™ centile for height

® independence from renal replacement therapy (if renal support required for that episode of AKI)

'Paediatric AKI should be managed in an in-hospital setting (i.e. the number of ‘community-acquired AKI — never
hospitalised’ should be negligible). These audit measures will require a combination of local laboratory data
extracts and individual case records review.

The frequency of the audit measures 1 - 3 should be at least annual with that of re-audit driven by local results
from these, topic-specific audits, but also by broader AKI audit findings.

Rationale

Mortality rates from AKI have historically exceeded 30% in most studies [1] and over recent years it has been
recognised that even small increases in serum creatinine (SCr) may be associated with worse patient outcomes [2].
To reflect the importance of these changes in SCr the term acute kidney injury (AKI) has replaced the term, ‘acute
renal failure’ (ARF). This has allowed the condition to be considered as a spectrum of severity that reflects the
potential for progression to more advanced disease but which may also be associated with adverse patient
outcomes with even mild dysfunction.

By encompassing the full range of severity, use of more contemporary definitions has revealed the full scale of the
problem. For instance, up to 18% of admissions may be complicated by AKI in general hospital settings [3] and at
least one-third of patients requiring intensive care develop the condition [4-6]. In the community, one Scottish
population study found an annual AKI incidence of 2147 per million adult (> 15 years old) population [7]. There
appears to be an increasing incidence of AKI with age [8]. In addition, AKI appears to be becoming more common
when assessed over even short periods of time; Hsu et al, for instance, showed the incidence of non-dialysis
requiring AKlI amongst a large population of hospitalised patients to have increased from 323 to 522 per 100 000
person-years between 1996 and 2003, alone [8]. These changes may be explained by more aggressive medical and
surgical interventions in an aging and increasingly co-morbid population who are more vulnerable to AKI as a
complication of such treatments[9, 10]. When corrected for disease acuity there is at least some evidence that
hospital survival from AKl is increasing [11] although longer term mortality rates appear to be unchanged and may,
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it has been speculated, actually represent increased use of early discharge to external long term care facilities
rather than improved, in-hospital management [12]. A systematic review of the worldwide incidence of AKI has,
however, suggested that AKl-associated mortality rates have indeed declined over time, and are inversely related
to the income of countries and total health expenditure as a percentage of gross domestic product [13].

Another factor that has received increasing attention, of late, is the differentiation of community-acquired from
hospital-acquired AKI. A recent Welsh study, comprising nearly 16,000 patients admitted to two district general
hospitals, compared hospital-acquired AKI to community-acquired disease (with the latter defined as AKI detected
on the 1% SCr of admission if that SCr was measured within 48 hours after admission) [14]. The authors found a
higher incidence of community-acquired AKI, (4.3 vs. 2.1%), which, although tending to be more severe, had better
hospital length of stay, rates of renal recovery and both short and long term mortality. Similarly, a single centre US
study found community-acquired AKI (detected before 24 hours after admission) to be more likely to be caused by
volume depletion and to be associated with lower mortality, fewer chronic illnesses, fewer in-hospital
complications and have shorter hospital length of stay [15]. Finally, a retrospective cohort analysis of hospitalised
patients in upstate New York found no differences in long term outcomes in community- vs. hospital-acquired AKI
although the former (defined as AKI present at admission) were less likely to have reduced renal function at
baseline and were more likely to have severe AKI [16].

The rapid evolution in the consensus definition of AKI over the course of just over a decade, has allowed
meaningful interpretation of epidemiological data. It should, however, be noted that these definitions are not
equivalent and may describe different incidences and outcomes [17, 18] and resource usage even within the same
population [17]. The latest iteration of the definition is derived from the Kidney Diseases: Improving Global
Outcomes International (KDIGO) group [19] which allows a diagnosis of AKI to be made if:

e serum creatinine (SCr) rises by > 26.5 * umol/L within 48 hours or

e SCrrises 2 1.5 fold from the reference value, which is known or presumed to have occurred within the preceding
7 days or

e urine output is < 0.5ml/kg/h for 6 hours
* by > 26 umol/L where the NHS England biochemical detection algorithm [20] and / or NICE guidance [21] apply

After a SCr rise meets one or more of these diagnostic criteria, the severity of the episode can be staged as shown
in table 1, with the worst disease, by either SCr or urine output criteria, defining overall AKI stage. Importantly,
although SCr diagnostic criteria include a mandatory timeframe, SCr staging criteria do not. However, the
timeframe over which AKI severity is determined (e.g. the whole AKI episode, 7 days post-diagnosis, etc.) should be
made explicit when this is reported.
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Table 1: KDIGO staging system for AKI

Stage Serum creatinine (SCr) criteria Urine output criteria

1.5 to 1.9 times baseline

1 or <0.5 mL/kg/h for 6 — 12 hours

>26.5 umol/L increase *

2.0 to 2.9 times baseline
2 <0.5 mL/kg/h for > 12 hours

3.0 times baseline
or
increase in SCr 2 26.5 umol/L * to > 354 umol/L <0.3 mL/kg/h for 2 24 hours

3 or or

initiation of renal support irrespective of stage _
anuria for > 12 hours

or

in patients <18 years, decrease in eGFR to <35 ml/min/1.73 m’

* by 2 26 pmol/L where the NHS England biochemical detection algorithm [20] and / or NICE guidance [21] apply

This approach to staging the severity of AKI has been validated by numerous studies in different clinical settings
that have confirmed the association of AKI stage with short term outcomes and resource utilisation [3-5, 17, 22-24].
A diagnosis of AKI, according to modern definitions, is also strongly associated with later adverse outcomes
including reduced long term survival [25-30], a higher risk of developing and / or worsening CKD [14, 26-33] and, in
some [34] but not all [35, 36] studies, an impact on quality of life. A prior episode of AKI has also been linked with
future cardiac and cerebrovascular events and with the need for hospital re-admission [37]. However, a systematic
review, published in 2015, suggested the possibility that long term prognosis was dependent on pre- and/or post-
AKI levels of renal function rather than on the episode, itself [38]; limited reporting of relevant data in the reviewed
literature prevented definitive conclusions from being drawn, though. A subsequent observational cohort study
from the same group, utilising the Grampian regional population cohort, demonstrated a diminishing prognostic
impact of an individual AKI episode over the course of time but that baseline renal dysfunction retained its
importance [39].

Nevertheless, it is important to use clinical judgement in interpreting implications for individual patients, including
for those who do not meet diagnostic or staging criteria but who might still have pathological AKI. Other factors
may have an impact upon diagnosis and staging of AKI by affecting either the reference or index SCr including inter-
laboratory variability and intra-individual variability as a result of diet and activity, the use of certain drugs (e.g.
trimethoprim, cimetidine, cephalosporins), interference from chromogens (e.g. bilirubin, ascorbic acid, uric acid),
the impact of low muscle mass and of changes in creatinine production, high volume fluid resuscitation [40] and
blood transfusion.
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There has been considerable debate over how to define the reference SCr — how far back to view historical results
and what to do in the event that no previous SCr results are available. This is particularly pertinent for those
admitted with a raised SCr.

KDIGO [19], for instance, suggests that, for those with previously normal renal function, values as far back as 6 — 12
months prior to the index SCr can be considered, but that those with pre-existing CKD may require a more nuanced
approach that takes account of the trajectory of renal decline and extrapolates this towards the latest AKI episode.

Other methods of determining the reference SCr have been considered.

The biochemical detection algorithm mandated across primary and secondary care in England and Wales, for
instance, uses both the lowest value in the 7 days before the latest SCr value and the median value for all results
between 8 and 365 days preceding it [20]. Where there is no reference SCr available, others have advocated the
use of an estimate, calculated by solving the MDRD equation [41] with an assumed baseline estimated GFR (eGFR)
of 75 ml/min/1.73m?. A comparison of this, and other anthropometric methods of estimating baseline SCr, found
all to hold potential inaccuracies, particularly when AKI was mild [42]. Similarly, a two centre New Zealand study
found assumed baseline eGFRs of both 75 and 100 ml/min/1.73m” to overestimate the proportion of ICU patients
with AKI [43]. Others have found that, although solving for an assumed baseline eGFR of 75 ml/min/1.73m?* was
reasonably accurate for those with normal or near-normal baseline function, the incidence of AKI was over-
estimated in those with suspected underlying CKD [44]. The potential for over-estimating the incidence of AKI by
under-estimating baseline SCr was also noted in a retrospective cardiac ICU database study [45]. Finally, a recent
study, using two separate cardiac surgery cohorts in Austria and Switzerland showed that none of the currently
available formulae for estimating GFR classified AKI stage with sufficient accuracy [46].

Although more appropriate for retrospective evaluation of the severity of a ‘completed’ episode of AKI, the
physiological nadir SCr over the course of the admission (i.e. without interference from the use of renal
replacement therapy) has been proposed as an alternative for inferring an unknown baseline. Use of the lowest SCr
in the 1° ICU week to infer baseline eGFR in the New Zealand study noted above [43], although correctly
estimating the proportion with AKI by RIFLE criteria [47] did not do so by the more recently developed AKIN
classification system [48].

Given the variations in approach for determining the reference SCr, it is, therefore, imperative that the
methodology for its determination be described when reporting AKI. From the practical perspective of real-time
clarification of whether a patient is currently suffering AKI in an in-patient setting, repetition of SCr measurements
(e.g. after 12 then 24 hours) is suggested. Similarly, we recommend that SCr is checked at least daily until the
episode of in-patient AKI has resolved or a new baseline is reached to allow timely detection of progressive disease.
The Think Kidneys programme have issued guidance on the response to AKI, detected in primary care [49],
representing a balance between the urgency of the need for assessment, the balance of probability that this does
indeed represent an episode of community-acquired AKI and the practical difficulties of patient access; we would
sign post the reader to two tables from this document, “Recommended Response Times to AKI Warning Stage Test
Results for Adults in Primary Care” and “Recognising and Responding to AKl in Primary Care”.

Although consensus definitions of AKI have incorporated an absolute rise if SCr within diagnostic criteria, a relative
change has been retained. The latter has recently been brought into question, at least for patients with low
baseline SCr levels, with one Boston study finding a higher incidence of biochemical AKI but, at least for those
whose baseline was < 0.4 mg/L, with no survival disadvantage [17]. Conversely, a recent simulation study, utilising a
real-life, clinical reference cohort, introduced hypothetical, alternative SCr values based on established parameters
for laboratory and biological variability [50]. The authors reported that the use of small SCr rises for AKI diagnosis,
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as per current criteria, was associated with the potential for high rates of false-positives. This was particularly
pronounced for those whose true SCr was at least 1.5 mg/dL in comparison to those with lower index values (30.5
vs. 2.0%).

Additional findings that suggest refinement of current SCr criteria are likely to evolve include the role of creatinine
kinetics (using absolute increases in SCr over specified time periods) [51, 52], the impact of AKI duration on
outcomes [53], the potential significance of sub-acute SCr increases [54] and the impact of acute kidney diseases
and disorders (AKD; see also, below) [55].

In contrast to the attention paid to SCr-based diagnosis and staging, the utility of urine output has
received relatively little scrutiny. This is, perhaps, reflected in the fact that, whilst SCr-derived definitions
have evolved over the course of time, urine output criteria have remained static with each successive
consensus. The practical difficulties in obtaining accurate measurements of urine output (at least outside
of critical care areas) may well explain the paucity of the evidence base, with one systematic review
finding only 12% of the cumulative study population available to them at that time to have both SCr and
UO criteria included in analyses [56]. Of those that did, normalisation of 24-hour urine volumes to hourly
rates and assumptions of body weight fixed at 70 kg have left some uncertainty about how well urine
output and SCr criteria are calibrated. The critical care literature has now started to explore how these
both relate to and interact with each other.

The evidence, as it currently stands, does not allow any firm recommendations to be made other than that current
consensus criteria should be adopted [19] (see table 1, above).

Supporting this is at least some evidence of the potential utility of urine output as a biomarker for poor outcomes.

For instance, a single-centre, retrospective, observational study of post-ICU admission AKI[6] demonstrated that
rigorously applied urine output criteria, alone, predicted mortality better than SCr-based staging, alone, or a
combination of the two. Similarly, a prospective observational study found oliguria to be an early predictor of
higher mortality in critically ill patients [57]. Another, large, single-centre critical care database study found short-
and long-term risk of death or renal support was greatest when patients met both SCr and urine output criteria[58].
Of note, this same study demonstrated the impact of AKI duration on adverse outcomes[58] in keeping with other
retrospective work in diabetic post-surgical patients which used SCr-based staging, alone[59].

These findings must, however, be tempered with other evidence that urine output may not be such a useful
prognosticant.

For instance, Bellomo et al reported a prospective observational study in critical care patients which found that the
historical RIFLE definition of AKI [47], used without urine output criteria, was associated with higher mortality [60].
Similarly, a recent Dutch single-centre critical care study found that those meeting combined criteria were less sick
and had better outcomes than those triggering SCr-based diagnostic criteria [61]. Finally, one single-centre study of
post-cardiac bypass AKI found that, although application of oliguric criteria, alone, increased the apparent disease
incidence, these were not associated with poor outcomes [62].

Thus, urine output and SCr criteria may not be optimally calibrated against each other. Other data has suggested
that the inclusion of oliguric criteria may allow an earlier diagnosis of AKI but also raise concerns, not only of the
disconnect between blood-side and urine output criteria, but also that different disease processes may be being
described.
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For instance, the study of Bellomo et al, mentioned above [47], noted that use of blood-side diagnostic criteria,
alone, led to later diagnosis as well as a lower disease incidence and severity stage. In addition, the Dutch study,
authored by Koeze et al, also noted above [61], found that the addition of urine output-based criteria allowed an
AKI diagnosis at a mean of 11 hours before reliance on SCr, alone [61]. However, those triggering by the combined
criteria were less sick and had better outcomes, only 20% of those meeting the urine output component
subsequently underwent a diagnostic SCr rise, and a higher proportion of patients who only met urine output
criteria had been admitted after scheduled surgery.

Attempts have been made to determine and refine the sensitivity of urine output criteria.

For instance, analysis of data from the multi-centre, prospective, intensive care unit FINNAKI study demonstrated
the potential utility of periods of sustained oliguria, shorter than for consensus criteria (e.g. < 0.1 ml/kg/hr for >3h),
as a subsequent predictor of biochemical and/or RRT-requiring AKI [63]. Prowle et al [64], reporting a multi-centre
study of critical care patients examining the utility of oliguria (defined as an urine output < 0.5 ml/kg/hr) of differing
durations (of up to 12 hours), found that those episodes of shorter duration (1-6 hours) were not useful in
discriminating patients with incipient AKI according to an SCr-based definition of AKI (RIFLE Injury class, which maps
to KDIGO stage 2 disease). Finally, Md Ralib et al found that a 6-hour urine output threshold of < 0.3 ml/kg/hour
best associated with mortality and the need for renal support in a single-centre ICU study [65].

The guideline development group note the Think Kidneys programme position statement on the use of oliguria to
detect AKI [66]. In addition to the practical recommendation that hourly and an hourly average taken over 6 hours
may have equivalence we would also add that the evidence base for this is limited [67] but also, that measurement
methodology should be reported, explicitly. We also note the conflicting data on the utility of urine output as a
biomarker of outcomes and that, when considering the recommended hourly frequency of urine volume
assessment in patients at risk of AKI with long term catheters, resource availability should also be taken into
consideration.

Therefore, the potential utility of oliguria as a clinical and epidemiological biomarker, its calibration with SCr-based
criteria and sensitivity thresholds require further exploration. In the absence of a more sturdy evidence base,
however, we recommend that current KDIGO consensus criteria should be utilised (see table 1). In addition, we
note a number of confounding factors which introduce uncertainty into the interpretation of urine output-based
criteria: the impact of drugs (e.g. diuretics [45]), physiological post-operative or post-traumatic changes in urine
output [68] and extremes of body habitus (e.g. in obese patients with their disproportionately low lean body mass
in comparison to their actual weight). We recommend that clinical judgement should, therefore, continue to be
exercised when determining the significance of urine output changes for the individual patient.

From the discussion, above, it appears clear that the consensus on defining AKI and its severity will continue to
evolve. We have already noted the desirability of using the current criteria to maintain consistency but also that
any variances, introduced by any ambiguity in these criteria, should be explicitly reported, where relevant. Further,
we would recommend that any existing national consensus should be utilised where it applies given the potential
confusion introduced by piecemeal adoption at a local, regional and national scale. The NHS England biochemical
detection algorithm, for instance, differs from KDIGO criteria in the way that baseline SCr is derived but also (albeit
subtly) in the magnitude of the absolute diagnostic SCr rise [20] , which harmonises with NICE recommendations
[21].

Regardless of the stage of AKI, a diagnosis of AKI is incomplete without attempts to define its aetiology given that a
mainstay of management is treatment of the underlying cause. The extent to which further investigations are
required will, of course, rely on clinical judgement — for instance, histological confirmation may be desirable when
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the clinical picture suggests an acute glomerulonephritis but not ischaemic AKI. History, examination and
investigations relevant to determination of the cause of AKI are reviewed in greater depth in the section on ‘Clinical
Assessment’.

An understanding of completion of an AKI episode is important for both clinical and epidemiological reasons but no
standardised definition of renal recovery has yet been formulated. The Acute Disease Quality Initiative have
proposed a definition for renal recovery for the conceptual model of acute kidney disease as well as for overt AKI,
too [69] and involves the introduction of a new stage ‘0’, itself, subdivided into three grades, ‘A’, ‘B’ and ‘C’, thus:

e Stage OA: Absence of criteria for ‘OB’ and ‘OC’ (i.e. full recovery with return to baseline SCr and no ongoing
kidney damage)

e Stage OB: SCr has returned to baseline level but there is persisting evidence of ongoing kidney damage (e.g.
new-onset proteinuria, worsened proteinuria from baseline, new-onset hypertension, worsening hypertension)

e Stage 0OC: SCr are higher than baseline but within 1.5 times baseline levels

In addition, a stage ‘O B/C’ would represent those whose SCr is < 1.5 times baseline levels but is not back at their
baseline and who have continued evidence of ongoing injury

Finally, KDIGO [19] have developed a working definition for acute kidney dysfunction (AKD), encompassing not just
AKI but also sub-acute deterioration in renal function. The proposed nomenclature fills a gap between established
CKD and AKI but its role in routine practice and its association with clinical outcomes remains unclear. It should be
noted, though, that clinical or pathological AKI may exist even though consensus criteria are not met (whether for
overt AKI or for AKD); we would, therefore, re-emphasise the importance of exercising clinical judgement when
assessing and managing any patient with deteriorating renal function even if strict diagnostic criteria are not met.

Early biomarkers of AKI

A reliance on rises in SCr does carry the risk of missed therapeutic opportunity because of the time lag between the
initiating insult and the diagnostic elevation. Considerable effort has, therefore, been expended on evaluation of a
range of early biomarkers of AKI. It is important to bear in mind what these potential candidates are actually
reflecting, though; cystatin C, for instance, is a measure of renal functional status (a “quick creatinine”) whereas
others, such as neutrophil gelatinase—associated lipocalin (NGAL) and urinary interleukin-18, are products of the
pathophysiological processes that underlie AKI and indicate active renal damage [70]. What is also evident from the
literature as a whole is that no one candidate fulfils all the desirable features of the ideal biomarker: for instance,
early detection of active renal damage, rapid reflection of changes in renal function, risk stratification, specific cut-
off values defining the presence or absence of disease, and differential diagnosis [70, 71].

A comprehensive review discusses the strengths and weaknesses of candidate biomarkers and why, after some
initial promise we are not yet in a position to make recommendations about their adoption into routine clinical
practice [71]. A Medtech innovation briefing undertaken by NICE (the National Institute for Health and Care
Excellence) [72] found no current evidence to support the use of serum or urine testing for neutrophil gelatinase-
associated lipocalin (NGAL) although the review was undertaken on a limited evidence base relevant to one,
specific commercial assay (BioPorto Diagnostics A/S, Copenhagen, Denmark). The guideline development group are
aware of a further NICE Medtech innovation briefing in development for the NephroCheck test kit (Astute Medical,
San Diego, California) which comprises a dual assay for two other kidney injury markers (TIMP-2, Tissue Inhibitor of
Metalloproteinase-2, and IGFBP-7, Insulin-like Growth Factor Binding Protein-7).
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Electronic AKI alerts

Electronic alerts for AKI have been promoted as a solution to the well documented deficiencies in AKI care [20].
Although a uniform detection algorithm is now mandated across England and Wales [20], the end-user interface
may still vary, for instance, in terms of alert intrusion, its mode of delivery and mandating of interaction. Even a
single, uniform interface may not suit all circumstances. Evidence of efficacy at this stage is limited and conflicting.

One prospective, single-centre, intensive care study found that interruptive text alerts led to more timely
intervention and more rapid resolution of AKI [73]. However, over 90% of alerts were generated for changes in
urine output, alone, suggesting that the intervention was addressing an early, pre-renal response. Moreover,
mortality and the need for renal support were unaffected. Another single-centre, parallel group study [74]
randomized patients with serum Cr-based AKI to usual care or an interruptive text alert to their clinician and found
no difference in outcome, but with some evidence of increased resource utilization. Neither study explored end-
user acceptability or the social context of their alerts. More recently, a systematic review including the above plus
four further studies, failed to find reductions in mortality or use of renal support, and described variable impact on
processes of care [75]. Finally, a digitally enabled AKI care pathway was developed, utilising a smartphone
application, clinical response team and standardised management protocol [76]. Clinical outcomes were compared
for emergency admissions between the intervention site and a further, non-intervention site with no significant
differences found in the primary outcome measure (serum creatinine recovery to <120% baseline at hospital
discharge) or a variety of secondary outcomes. There were, however, significant improvements in aspects of the
care pathway — the time to recognition of AKI and to management of nephrotoxic medication).

The need for a better understanding of those factors that improved the efficacy of alerting systems [75] and, of
relevance to this, the social aspects of AKI alerting technology were explored in a single-centre study which
undertook formal qualitative evaluations of end-user experience [77]. The alert was accepted as a potentially useful
prompt to early clinical re-assessment by many trainees. Senior staff were more sceptical, tending to view it as a
hindrance. ‘Pop-ups’ and mandated engagement before alert dismissal were universally unpopular due to workflow
disruption. Users were driven to close out of the alert as soon as possible to review historical creatinines and to
continue with the intended workflow. The study revealed themes similar to those previously described in non-AKI
settings in that systems intruding on workflow, particularly involving complex interactions, may be unsustainable
even if there has been a positive impact on care. The optimal balance between intrusion and clinical benefit of AKI
alerting requires further evaluation.

Finally, a survey of end-user acceptance of AKI alerting technology (performed as part of the above-mentioned
randomised trail [74]) found that initial approval of the technology decreased over the course of time (with each
additional 30 days, the odds of approval decreased, significantly, by 20%) and that approval was significantly
correlated with the belief that the alerts actually improved patient care [78].

Paediatric considerations (to be read in conjunction with adult guidance, above)

Definition

As discussed above, all Trusts in England and Wales have been instructed to implement a system of electronic alerts
to identify patients (including children) who may have AKI. The algorithm used by laboratory reporting systems
identifies the AKI stage based on changes in SCr and this applies to children and adults; however, AKI stage 3 in

children can also be identified when the SCr is greater than three times the upper limit of the reference range for
the child’s age and sex.
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Epidemiology

There has been little epidemiological data regarding the incidence of AKI in children. However, in a recent
publication, Sutherland et al interrogated the 2009 Kids Inpatient database of paediatric in-patients across the USA
[79]. They identified 2,644,263 children, of whom 10,322 were coded to have developed AKI (3.9/1000 admissions)
using ICD-9-CM. In-hospital mortality for children with AKI was 15.3% but was higher among infants <1month old
(31.3 vs 10.1%, P = 0.001), children admitted to the Paediatric Intensive Care Unit (PICU) (32.8 vs 9.4%; P = 0.001)
and those requiring dialysis (27.1 vs 14.2%; P = 0.001). Unfortunately the degree of granularity provided by the data
did not allow the severity of AKI to be identified.

A meta-analysis looking at the world-wide incidence of AKI found the overall pooled incidence of AKl in children to
be 33.7% with pooled AKl-associated mortality rates of 13.8% (95% Cl, 8.8 to 21.0) [80]. The AKIl-associated
mortality rate declined over time, and was inversely related to both per capita gross national income of countries
and total health expenditure expressed as a percentage of gross domestic product. Using the KDIGO definition, the
meta-analysis found that 1 in 3 children, world-wide, experienced AKI during a hospital episode of care. These
findings must, however, be tempered with the knowledge that 16 of the 24 paediatric studies included patients in
critical care or post cardiac surgery, and that study numbers were generally small.

Sinha et al, in unpublished work, applied plasma creatinine values from 1* July — 31*" December 2012 from six
centres (three tertiary and three district general hospitals) to the NHS AKI alert algorithm. Patients aged 29 days to
17 years old were included. A total of 57,278 creatinine measurements were analysed during the study period of
which there were 5325 (10.8%) AKI alerts in 1112 patients: AKI 1 (62%); AKI 2 (16%); AKI 3 (22%). The age
distribution was 222 (20%) <1y, 432 (39%) 1-<6y, 192 (17%) 6-<11y, 207 (19%) 11-<16y and 59 (5%) 16-17y. Stage 1
AKI was the predominant stage across all ages and a third of all alerts were in children under 6y.

In another, unpublished UK study from Verghese GK et al, tertiary paediatric centres reported new cases of AKI on
a single observation day (World Kidney Day, 10" March 2016). Associated clinical features and follow-up data were
recorded. AKI was defined according to the KDIGO classification. On the observation day, there were 1218 in-
patients in 8 centres. A total of 31 children (2.5%) met the definition for AKI. The majority of patients had no pre-
existing risk factors for AKI (20/31, 65%), with the leading known risk factor being congenital heart disease (5/31,
15%). Most cases of AKI were hospital acquired (21/31, 68%). The leading contributory factors were: medications
(13/31, 42%), hypotension/shock (10/31, 32%) and dehydration (10/31, 32%). The number with AKI stage 1 was
24/31 (78%), stage 2 2/31 (6%) and stage 3 5/31 (16%). As in the previous study, AKI stage 1 predominated.

AKI has been shown to significantly impact on mortality, morbidity and length of stay in PICU (Alkandari et al) [81].
A recent international, multicentre study by Kaddourah et al showed AKI to have developed in 1261 of 4683 PICU
patients (26.9%), of whom 543 (11.6%) had AKI stage 2 or 3 with a 28-day mortality of 11% in this group in
comparison to 2.5% in the remainder without severe AKI [82]. The potential value of urine output monitoring in
this group was emphasised by the finding that 67.2% of children who met diagnostic urine output criteria did not
do so for those based on SCr, alone. This study also showed progression of AKI during the course of PICU
admission, supporting the premise that early identification of AKI might allow modifications to be made to patient
management (where such opportunities exist) to protect kidneys and prevent progression in severity.

Biomarkers and risk scores

Serum and urinary biomarkers have been studied in children for some years. Most studies have concentrated on
their utility in the early identification of AKI following a planned procedure in which there is a high risk of renal
insult; this is typically after cardiac bypass surgery for complex congenital heart disease. The number of biomarkers
has increased dramatically [83], but while these studies have clearly demonstrated their value in identifying
children who will subsequently go on to develop AKI as defined by urine output or serum creatinine, there is no
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consensus as to how this information should be used to mitigate development of AKI. An alternative strategy has
been to consider if patients can be stratified by risk so that clinical management can be modified to take account of
that risk, thereby reducing renal injury. The concept of a renal angina index was developed by Basu et al [84] to
allow quantification of risk by assigning a score to the risk of developing AKI and multiplying this by measures of
injury based on renal function and urine output.

While much attention has been directed towards AKI developing in PICU, Rheault and colleagues have identified
the very significant risk of AKI in children with nephrotic syndrome [85], revealing an incidence of 58.6% in 336
children and 50.9% in 615 hospital admissions (using pRIFLE staging criteria this broke down to stage R (lowest
severity) 27.3% of admissions; stage | 17.2%; stage F (most severe AKIl) 6.3%). Exposure to medications potentially
harmful to the kidney was common and each additional relevant medication prescribed while in hospital led to a
38% higher risk of AKI; children with AKI had a longer hospital stay even after adjustment for a number of variables.
The authors advocated that clinicians caring for children with a relapse of nephrotic syndrome should consider AKI
to be the third major complication of nephrotic syndrome in addition to infection and venous thromboembolism,
and that they should be aware risk factors for AKI include steroid-resistant nephrotic syndrome, infection, and
relevant medication exposure.

Outcome

There is increasing evidence that an episode of AKI can lead to CKD. Goldstein and Devarajan discussed the
relationship between AKI and CKD in children and summarised the results of published clinical studies [86]. More
recently, Chawla et al [87] have explored the possible pathogenesis of CKD and proposed that AKI and CKD should
be considered as an interconnected syndrome. Mammen et al [88] reported on the renal outcome for 126 children
who developed AKI in a single PICU and found 10.3% had CKD after one to three years of follow up, although
interpretation of these findings was hampered by significant loss to follow up. More recently, Greenberg et al [89]
performed a meta-analysis of 10 studies comprising 346 patients in total with a mean follow up of 6.5 years (range
2-16) after AKI. They noted the studies were of variable quality, had differing definitions of AKI, and included five
studies only including patients who required dialysis. There were significant differences in the outcomes between
studies and there was no comparison with children who did not develop AKI. They reported a cumulative incidence
rate per 100 patient-years as follows: proteinuria 3.1 (95% Cl 2.1-4.1); hypertension 1.4 (0.9-2.1); abnormal GFR
(<90 ml/min/1.73 m?) 6.3 (5.1-7.5); GFR<60 ml/min/1.73 m* 0.8 (0.4 -1.4); end stage renal disease 0.9 (0.6-1.4); and
mortality 3.7 (2.8-4.5). It is, therefore, increasingly evident that children who recover from an episode of AKI
require follow-up to ensure normalisation of proteinuria, eGFR and blood pressure. The recent guidelines from the
British Association of Paediatric Nephrology, published on the ‘Think Kidneys’ web site [90], recommends all
children who recover from an episode of AKI and had requirement for dialysis, or who have persisting proteinuria
or impaired renal function at 3 months, require specialist referral.

The recent requirement for all children with AKI to be notified to the UK Renal Registry (www.renalreg.com) will, in

time, provide insights into the risk of developing CKD after AKl in childhood.

Lay summary

It could be argued that one of the most important advances in acute kidney injury (AKI) in recent years has been
the development of a uniform system for detecting (diagnosing) and staging (describing the severity of) the
condition. A consistent approach to diagnosis and staging has allowed comparison of different patient populations,
given a greater understanding of the scale of the problem and, importantly, has allowed the widespread adoption
of initiatives aimed at improving AKI care.
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In this section we describe the current definition and staging system for AKI which is based on rapid elevations in a
kidney blood test, called the serum creatinine, and on reductions in the amount of urine that is being passed.

We also describe some of the pitfalls in the use of this system.

These include uncertainty about how to determine the baseline serum creatinine (i.e. the creatinine level before
the AKI episode). This is important because we use this baseline to determine how high the creatinine has
subsequently risen and, therefore, whether AKl is actually present and how bad it is. These uncertainties may arise
because no previous blood tests are available, these blood tests were taken some time previously or there are a
number of previous creatinine levels that appear unstable.

Another potential problem with the system is the accurate measurement of urine output which is only readily
achievable in highly monitored venues such as high dependency and intensive care units and / or in patients with a
bladder catheter in place. Insertion of a bladder catheter in general ward settings cannot, generally, be justified
solely for the purpose of detecting AKI due to the risks of introducing infection.

We also describe some of the differences in the way that these diagnostic and staging criteria might apply in
paediatric patients (those under 18 years old) and in community as opposed to hospital settings.

Despite these pitfalls, an international agreement of a diagnosis and staging system for AKI represents a significant
step forward. It is likely that this system will continue to develop as more research becomes available.

In the final part of this section we discuss two related issues.

The first relates to the use of different ‘biomarkers’ for AKI — these are other urine and blood tests that detect AKI
at a much earlier stage than the blood creatinine level. Although these had shown some promise in early studies
these have not consistently been shown to be of benefit and their use is not currently recommended in routine
clinical practice.

The second issue involves the use of automatic electronic alerts which are delivered to the healthcare team —
through text message or the electronic patient record, for instance — in response to rises in patients’ serum
creatinine levels. We discuss the available evidence for the use of these systems and note a mixed picture with
some studies questioning their use.
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2. Recognition of the patient at risk of AKI
Guideline 2.1 - Adults and Paediatrics (unless otherwise stated)

We recommend that:

® patients at risk of AKI should be identified by the most appropriate risk factor profile for that population or,
where no specific risk factor profile exists, through clinical judgement and recognition of generic risk factors for
AKI; in this way, appropriate preventative measures may be instituted as early as possible (1C)

® in-patients deemed at high risk of AKI should be closely monitored for AKI, particularly if there has been a new
exposure. Urine output should be monitored and serum creatinine tested daily (for adults) or regularly (for
paediatric patients, reflecting the potential burden of venepuncture) until at least 48 hours after the period of
increased risk has elapsed (1D)

® out-patients deemed at high risk of AKI should be closely monitored for AKI if there has been a new exposure.
This should include regular monitoring of the serum creatinine until at least 48 hours after the period of
increased risk has elapsed. For paediatric patients, monitoring should be undertaken by secondary care but may
be in an out-patient or in-patient setting depending on clinical circumstances (1D).

Audit Measure 4: Regular audit of in-patients developing hospital-acquired AKI should include audits of SCr
monitoring frequency prior to each episode as a marker of surveillance of at risk individuals, recording the
percentage of patients with a SCr in the calendar day prior to the first AKI alert

Audit Measure 5: Regular audit of AKI should include its stage at first detection of that episode as an indicator of
prior surveillance of at risk patients

Audit Measure 6: Adults only: The proportion of emergency admissions having renal function checked within 6
hours of admission should be audited

Audit Measure 7: We suggest that regular audit cycles of at risk populations (emergency admissions, major non-
cardiac surgery) should be established to identify the incidence of preventable AKI. These audits should be
conducted in relation to the AKI risk factor profile operative for the population in question, where relevant. In view
of their resource intensive nature, we suggest that audits be limited to more advanced stage 2 and 3 AKI; whilst
acknowledging the clinical and prognostic impact of stage 1 AKI, limiting audits to more advanced disease is likely
to provide similar information but in a far more achievable fashion. From a practical perspective, we recommend
that over the audit period, all consecutive patients developing AKI stages 2 or 3 are identified over the first of either
a two week elapsed time period or after 20 patients have been identified. In order to avoid confounding by
recurrent or fluctuating AKI, the measure should be limited to the first detection of higher stage AKI (stages 2 or 3)
of a given admission.

The frequency of the audits 4 - 7 should be at least annual with that of re-audit driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

Rationale

The clinical need to recognise the patient at risk of AKl is readily apparent when published series suggest that up to
30% of cases of AKI may be preventable; a further significant percentage are potentially remediable through simple
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interventions such as volume repletion, discontinuing and/or avoiding certain deleterious medications and earlier
recognition of conditions causing rapid progression of AKI [1-3].

The overwhelming majority of AKI that occurs in both community and hospital settings is ‘ischaemic’ in origin [4].
Although this section is primarily relevant to recognition of the patient at risk of ischaemic AKI, a failure to address
these risk factors may adversely affect those at risk of or with AKI of other aetiologies.

The risk of developing ischaemic AKI is influenced by a variety of factors including pre-existing susceptibilities (e.g.
advanced age and CKD) and acute insults (e.g. hypovolaemia and sepsis). The distinction is somewhat artificial in
that certain factors may both increase susceptibility (e.g. the chronic prescription of medication with the potential
for renal harm but with otherwise stable renal function) and act as acute triggers (e.g. their recent administration in
a susceptible patient); the most important questions that should face the individual clinician are, therefore:

® what is the AKI risk factor profile for this patient?

® can | mitigate it?

® can |l avoid adding to it?

® can | detect incipient AKI if preventative measures fail?
What is the risk factor profile for this patient?

A range of observational studies have identified a wide variety of risk factors for AKI including advancing age,
chronic kidney disease, cardiac failure, atherosclerotic vascular disease, liver disease, diabetes mellitus, directly
nephrotoxic medication (e.g. non-steroidal anti-inflammatory drugs), renin-angiotensin system modifying drugs
(not directly nephrotoxic but affect GFR), hypotension / reduced effective circulating volume, critical iliness, burns,
trauma, sepsis, cardiopulmonary bypass, major non-cardiac surgery and black race. This list is not exhaustive —
other risk factors identified in the literature include the presence of proteinuria, malignancy, monoclonal
gammopathies, nephrotic syndrome, hypertension, current smoking status, obesity, assisted ventilation, post-
operative glycaemic fluctuations, the use of intravenous fluids, the use of diuretics, the use of benzodiazepines, HIV
and generic comorbidity, including a history of hospitalisations.

Risk factor profiling of populations at risk of AKl is clearly desirable but faces a number of difficulties.

1. Different patient populations may be described by different risk factor profiles whilst individual factors may
convey differing levels of risk.

2. The practical application of AKI risk factor profiling of individual patients cannot be viewed in isolation —
increasing pressures on front-line clinical staff include mandatory screening requirements for other conditions
such as dementia and venous thrombo-embolism risk. Risk scoring tools for AKI should therefore be practical
and sustainable - exhaustive check lists of AKI risk factors may be neither [5] and may not necessarily
discriminate the patient at highest risk of developing the condition.

3. It should be remembered that AKI risk factor profiling is intended to stimulate an appropriate response — this
becomes problematic where these tools are being applied by relatively inexperienced members of the
healthcare team who need to take into consideration the clinical nuance that separates poorly informed
iatrogenesis from recognised treatment risks [5].
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4. Once a patient’s AKI risk profile has been determined, there remains the question of how this risk is conveyed
across different shifts, teams and wards over the course of a hospital stay and how the level of risk must be
adjusted according to changes in that individual’s clinical condition [5].

Risk profiles have been described for various AKI aetiologies, including post-cardiac surgery [6], post-iodinated
radiocontrast [7], for hospital-acquired AKI [8, 9], intensive care unit AKI [10], following general surgery [11, 12],
following percutaneous coronary intervention [13] and for aminoglycoside antibiotic-induced AKI [14]. Most,
however, have not been externally validated and many are compromised by non-consensus definitions of AKI.

Some specific examples and considerations, follow.
Cardiac surgery

Risk stratification scores have been described in the cardiac surgery population albeit in relation to varying
definitions of AKI. External validation of a number of these scores have been conducted across a number of study
populations (see reference [15]) although poor calibration, affecting estimates of the true risk of AKI, have also
been demonstrated [16, 17].

The Cleveland Clinic risk factor profile [6] has been externally validated for both the original outcome (AKI requiring
renal support) as well as for AKI diagnosed by consensus definition (see reference [15]); it comprises:

® Female gender

® Congestive heart failure

® |eft ventricular EF <35%

® Preoperative use of intra-aortic balloon pumping

® COPD

® |Insulin-requiring diabetes

® Previous cardiac surgery

® Emergency surgery

® Valve surgery only (reference to CABG)

® CABG + valve (reference to CABG)

® Other cardiac surgeries

® Raised preoperative sCr (1.2 to <2.1 mg/dL, with greatest risk conferred with sCr > 2.1 mg/dL)
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Additional risk factors found in certain other studies include [18]:

® peripheral vascular disease

® cardiogenic shock

® cross-clamp time.

® cardio-pulmonary bypass time

® pulsatile versus non-pulsatile bypass flow

® normothermic versus hypothermic bypass

® on-pump versus off-pump coronary artery bypass surgery

® intentional haemodilution

lodinated radio-contrast

The Mehran scoring system for contrast-induced nephropathy has been validated against external populations [7].
For further discussion, please see relevant joint guidelines [19].

Emergency admissions population

Until recently, the risk factor profile of one of the largest patient groups admitted through UK hospitals —
undifferentiated emergency admissions — had not been well studied.

To this end, Roberts et al [20] examined the prevalence of conventional AKI risk factors on four, South Wales
emergency medical admissions units in order to develop and validate a risk assessment tool. They found the
prevalence of AKI risk factors to be 2.1 + 2.0 per patient with a positive relationship between the number of risk
factors and age. Including age > 65 years amongst the risk factor profile, 84% of those who went on to develop AKI
had at least 2 risk factors in comparison to 55% of those who did not. A modified risk factor profile was
constructed, incorporating the most prevalent factors in their patient cohort and including hypotension and sepsis
as ‘non-fixed’ factors. Importantly, this profile performed no better than age, alone, as a predictor of AKlI when
subject to receiver operating curve (ROC) analysis. Neither model’s performance was better than ‘fair’ on area
under the ROC curve analysis, though. Noting the study of Finlay et al [21], which found acute medical unit patients
with at least 2 risk factors for AKI to have a 7.1-fold increased risk of AKI compared with those with one or none, a
similar approach in their own patient cohort (i.e. without exclusion of low prevalence risk factors) would have failed
to discriminate those at highest risk with 63% being categorised in the high risk group and 89% aged > 65 years.

One limitation of the Roberts study was the limited array of variables studied reflecting acute physiological
disturbance. In a single centre, observational study, Forni et al [22] derived an AKI risk score for their own medical
admissions unit patient population in West Sussex using both ‘fixed’, pre-existing risk factors and physiological
variables. Of the latter, respiratory rate and disturbed consciousness remained significant risk factors in their
multivariate logistic regression model. Model performance by area under the ROC curve analysis was similarly ‘fair’
at 0.76.
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The utilisation of physiological variables was further explored in the RISK study, a prospective multicentre cohort
study across 72 UK acute medical units collecting data from all patients aged 18 years or older presenting over a 24
hour period [23]. Of the 2,446 patients studied, 384 (16%) sustained an AKI, 25% of which were hospital-acquired
(AKI after the first 24 hours of hospital admission). After excluding those with community-acquired AKI, receiving
chronic dialysis, or with < 2 in-patient SCr measurements, a study population of 1,235 remained. CKD, diuretic
prescription, a reduced haemoglobin and raised serum bilirubin (but not markers of acute physiology) were
independently associated with the development of hospital-acquired AKI but multi-variable model discrimination
was only moderate (c-statistic 0.75); in the authors’ view, results did not support the development of a robust AKI
prediction scoring tool although alternatives, such as more targeted risk assessments or automated risk calculation
were suggested.

With the potential for automation in mind, a single-centre, US study used electronic health records to develop a
risk prediction model for in-hospital AKI [24]. Of note, the tool did not integrate physiological markers of illness
acuity. Its complexity, although precluding routine bedside use, potentially facilitated electronic alerting of AKI risk
because of the automated nature of data sourcing.

Major, non-cardiac surgery
Although risk factor profiles have been described in this setting, none have been externally validated.

Wilson et al, for instance, undertook a systematic review of risk prediction tools for AKI following major, non-
cardiac surgery [25]. C statistics across the 7 identified models of 0.79 to 0.90 indicated fair to strong performance
although none of the tools was externally validated, some used non-standard definitions for AKI and all bar one
focused on major hepato-biliary surgery (including post-liver transplantation). The study of Grams et al [12],
published at around the same time and not included in the systematic review, described a retrospective,
observational cohort analysis of US Veterans Administration recipients of major surgery (including cardiac
procedures). Of 161,185 major surgery hospitalisations, 11.8% developed AKI by KDIGO SCr criteria, with the
highest incidence after cardiac surgery (relative risk [RR], 1.22) followed by general (RR,1; reference) and thoracic
surgeries (RR, 0.92); ENT procedures carried the lowest level of risk (RR, 0.32). Older age, male sex, African
American race, diabetes, hypertension and BMI (if > 25 kg/m?) were associated with an increased risk of AKI in the
population as a whole and across most surgeries. Also important appeared to be lower eGFR, when eGFR was < 90
ml/min/1.73m’, and liver disease. Although the generic applicability of well described risk factors across surgical
types is reassuring, the study comes with the following caveats: the influence of components of the risk factor
profile varied across surgery type (e.g. diabetes had particular impact in orthopaedic surgery), malignancy had a
prominent influence in urological surgery, and, of note, eGFR showed a non-linear relationship to AKI risk with
values > 90 also conferring increased risk. Possible explanations for the latter included the disproportionate impact
of laboratory variability or fluctuations in volume status, or intrinsic frailty conferred by low muscle mass. The
population was predominantly male (96.3%) and also excluded those with eGFR < 60 at the time of cohort inclusion
— although patients whose eGFR subsequently dropped below this between this time and their surgery were
retained, this exclusion may have dampened the influence of CKD as a risk factor for AKI.

Hospital-acquired AKI

This domain clearly overlaps with more disease-specific categories, noted above and the utility of any risk scoring
tools generated from it will, in our opinion, be much more subject to under-performance due to variability in
organisational case mix. Nevertheless, given its scale, it is worthwhile noting the study of Cronin et al [9], who
published a retrospective cohort study across 116 Veterans Affairs hospitals in the US using electronic health
record data to identify predictors of hospital-acquired AKI and test the utility of different risk prediction modelling
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methods. Involving nearly 1.6 million subjects, the study explored both conventional and novel potential risk
factors. Using the preferred modelling technique — lasso regression — multiple risk factors were found to be
significant including various sulfa and aminoglycoside antibiotics, vancomycin, intravenous fluids given in the 1* 48
hours of the hospitalisation, black race, renin-angiotensin system modifying agents, all types of diuretics,
benzodiazepines, HIV and hypertension. Area under the receiver operating characteristic curve values for non-
dialysis AKI of ~ 0.71 — 0.76 suggested fair performance of the predictive models. We note, however, that the
nature of the patient population introduced a clear skew in terms of gender with ~ 96% being male.

Use of physiological variables

Bearing in mind the potential utility of physiological variables as markers of AKI risk, we note a recent two-centre,
US study developing an ICU admission prediction tool for AKI [26]; both pre-existing co-morbidities and acute
patho-physiology were incorporated. Area under the ROC curve value for the external validation cohort was good
at 0.81. The positive and negative predictive values for the optimal cut-off score for this cohort were 31.8 and
95.4%, respectively. Given the low positive predictive value, the practical utility of this tool in this intensively
monitored clinical setting, is, however, unclear.

Thus, there are many unanswered questions about patients and populations at risk of AKI but there is also an
imperative to heighten awareness of this risk to mitigate the well-established burden of preventable disease. To
this end, in the majority of settings where a specific, validated risk scoring tool has not yet been established, NICE
recommendations on AKI risk assessment for adults with acute illness in both hospital and community settings
(table 2) and adults about to undergo surgery (table 3) [27] should be followed.

An important caveat to the use of these risk factor profiles is that they were derived, not from the larger body of
observational data but from the small numbers of studies, available at the time, aimed at developing AKI risk
scores, supplemented by NICE expert group consensus opinion. Clinical judgement should, therefore, be exercised
in applying these tools in clinical context. These risk factor profiles are, also, not exhaustive and we would
emphasise the need for clinical vigilance for other well established susceptibilities such as multiple myeloma and
burns. Finally, risk factors for community-acquired AKI are not clear with most data derived from hospital settings
[28]. It seems reasonable, though, to consider AKI risk in the community-based patient in a similar way to their
hospitalised counterparts until there is greater clarity about any real differences in risk factor profiles.

We believe that one-size-fits-all risk prediction tools, even for disease-specific settings, are unlikely to materialise in
the near future. As such, we also believe that robust, AKI educational programmes should include discussion of the
complexities and nuance in the identification and management of the at risk patient and of the need to seek senior
and / or more experienced input, where required.
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Table 2

Assess the risk of AKI in adults with acute illness (in hospital and community settings). Be aware that
increased risk is associated with:

e chronic kidney disease (adults with an estimated glomerular filtration rate [eGFR] less than 60
ml/min/1.73 m2 are at particular risk)

e heart failure

e liver disease

e diabetes

e history of acute kidney injury

e oliguria (urine output less than 0.5 ml/kg/hour)

e neurological or cognitive impairment or disability, which may mean limited access to fluids because of
reliance on a carer

e hypovolaemia

e use of drugs with nephrotoxic potential (such as non-steroidal anti-inflammatory drugs [NSAIDs],
aminoglycosides, angiotensin-converting enzyme [ACE] inhibitors, angiotensin Il receptor antagonists
[ARBs] and diuretics) within the past week, especially if hypovolaemic

e use of iodinated contrast agents within the past week

e symptoms or history of urological obstruction, or conditions that may lead to obstruction

® sepsis

e deteriorating early warning scores

® age 65 years or over
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Table 3

Assess the risk of acute kidney injury in adults before surgery. Be aware that increased risk is associated
with:

e emergency surgery, especially when the patient has sepsis or hypovolaemia

e intraperitoneal surgery

e chronic kidney disease (adults with an eGFR less than 60 ml/min/1.73 m2 are at particular risk)
e diabetes

e heart failure

® age 65 years or over

e |iver disease

e use of drugs with nephrotoxic potential in the perioperative period (in particular, NSAIDs after surgery)

Most recently, a deep learning approach to AKI prediction has been developed [29]. Utilising a large and diverse
(but largely male) U.S. Veterans Administration population covering both in- and out-patient practice, the model,
applied longitudinally to individual electronic health records, sequentially updated the risk of in-patient AKI
occurring within the subsequent 48 hours. Around 56% of in-patient AKI episodes were predicted within this time-
frame but with two false positives for every one true alert. Reflecting this, although the area under the ROC curve
suggested excellent performance of the model at 92.1%, that for the precision-recall curve (which does not
incorporate the large number of true negatives so avoids their unbalancing influence) was only 29.7 % indicating
that performance was, actually, not as favourable. Interestingly, though, of the false positive alerts, 24.9% occurred
in patients who went on to develop AKI after the 48 hour time-frame, with 57.1% of these having pre-existing CKD.
The role of deep learning in risk model development clearly needs refinement in alternative populations and in the
context of real-life clinical practice but does offer intriguing insights into how AKI risk prediction tools may evolve.

Can | mitigate the risk factor profile for this patient? Can | avoid adding to it?

This is covered in the ‘Management’ module of this guideline. As noted above, though, the potential complexity of
clinical decision making may require the input of more experienced and/or senior practitioners.

Can | detect incipient AKI if preventative measures fail?

Once a patient is deemed to be higher risk for AKI, we recommend that renal function should be monitored more
closely, particularly after exposure to additional insults. Such patients should undergo regular serum Cr
measurements (at least daily, if in-patients) until at least 48 hours after the risk factor profile has improved because
of the potential lag time in developing a diagnostic serum Cr rise. We also recommend that urine output be
monitored over periods of higher AKI risk in in-patients although whether bladder catheterisation is undertaken will
depend on the clinical judgement of the balance of the risk of infection versus the benefits of accurate, hourly
surveillance.
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Further work is clearly needed both to define the different AKI risk factor profiles for different patient populations
and on how best to apply these to individual patients in different clinical settings. Our recommendations and audit
measures are laid out with these issues in mind.

Paediatric considerations (to be read in conjunction with adult guidance, above)
Rationale

Certain paediatric patient groups are at increased risk of AKI [30]

High risk population

® Chronic kidney disease

® C(Cardiac conditions

® liver disease

® History of previous acute kidney injury
® Malignancy

® Bone marrow transplant

® Young age, neurological or cognitive impairment or disability which may mean limited access to fluids because
of reliance on a parent or carer

® Use of drugs with potentially deleterious to renal function (e.g., ACE inhibitors, ARBs, NSAIDS, diuretics,
aminoglycosides, calcineurin inhibitors)

® Symptom or history of urological obstruction or conditions that may lead to obstruction

High risk situations

® History of reduced urine output

® Sepsis

® Deterioration of paediatric early warning score

® Hypoperfusion or dehydration

® Exposure to drugs or toxins known to be potentially deleterious to renal function
® Renal disease or urinary tract obstruction

® Major surgery or trauma

® Severe diarrhoea especially bloody diarrhoea

Consider using a paediatric early warning score to identify and monitor hospitalised children who are at risk of AKI.
We also recommend measuring fluid intake, urine output and weight twice daily. Consider daily measurement of
urea, creatinine and electrolytes and consider measuring lactate and blood glucose. Repeat creatinine
measurements 6-12 hourly if there is suspicion of AKI.

Seek advice from a pharmacist about optimising medications and drug dosing including reducing doses or stopping
drugs which have the potential to affect renal function.
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Lay summary

Various studies have suggested that about 30% of cases of AKI may be preventable. These results should be viewed
with some caution due to the varying definitions of AKI that were used. Nevertheless, there appear to be important
opportunities to prevent AKI from developing in a significant proportion of cases through, for instance, avoiding or
discontinuing certain drugs that may affect kidney function and ensuring that higher risk patients are well hydrated.

We describe a number of recognised risk factors for AKI that have been revealed in various studies. These include,
increasing age, certain medications, diabetes, heart and liver failure, and chronically damaged kidneys.

Unfortunately, although a range of risk factors can be described for a specific group of patients, these do not
necessarily apply to other patients. In addition, many of these risk scoring systems do not discriminate those
patients who are at highest risk of the condition and also identify large numbers of patients who may have at least
some level of risk (particularly as a result of increasing age). This clearly complicates the clinical decisions that need
to be made when considering treatment options for individual patients. It also highlights the need for further
research to develop risk scoring systems that can be applied across different patient groups and can also stratify
the level of risk for any one individual patient.

Whilst these tools are in development, we emphasise the need for an individualised approach to identifying and
managing the patient at risk of AKI based on the following 4 questions:

® what AKI risk factors does this patient have?
® can | reduce this risk?
® can | avoid adding to this risk?

® am | able to detect AKI as early as possible if preventative measures fail (through frequent monitoring of kidney
blood tests and urine output)?
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3. Clinical Assessment

History, Examination
Guideline 3.1 — Adults and Paediatrics (unless otherwise stated)

We recommend that:

all patients with AKI have an appropriate history and examination performed to help determine the cause of the
episode of AKI. (1D)

® adults only: all patients with progressive AKI should be re-assessed, particularly if the course is atypical (1D)

® paediatrics only: all patients with progressive AKI should be re-assessed by a consultant, or in conjunction with
one, within 4 hours of the creatinine result, particularly if the course is atypical (1D)

® 3 diagnosis of a rapidly progressive glomerulonephritis should be considered when a patient with no obvious
cause of progressive or non-resolving acute kidney injury has urine dipstick results showing haematuria and
proteinuria, without urinary tract infection or trauma due to catheterisation — adult patients should be referred
to renal services whilst paediatric patients with AKI should already be receiving nephrology input (1D)

® patients at risk of AKI and who have suffered a significant exposure to a renal insult should undergo a relevant
assessment to ensure that exposure is limited and further insults are avoided or minimised (1D)
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® urine dipstick testing for blood, protein, leucocytes, nitrites and glucose is performed in all patients as soon as
acute kidney injury is suspected or detected unless this has already been done. The results should be
documented and it should be ensured that appropriate action is taken when results are abnormal. (1D)

® when AKI is diagnosed, its cause or presumed causes should be documented and, wherever possible,
determined. (1D)

Audit Measure 8: Proportion of patients with de novo AKI stage 2 or 3 with a documented differential diagnosis of
their AKI within 24 hours of its development. Documentation of a differential diagnosis of AKI implies that the
episode has been recognised and that a search for its cause has been initiated.

The measure is confined to AKI stages 2 and 3 as evidence suggests that most AKI 1 is self-limiting and that AKI 1
electronic alerts usually trigger at or near the maximum Cr for that particular episode; limiting audits to more
advanced disease is likely to provide similar information but in a far more achievable fashion. Timescales for
documentation of the differential diagnosis might include the period prior to biochemical evidence of AKI 2 or 3
driven, for instance, by a prior diagnostic reduction in urine output or after triggering an AKl stage 1 alert.

From a practical perspective, we recommend that the audit is performed at least annually, identifying all
consecutive patients developing AKI stages 2 or 3 over the first of either a two week elapsed time period or after 20
patients have been identified. In order to avoid confounding by recurrent or fluctuating AKI, the measure should be
limited to the first detection of higher stage AKI (stages 2 or 3) of a given admission for in-patients or after at least 4
weeks since the last episode for community-based patients.

The frequency of this audit should be at least annual with that of re-audit driven by local results from these, topic-
specific audits but also by broader AKI audit findings.

Rationale

The evidence base underpinning recommendations on history, examination and investigation is not strong and
derives, largely, from accepted consensus on best practice. Kohle et al, for instance, found that early compliance
with an AKI care bundle, augmented by use of an interruptive electronic alert, was associated with improved
hospital survival and reduced disease progression [3]. However, as only ~12% of care bundles were actually
completed within 24 hours, the broader applicability of these findings remains unclear. Nevertheless, it seems
reasonable to promote the care bundle concept, particularly as difficulties in implementation are, we feel, most
likely to relate to human and organisational factors [4]. One example of such a package is the “Recommended
Minimum Requirements of a Care Bundle for Patients with AKI in Hospital”, published by the Think Kidneys
collaboration between NHS England and the UK Renal Registry [5], and which forms the basis of the present
recommendations on history, examination and investigation.

The application of such guidance, however, represents a balance between the ideal and the pragmatic — a patient
with self-limiting stage 1 AKI may not require the same detail of assessment as one with progressive disease of
uncertain aetiology; this will be expanded upon, below.

Acute kidney injury is most frequently caused by ischaemic, septic or pharmacological insults although identifying a
precise aetiology can often be difficult as there may be multiple contributory factors in individuals with multiple
different risk factors. Nevertheless, a systematic effort at identifying insults and risks, through structured clinical
assessment, is important both to highlight treatment opportunities (to mitigate disease severity) and uncover less
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common aetiologies (which may require specialist input). Certainly, the possibility of a rare cause of AKI may not be
immediately evident in the busy, non-specialist setting and may lead to delayed diagnosis. Remaining mindful of a
few rules of thumb may help identify such cases in a more timely fashion:

® there should be evidence of a clear insult or set of insults that explains this case of AKI

® if there are no clear insults, are there any other factors that point to a rarer cause (see appendix 4 in the
Minimum Care Bundle)?

® ischaemic, septic and nephrotoxic renal insults should show evidence of renal recovery (plateauing of SCr,
increase in urine output) 1 — 3 weeks after the initiating insult provided there are no further insults or if AKI has
occurred on the background of already advanced CKD

As AKI stage 1 is often self-limiting we recognise the need for balance between a full and comprehensive
assessment and a more pragmatic approach provided re-evaluation is undertaken if disease progresses or if there
are unusual features that require a more in-depth review. For instance, it may be entirely reasonable to defer renal
tract imaging in the patient with clear septic AKI provided re-evaluation occurs if the disease course proves atypical.
These more nuanced approaches clearly depend on the kidneys remaining a key consideration over the course of
the AKI episode (and beyond, after recovery) and requires clear and consistent handover across clinical teams to
maintain oversight.

With this in mind, a relevant history — included as part of the overall evaluation of the patient - would include:

® Review of AKI risk factors (see tables 2 and 3, under ‘Recognition of the patient at risk of AKI’)
® Review of possible precipitants, including:
® reduced fluid intake

® increased fluid losses / sequestration including symptoms suggestive of hypovolaemia / hypotension (thirst,
postural dizziness, cramps, etc.)

e full medication history (prescribed, iodinated contrast, over-the-counter agents, herbal remedies,
recreational drugs)

® recent procedures (e.g. vascular intervention raising the possibility of cholesterol embolism)
® history of urinary tract symptoms

® history suggestive of sepsis

Symptoms of a less common cause of AKI may be apparent (e.g. vasculitis; see also appendix 4 in the ‘Minimum
Care Bundle’) but in the absence of a clear precipitant or if the AKI episode follows an atypical course, these should
be specifically sought out.

Clinical examination should seek to confirm the above:
® Evidence of AKI risk factors (e.g. vascular disease, chronic liver disease, diabetic microvascular complications)
® Evidence of possible precipitants, including:

® Haemodynamic (including volume) assessment

® Evidence of obstruction (e.g. palpable bladder, enlarged prostate, abdominal or pelvic mass)
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® Evidence of sepsis

® Reagent strip urinalysis

Signs of a less common cause of AKI may be apparent (e.g. vasculitis; see also appendix 4 in the ‘Minimum Care
Bundle’) but in the absence of a clear precipitant or if the AKI episode follows an atypical course, these should be
specifically sought out

In more detail, examination to assess volume status would include:

® BP including postural BP (sitting-lying if patient unable to stand) — comparison to pre-morbid and pre-AKI
readings

® pulse rate trends

® capillary refill

® Jvp

® the presence / absence of a 3™ heart sound, pulmonary or peripheral oedema

® the presence / absence of signs such as reduced skin turgor (over forehead, sternum), furrowed tongue, dry
mucous membranes and axilla, and, in infants, a depressed fontanelle

® chart review for serial weights, input-output charting

One systematic review, published in 1999, examined the role of physical assessment in determining volume status.
Ten studies were identified in euvolaemic healthy volunteers, some of whom underwent phlebotomy of pre-
specified blood volumes of up to 1150 mL [6]. Severe postural dizziness, precluding measurements in the standing
position, and postural changes in pulse rate of at least 30/min lacked sensitivity for moderate blood volume loss
(450 — 630 mL) although for severe blood loss (630 — 1150 mL), these clinical findings were highly sensitive and
specific (= 97%). Supine hypotension and tachycardia were, however, often absent even when volume loss was
severe. The review also identified four studies of emergency admission patients with suspected hypovolaemia due
to diarrhoea, vomiting or poor oral intake [6]. Dry axillae had a modest positive likelihood ratio (2.8; 95% Cl, 1.4-
5.4) and moist mucous membranes together with an un-furrowed tongue, a modest negative likelihood ratio (0.3;
95% Cl, 0.1-0.6) for a diagnosis of volume depletion. Thus, for any level of volume loss that is less than severe,
individual markers of volume status perform only moderately well, at best, emphasising the need for holistic
evaluation, as described above.

Another important facet of volume assessment is observation of the therapeutic response.

Evidence of improving renal function in response to improved renal perfusion (through fluid and/or vasopressor
therapy) may not only give insights into volume status but also underlying pathology by helping distinguish
between pre-renal acute kidney impairment and established acute kidney injury. However, markers of improved
renal function (increased urine output, falling SCr) lag behind the therapeutic intervention at least to some degree,
so the immediate goal should be the haemodynamic rather than renal response; this is discussed in more detail
under ‘Management of the patient at risk of or with AKI’, but the reader’s attention is drawn towards the following
points made in 2012 KDIGO guidance [7]:

® static measures of pre-load (e.g. central venous pressure, pulmonary capillary wedge pressure) are not
consistent predictors of the response to volume, especially in critically unwell patients — this is discussed in
greater detail in reference [8],
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® this arises because the Frank-Starling relationship, describing the impact of pre-load on stroke volume, also
depends on cardiac contractility and will, therefore, be specific to that individual [9]

® only a fluid challenge will determine at which point on the Frank-Starling curve an individual’s heart is working
at

® this fluid challenge may be as an administered bolus (e.g. 500 mL of intravenous crystalloid [7]) although this
risks tipping the oliguric / anuric patient into fluid overload

® an alternative is the passive leg raise which can help predict fluid responsiveness in the critically ill [10]

® finally, the cyclical alterations in pre-load, induced by mechanical ventilation, can suggest whether a given
patient’s heart is functioning on the steep, initial portion of the Frank-Starling curve (i.e. potentially volume
responsive) or whether the relationship has plateaued; cyclical variability in arterial pulse pressure of at least
13% suggests the former [11]

AKl may be arise when intra-abdominal pressures are elevated beyond ~ 20 mmHg (e.g. after high volume fluid
resuscitation, or abdominal trauma / surgery) and, in these circumstances, monitoring of these pressures may be
useful [7]. The role of other, more complex technologies in aiding volume assessment (e.g. ultrasound
measurement of inferior vena cava filling, echocardiography and other functional haemodynamic monitoring
modalities) will be discussed in the ‘Management of the patient at risk of or with AKI’ section of the guideline / is
beyond scope for this guideline although further detail is given in reference [12].

If renal failure is severe, there may be evidence of the uraemic syndrome on history and examination (e.g. metallic
dysgeusia, anorexia, malaise, pruritus, pericardial rub, encephalopathy) although this will largely occur on a
background of more indolent, severe, pre-existing CKD.

Patients with established AKI require ongoing review; at a minimum, daily volume assessment is required although
more comprehensive examination, along with re-evaluation of the history, may be required if the episode is
progressive, prolonged and / or atypical.

In addition to bedside observations appropriate to the patient’s physiological score (e.g. NEWS — the National Early
Warning Score), we recommend that patients undergo regular (daily) weights, at least daily measurements of
postural BP and accurate fluid balance charting. Vigilance should be maintained for sepsis along with daily
medication review and appropriate nutritional surveillance.

Finally, we recommend that those patients at risk of AKI or who have undergone a significant exposure (to a
potential renal insult; see ‘Recognition of the patient at risk of AKI’) that raise their level of risk should undergo a
relevant clinical assessment. At a minimum, we suggest that this should comprise a review of their current
prescription and regular haemodynamic assessments.
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Investigations
Guideline 3.2 — Adults and Paediatrics (unless otherwise stated)

We recommend that:

® all patients with AKI should have appropriate baseline investigations performed. These should include urinalysis
and a renal tract ultrasound within 24 hours (unless a clear cause of AKl is apparent or AKI is improving), and
within 6 hours if pyonephrosis is suspected or there is a high index of suspicion for urinary tract obstruction.
(1D)

® adults only: hospital in-patients with newly diagnosed AKI should have their urea and electrolytes monitored at
a minimum frequency of once daily (unless more frequent testing is indicated; e.g. for hyperkalaemia
management) until renal function has returned to baseline or has stabilised, and then regularly, thereafter, in
order that progressive or recurrent AKI may be detected in a timely fashion (1D)

® paediatrics only: when AKI is detected, serum creatinine should be checked, regularly, until completion of the
AKl episode and, depending on remaining risk factors for AKI, thereafter, to allow timely detection of
progressive or recurrent disease — the frequency of monitoring will rely on clinical judgement and the balance
between optimal monitoring and the burden of over-frequent venepuncture. (1D)

® adults only: patients with newly diagnosed AKI who are managed in the community should have their urea and
electrolytes monitored regularly until renal function has returned to baseline or has stabilised in order to detect
progressive or recurrent AKl in a timely fashion (1D)

Audit Measure 9: Proportion of patients who had urinalysis performed within 24 hours of the diagnosis of AKI
unless anuric or incontinent of urine®

Audit Measure 10: Proportion of hospitalised patients developing AKI secondary to obstruction who had a renal
ultrasound examination < 24 hrs after a diagnosis of AKI established (< 6 hours after diagnosis if pyonephrosis)”

Audit Measurell: Adults only: Proportion of in-patients with newly diagnosed AKI who have at least daily urea and
electrolyte monitoring to the first of 5 days after AKI established or the end of that hospital episode®

The frequency of the audits 9 - 11 should be at least annual with that of re-audit driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

? |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1). Timescales
for urinalysis may extend up to 7 days prior to the AKI episode - routine urinalysis at the time of emergency
admission would suffice for a subsequent in-hospital AKI if this occurs within 7 days. Audit outcome options would
include “not applicable” for patients who are anuric or incontinent of urine.

® Case identification would be through admission ICD-10 codes for obstruction (N13.0 — N13.6, N13.8, N13.9) in
combination with the first AKI alert of that admission. Audit outcome options would include “not applicable” for
AKI events that are not deemed to be associated either clinically or temporally with the obstruction.

 An automatable indicator of adequate surveillance for deteriorating disease.
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Rationale

At a minimum, although many of these investigations will have been performed as part of their overall clinical
management, all patients with AKI should have a full biochemical profile (i.e. including liver function and bone
chemistry) and full blood count checked and, if in-patients, should undergo daily monitoring of urea and
electrolytes until resolution of the episode (i.e. a return to actual or presumed baseline renal function or
establishment of steady state renal function). For patients who continue to be managed in primary care, the
frequency of blood testing will be driven by the balance between clinical need and practicality — this will be subject
to the clinical judgement of the individual or team managing that patient.

We also recommend that serum lactate and arterial blood gases should be checked if severe sepsis is present (in
keeping with standard practice) or if hypoperfusion is suspected.

We suggest that it would be good practice to continue monitoring renal function of in-patients on a daily basis even
after full resolution of the AKI episode as this has marked that patient out as at higher risk of a recurrence. A clinical
decision on how long frequent monitoring continues will depend on the length of stay, burden of frequent blood
testing and susceptibility to AKI recurrence based on the overall risk factor profile. The role of point-of-care renal
function testing remains unclear although it may have a role in certain settings when rapidity of resulting may
affect management decisions [13].

Where obstructive (post-renal) AKI cannot be excluded, we recommend that renal tract imaging be performed
within 24 hours, although this should be undertaken within 6 hours if there is a possibility of pyonephrosis or a high
index of suspicion for obstruction. Imaging will usually be in the form of renal tract ultrasound which should also be
undertaken as a prelude to renal biopsy unless renal anatomy has been recently determined by an alternative
imaging modality.

The need for renal tract ultrasound evaluation in AKI was examined in a retrospective, cohort study of patients [14]
in which a risk stratification tool was developed to identify the likelihood of hydronephrosis or hydronephrosis
requiring intervention. Although a number of factors were identified indicative of low risk, interpretation of study
findings was complicated by it being single-centre, that it used a non-standard definition of AKI (a peak rise in
serum CR level of at least 0.3 mg/dL from baseline during inpatient admission), and that only a proportion of all AKI
patients were actually included.

The Think Kidneys ‘Minimum Care Bundle’ [5] includes recommendations on the investigation of the patient with
AKI including those for less common causes of AKI if the history and examination are suggestive (see above and
appendix 4 in the ‘Minimum Care Bundle’); however, in the absence of a clear precipitant or if the AKI episode
follows an atypical course these rare causes should be specifically sought out.

A rationale for some of the key investigations, follows.

Ultrasound has a high sensitivity (90 — 98%) but lower specificity (65 — 84%) for the diagnosis of upper tract
obstruction [7] although this may not be evident either in its early stages (within the 1* 8 hours or so, due to initial
non-compliance of the system [7]) or because the patient is not producing enough urine for dilation to occur. If
there remains a high index of suspicion or if no clear aetiology for the episode of AKI has been identified, repeat
imaging should be considered. Ultrasound does not, generally, provide sufficient detail to identify the exact site of
the obstruction so alternative imaging modalities are usually needed. Antegrade or retrograde pyelography, and
non-contrast CT can provide this detail although the latter does not allow treatment (i.e. ureteric stenting or
percutaneous nephrostomy insertion) at the same sitting. In addition, a plain KUB X-ray may be needed to pick up
obstructing stones that are too small to be picked up by ultrasound. Further, renal Doppler studies may be helpful
in suggesting a diagnosis of macro-vascular arterial or venous occlusion (for instance, in the setting of acute flank
pain, anuria, background atrial fibrillation, etc.) and indicate the need for more detailed angiographic imaging and
intervention; however, the technique’s role in differentiating pre-renal and ischaemic AKI (due to overlap in the
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renal resistive index between the two [7]) or in guiding haemodynamic therapy, is unclear [15]; one study of
critically ill patients with sepsis or poly-trauma, however, did demonstrate that the 1* ICU day renal resistive index
was a significant predictor of AKI stages 2 or 3 by day 3 [16]. Finally, the ultrasound finding of small (< 10cm in
bipolar length in adults) or asymmetric kidneys (> 1cm difference in bipolar length between each side) can suggest
pre-existing renal disease (CKD, reflux nephropathy, renal vascular disease, etc.) but, of course, cannot exclude
superimposed AKI.

Dynamic nuclear imaging studies may have a role in diagnosing the cause of AKI but interpretation may be
problematic if renal dysfunction is advanced or the patient is oliguric or anuric. Similarly, computerised tomography
may be useful in detailing more complex pathology associated with obstruction but would not be the first line of
investigation to exclude it for reasons of resource and radiation load. These, and other imaging techniques, are
discussed in more detail in reference [17].

The possibility of infection is likely to have been assessed as part of overall clinical management with appropriate
cultures and imaging. However, in addition, patients with AKI are at higher risk of developing infection so we
recommend that vigilance for sepsis should be maintained through bedside observations and suggest that these be
supplemented with regular monitoring of inflammatory markers over the course of the episode.

The finding of blood and protein on urinalysis should prompt not only urine culture to rule out infection but also
careful microscopy of a freshly collected sample to look, in particular, for red cell casts, implicating a glomerular
origin for the haematuria. Ideally, the sediment of a centrifuged sample (e.g. for 5 minutes at 1,500 rpm) should be
examined as this is likely to provide a greater yield. The presence of dysmorphic red cells on urine microscopy can
also suggest the possibility of glomerular origin haematuria although the reliability of this finding has been
questioned [18].

Haematuria may also be found in cases of lower urinary tract obstruction often in association with tumours and
less commonly associated with calculi, infection or severe renal ischaemia due to arterial or venous thrombosis.
Characteristically myoglobinuria and haemoglobinuria will cause a positive reagent strip reaction for haematuria
without evidence of red cells on urine microscopy.

Microscopy of the urine of patients with Ischaemic AKI (“ATN”) may show tubular epithelial cells and coarse
granular casts, which may, typically, be “muddy brown” in appearance. One observational study examined the
utility of urine microscopy in differentiating between ATN and pre-renal impairment. A urine scoring system was
developed, based on the presence and number of granular casts and tubular epithelial cells and was found to be
highly predictive of a final diagnosis of ATN [19]. A high score (i.e. with large numbers of casts and / or epithelial
cells) combined with an initial diagnosis of ATN resulted in a very high positive predictive value and low negative
predictive value for a final diagnosis of ATN. Conversely, a low score and initial diagnosis of pre-renal AKI had a
negative predictive value of 91%. Importantly, though, the final diagnosis against which test performance was
judged was clinical and not histological. Although increasing diagnostic confidence (as discussed in reference [7]),
the practical utility of this scoring tool must be questioned when securing a sufficiently experienced microscopist
may be time that should be spent confirming the response to volume or vasopressors. In addition, the potential
that a pre-renal state and overt tubular damage may co-exist [20] should sound a note of caution in interpreting
the management implications of positive urine microscopy.

A systematic review examined the roles of urine microscopy and biochemistry in septic AKI [21] but significant
heterogeneity and serious limitations across the available literature prevented any clear conclusions on the utility
of these investigations. More recently, a prospective, observational, two centre study of critically ill adults found
that a urine microscopy score (again, based on quantification of observed renal tubular cells and casts) was
significantly higher in septic than non-septic AKI of equivalent severity but also was predictive of worsening AKI
[22]. Again, whether this observation, if replicated, might have clinical applicability very much depends on both
logistics — as discussed — but also whether differentiating septic and non-septic AKl is clinically relevant.
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The possibility of rarer causes of AKI may be suggested by a lack of one or more clear renal insults, an atypical time
course or the presence of associated features (appendix 4 in the ‘Minimum Care Bundle’). Investigations should
target the likely differential diagnosis but could include an immunology screen (autoantibodies, including anti-
neutrophil cytoplasmic antibodies, anti-nuclear antibodies and anti-glomerular basement membrane antibodies,
and complement levels), myeloma studies, anti-streptolysin O titres if a post-infectious acute glomerulonephritis is
suspected, and serum creatine kinase levels if rhabdomyolysis is suspected. Increased numbers of white cells are
non-specific but, particularly in the presence of white cell casts, can suggest an interstitial nephritis or
pyelonephritis. Eosinophiluria is usually associated with the presence of an acute interstitial nephritis but can have
other aetiologies, including cholesterol embolization, UTI, glomerulonephritis and schistosomiasis [23]. Because of
this wide differential, the poor sensitivity for a diagnosis of drug-induced acute interstitial nephritis [23] and
because cases included in published series did not have histological corroboration, the usefulness of eosinophiluria
as a diagnostic feature is questionable.

The finding of crystalluria on polarised microscopy of freshly collected urine, whose pH is known, may provide
evidence indicative of renal nephrotoxicity as a result of, for example, ethylene glycol poisoning (oxalate), tumour
lysis syndrome (urate) or a variety of drugs including sulphonamides, acyclovir, triamterene, indinavir and
phosphate-rich laxatives.

The role of urinary electrolyte measurement in determining the aetiology of an episode of AKI remains unclear. In
pre-renal disease (i.e. acute kidney impairment rather than injury) there is increased urinary sodium reabsorption.
This should be reflected by a low urine sodium concentration and a low fractional excretion of sodium (FENa,
where FENa = (urine Na* x plasma Cr)/(plasma Na* x urine Cr)).

However, results should be interpreted with caution.

For instance, a raised FENa may be present in patients in the pre-renal phase if concentrating ability is impaired
(e.g. in the elderly), those who have received diuretics in the preceding 24 hours, with glycosuria or in those with
underlying CKD (because of adaptive changes [7]).

In these circumstances, the fractional excretion of urea (FEUrea) has been proposed as a potentially more useful
index; in addition, release of anti-diuretic hormone (ADH) in response to rising plasma osmolality and reduced
effective circulating volume results in increased water and urea uptake from the distal nephron and collecting duct
which should be reflected by a low FEUrea.

So, although patients with pre-renal disease not on diuretics have both a low FENa (<1%) and low FEUrea (<35%;
normal > 45%), those in a pre-renal state who have received diuretics have levels of FENa greater than 2% should
still have a low FEUrea. Once the pre-renal phase has progressed to established ischaemic AKI, both the FENa and
FEUrea should then be raised.

Unfortunately, studies conducted attempting to validate the use of FEUrea have yielded mixed results with findings
favouring the use of FENa over FEUrea in the absence of diuretics (but not when they had been used) [24],
suggesting the superiority of FEUrea over FENa, particularly if diuretics had been administered [25], showing that
FEUrea has insufficient discrimination to justify clinical use [24, 26, 27] and, finally, suggesting that FEUrea was both
sensitive and specific in discriminating between transient and more persistent AKI, particularly if diuretics had been
used [25, 28]. A multi-centre critical care study showed neither urinary indices at the start of ICU admission nor the
change in them by 24 hours were sufficiently discriminating [29].

These mixed results should be viewed in the context of variations in definitions of AKI, itself, and in the way that
transient and persistent AKI were differentiated. In practice, though, the use of urinary electrolyte measures to
differentiate pre-renal disease from ischaemic AKl is not widespread for reasons of both practicality (the potential
time lag between test request and resulting is lost time in terms of restoration of renal perfusion) and
pathophysiologically (vulnerability to ischaemic injury is not uniform across the kidney meaning that a pre-renal
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state and overt, ischaemic AKI are not just part of a clinical continuum but may co-exist at the same time due to
different levels of vulnerability to ischaemia in different parts of the kidney [20]).

In addition, changes in urinary electrolyte composition do not differentiate ischaemic aetiologies (i.e. pre-renal
disease or ischaemic tubular injury) from other causes (e.g. acute glomerulonephritis which may show a similar
transition from initially normal to abnormal tubular function). Further, established AKI associated with sepsis may
not be associated with the typical urinary electrolyte changes that might be seen with other forms of AKI [30].
Finally, current consensus criteria for the diagnosis of hepatorenal syndrome no longer include urine sodium
retention [31].

ADH-mediated urea absorption has already been discussed, above, in the context of urinary indices but should also
lead to blood-side evidence in the form of a urea:creatinine disproportion. The utility of the blood urea:creatinine
ratio in differentiating pre-renal from established AKI is unclear, though. When converted to the same unit of
measurement (i.e. both as umol/L or both as mmol/L), a ratio > 100:1 (= blood urea nitrogen : Cr ratio > 20:1 for
non-Sl units) might suggest a pre-renal state. However, this is subject to multiple confounders including the effects
of muscle mass, diet, Gl blood loss, catabolism and drugs. Further, a recent retrospective observational study of a
population of critically ill patients showed that those with an elevated ratio actually carried a higher risk of death,
counter to the assumptions about the more benign nature of pre renal disease [32] and might suggest that relative
elevations in urea were actually reflecting something other than the ADH response. Most recently, a study of
emergency department patients (n = 60,160) found no significant differences in mean blood urea nitrogen to
creatinine ratio between those with pre-renal disease and those with AKI [33]. Further, an area under the ROC
curve analysis showed that the ratio did not discriminate between the two entities. Limitations to interpretation of
these findings included its retrospective nature, that it was single centre and that the definition of pre-renal disease
(non-obstructive AKI with a return of plasma creatinine to 110% (or less) of baseline value during the 7 days
following admission) might have included those with overt AKI, too.

A final mention should be made in relation to nomenclature, with an Acute Dialysis Quality Initiative (ADQI)
working group statement recommending a switch of anatomical descriptives (e.g. ‘pre-renal’ and ‘renal / intrinsic’)
to pathophysiological ones (‘functional change’ and ‘kidney damage’, respectively) [34]. Given the momentum of
current training and educational endeavours, particularly across the UK, a change in nomenclature, we feel, would
be counterproductive at this stage.

Paediatric considerations (to be read in conjunction with adult guidance, above)
Clinical Assessment; History, Examination
Rationale

As discussed above in relation to adult disease, the early diagnosis of AKl is important to ensure appropriate steps
are taken to identify and treat the cause. The incidence and aetiologies of AKI vary according to the clinical setting.
In paediatric intensive care, an approximately 30% incidence has been noted - Kaddourah et al [35], for instance,
reported AKI to have developed in 1261 of 4683 children studied, with 543 of these having AKI stages 2 or 3. The
causes are often multifactorial in this setting (sepsis, ischaemia and / or nephrotoxicity) but may be a complication
of organ transplantation (liver or cardiac) or of cardio-pulmonary bypass surgery. It is unsurprising that the
incidence of AKI outside the paediatric ICU (PICU) is much lower — McGregor et al [36], for instance, reported a
single centre study in which 722 of 13914 children admitted were found to have AKI. The majority of non-critically
ill children developing AKI do so as a result of sepsis or hypovolaemia secondary to gastrointestinal upset but
paediatricians need to be alert to rarer causes such as haemolytic uraemic syndrome (HUS), drug nephrotoxicity
and intrinsic renal disease, all of which require specialist referral and management. Rheault et al [37] highlighted
that, in 336 patients admitted with a relapse of nephrotic syndrome, 58.6% had AKI although only 6.3% had severe
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disease (pRIFLE stage (F)). They identified steroid resistance, concomitant infection and use of nephrotoxic drugs as
risk factors for the development of AKI.

Recent guidance from the British Association of Paediatric Nephrologists (BAPN) [38] and from NICE [39] emphasise
the importance of being alert to children at risk of developing AKI and highlight those with: nephro-urological,
cardiac or liver disease; malignancy and/ or a bone marrow transplant; neurological or physically disability and
dependant on others for access to fluids; a history of taking medication that may adversely affect renal function
(e.g. ACEI/ARB, NSAIDs, aminoglycosides, calcineurin inhibitors). Physiological monitoring through the use of a
paediatric early warning score (PEWS), together with an accurate fluid balance chart and twice daily weight is
particularly important in those deemed to be at risk of AKI as prompt intervention when any deterioration is noted
can prevent the development or progression of AKI.

Clinical Assessment; Investigations
Rationale

All children with AKI require: a full blood count, creatinine, electrolytes, bone profile, bicarbonate; urinalysis and, if
appropriate, urine microscopy and culture; a urinary tract ultrasound scan should be undertaken within 24 hours.
Renal function, electrolytes and bicarbonate should be measured at least once daily until deemed to be
unnecessary by senior clinical staff. Children who are thought to have an intrinsic renal cause for their AKI require
more detailed investigation including complement studies (C3 and C4), anti-streptolysin O titre, immunoglobulins,
anti-nuclear antibodies, double stranded DNA antibodies, anti-neutrophil cytoplasmic antibodies, anti-glomerular
basement membrane antibodies, serum creatine kinase, lactate dehydrogenase and a blood film (when HUS is
suspected). Renal biopsy should be considered for patients who have deteriorating renal function together with
findings to suggest a nephritic or vasculitic illness - a rapid review of histology (within 4-6 hours) should be
requested to help inform the need for immunosuppression or plasmapheresis.

Lay summary

The basic clinical skills employed by healthcare practitioners are derived as much from empirical practice and
observation as from scientific experimentation. The bedside assessments employed in assessing the patient with
AKI are no different with best practice largely being derived from expert consensus rather than from published
studies.

We present our best practice recommendations for the clinical assessment of the patient with AKI and describe any
supporting studies that are actually available. We have cross-referenced our recommendations to the AKI Minimum
Care Bundle, published by the Think Kidneys collaboration between NHS England and the UK Renal Registry — this,
and similar documents, are widely employed across the UK (and, indeed, are now mandated in NHS England acute
trusts). Our recommendations recognise that the majority of AKI encountered by doctors and nurses will be due to
common causes such as low blood pressure, infection and medication. We also acknowledge that a full and
comprehensive assessment might not necessarily be necessary where the cause is obvious, particularly given that
most low severity AKI episodes will resolve as associated illnesses are treated. Our recommendations for initial
assessment, therefore, focus on these common causes of AKI. However, we also emphasise that where there is no
obvious cause or the episode is not resolving, a detailed evaluation is mandated.
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4. Management of the patient with AKI and at increased risk of it

Guideline 4.1 — Adults and Paediatrics
These recommendations apply to patients at high risk of AKI as well as those who have developed it

We recommend:

® that an assessment of the physiological status of the patient with AKI be made promptly following identification
of AKI or recognition of a high risk for it (following NICE CG50). (1A)

® prompt identification and treatment of sepsis where appropriate. (1A)

® optimisation of haemodynamic status using appropriate fluid therapy (supported by NICE CG176) and
administration of vasopressors and/or inotropes as appropriate. (1B)

® careful clinical assessment when administering fluid therapy in order to avoid adverse outcomes as a
consequence of fluid overload. (1B)

® that, at present, there is no specific pharmacological therapy proven to treat AKI secondary to hypoperfusion
injury and/or sepsis. (1A)

Audit measure 12: Proportion of patients with AKI stage 2 or 3 having a physiological assessment / NEWS scoring
(or equivalent) within 6 hours of AKI warning stage test result*

Audit Measure 13: Proportion of patients with AKI stage 2 or 3 with a documented volume assessment and, where
fluid therapy has been prescribed, a documented re-assessment plan, within 6 hours of AKI warning stage test
result**

The frequency of the audits 12 and 13 should be at least annual with that of re-audit driven by local results from
these, topic-specific audits but also by broader AKI audit findings.

* |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1).

** |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1). The
guideline development group noted the difficulty in defining the components of an adequate volume assessment
and took the view that the occurrence, rather than actual quality of, the review was all that could be established
for this specific audit measure; for instance, a narrative descriptive from a senior clinician (e.g. “dry”, “volume
overloaded”) would be difficult to fault from an audit perspective whilst documented evidence of a chest and
cardiac examination by a less experienced trainee might not necessarily imply that its intent was to assess volume

status.

Rationale

General management

The majority of cases of AKI can be effectively managed with adequate volume replacement, identification and
treatment of the underlying medical condition (e.g. sepsis, haemorrhage), avoidance or discontinuation of
medication which may cause direct or additional harm to the kidneys, and/or identification and prompt
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management of urinary tract obstruction. Similarly, preventative measures to avoid hypovolaemia when patients
are systemically unwell and prior to interventional procedures are an essential component of patient
management. However, it is important to remember that rarer forms of AKI may require specific therapies which
lie outside the remit of this guideline, but which should still be considered if measures below fail. This includes
performing early urinalysis in order to exclude potentially reversible renal parenchymal causes of AKI.

Haemodynamic management

In the hypovolaemic patient, fluid administration is best achieved through the rapid infusion of small boluses
(typically 250ml) of fluid alongside close clinical monitoring. A discussion regarding the most appropriate choice of
fluid follows later in this section but we also draw the reader’s attention to the discussion of volume and
haemodynamic assessment in the section on ‘Clinical Assessment’ and, in particular, the importance of the
individual’s Frank-Starling relationship, which will determine fluid responsiveness.

Prompt resuscitation would seem to be common sense when dealing with acutely ill patients, but there is
supportive evidence for this strategy. A consecutive-sample observational cohort study across nine centres
suggested that early initiation of crystalloid therapy (within 30 minutes) was associated with decreased overall
mortality, an effect not modified by comorbidities and severity. However, delays in administration of crystalloid
therapy were seen more commonly in those with comorbid heart failure, renal failure and in episodes of sepsis
presenting as an inpatient [1].

As should be the case when any intravenous fluids are prescribed, careful assessment should be made of the fluid
and electrolyte requirements of the individual patient. Clinical assessment should be made, regularly, in order to
monitor the response to treatment and ensure both inadequate treatment and fluid overload are avoided. The
reader is directed towards NICE CG 174 ‘Intravenous fluid therapy in adults in hospital’ [2].

Evidence from randomised-controlled trials assessing fluid prescription in AKI tends to be limited to the intensive
care unit, or in specific circumstances such as severe sepsis or around the time of defined interventions such as
cardiac catheterisation or cardiac surgery. While recognising that the majority of patients developing AKI in
hospital will have causes which are multifactorial alongside multiple comorbidities, evidence from such studies
should still be reviewed when considering fluid choices.

In the POSEIDON study, Brar et al reported outcomes of almost 400 patients with CKD G3 or worse (eGFR<60) and
at least one risk factor for AKl undergoing cardiac catheterisation [3]. Of those patients randomised to volume
expansion guided by left ventricular end-diastolic volume, 6.7% developed contrast-induced AKI (CI-AKI) compared
to 16.3% with standard fluid therapy. In a review of RCTs investigating goal-directed fluid regimens, such a strategy
reported a reduction in the risk of AKI, although the overall fluid resuscitation need was similar [4].

The choice of fluids for resuscitation in severe sepsis should consider possible adverse renal events in the light of
studies over the past decade, suggesting starches are potentially harmful and may increase the incidence of AKI,
increase the need for renal replacement therapy and increase mortality. Evidence published from RCTs and a
Cochrane review comparing hydroxyl-ethyl starch (HES) solutions with either Ringer’s lactate or other crystalloids
would support avoiding starches as part of the fluid resuscitation regimen in this setting [5-7]. Amongst 7000 ICU
admissions (not solely patients with severe sepsis) studied by Myburgh et al, there was no difference in 90-day
mortality when comparing HES against normal saline for fluid resuscitation at any time until discharge, although
more patients in the HES group required RRT [8].
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It is important to recognise that the daily sodium intake in health is between 70-100mmol/day, and following
surgery the physiological response of the body is to retain sodium and water. As such, the selection of fluid type
being prescribed is important in order to avoid contributing to increased morbidity and mortality associated with
excessive fluid therapy with 0.9% sodium chloride [9]. A meta-analysis of 21 studies (15 RCTs) including over 6000
patients requiring intravenous fluid resuscitation in the intensive care or peri-operative setting reported outcomes
when comparing high- or low-chloride-containing IV fluid solutions. There was an increase in the risk of AKI and of
hyperchloraemic metabolic acidosis (recognised as contributing to reductions in renal blood flow) in the high-
chloride group, although overall mortality was similar in both groups [10]. Finally, a double-blind crossover trial in
the intensive care setting examined renal outcomes comparing 0.9% (normal) saline to buffered crystalloid
solutions as part of required fluid therapy. With around 1100 patients in each arm, there was no significant
difference in mortality or the rates of AKI or need for RRT across the two groups [11].

Fluid overload rather than fluid depletion as a consequence of the management of the clinically unwell patient and
established AKI is recognised as having an adverse effect on patient outcomes, including development of de novo
AKI and also overall mortality. A retrospective cohort study across eight intensive care units in the US examined
the outcomes of over 18000 critically ill patients who were either in a positive, neutral or negative balance during
treatment. A positive fluid balance (defined as >5% body weight) was found to confer an increase in mortality out
to one year when compared to neutral or negative (<5%) balance. There was no difference in outcomes for any
group when patients received renal replacement therapy [12]. Goal-directed therapy, assessing fluid
responsiveness by careful clinical examination, would logically be the solution to this, although outside of the ICU
setting it is recognised that this often proves a challenge. A recent systematic review and meta-analysis of 13 trials
indicated that in patients needing acute volume resuscitation admitted to the ICU, those receiving goal-directed
fluid therapy had a lower mortality, length of stay and requirement for mechanical ventilation [13]. Finally, a
recent prospective observational study of 339 consecutive admissions to a single ICU suggested fluid overload was
an independent risk factor for the development of AKI [14].

Beyond management of volume status, it is important to recognise that GFR is normally tightly maintained over the
physiological range of systemic mean arterial pressures (MAPs) through the actions of competing intrinsic renal
vasoconstrictive and vasodilatory mechanisms [15]. This relationship may, however, be disrupted by a wide variety
of factors which means that GFR may start to drop even at MAPs that may be defined as ‘normal’ i.e.
‘normotensive’ AKI [16]. Once AKI is established, renal autoregulatory capacity is lost meaning that subtle changes
in the MAP will be transmitted directly through to the level of the renal microvasculature risking further injury and
delayed recovery if insufficient attention is paid to maintaining renal perfusion. KDIGO suggest the use of
protocolised management of haemodynamic and oxygenation parameters in high risk peri-operative patients or
those in septic shock to prevent or mitigate AKI [17]. Also noting that, in health, renal autoregulatory processes
maintain GFR when the MAP is generally 2 65 mmHg, this is suggested as a threshold goal in these patient groups
although uncertainty is still noted about, firstly, the utility of higher target mean arterial pressures and, secondly,
optimal vasopressor agents to be utilised once volume responsiveness has been determined [17]. For those
patients at risk of AKI or with it who fall outside these two patient groups, we suggest that a target MAP > 65
mmHg is reasonable but must take into consideration both pre-morbid BP levels and the current clinical status of
the patient.

It is important to monitor the patient’s overall haemodynamic status throughout the episode of AKI or of
heightened risk of developing it. This remains an essential part of the management of the patient during the
recovery phase of AKI, too; such patients may become polyuric during which they are at increased risk of
developing a negative fluid balance and electrolyte disturbances including hypernatraemia and hypokalaemia.
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Careful consideration should be taken when reintroducing medications such as anti-hypertensives or diuretics
which may have been stopped upon recognition of AKl. Guidance on re-introduction of such medications in
addition to how to respond to changes in renal function in patients taking diuretics or renin-angiotensin system
blocking therapies have been produce by the ‘Think Kidneys’ programme [18, 19] and are discussed in further
depth in the section on ‘Medicines Management’.

Pharmacological therapy
There is currently no evidence to support the use of a specific pharmacological therapy in the treatment of AKI
secondary to hypoperfusion injury and/or sepsis.

Loop Diuretics

The rationale behind the use of loop diuretics was based on their putative ability to reduce the energy
requirements of the cells of the ascending limb of Henle and therefore ameliorate the resultant ischaemic damage
[20]. Loop diuretics have also been used to convert patients with oliguric AKI to non-oliguric AKI (recognised to
have a better prognosis), to facilitate the management of fluid and electrolyte disturbances and reduce the
requirement for renal replacement therapy (RRT). Diuretics are also used to control fluid balance and permit
administration of nutrition and medications. However, diuretics can also be harmful, by reducing the circulating
volume excessively and adding a prerenal insult, worsening established AKI.

It has been demonstrated that the use of loop diuretics is associated with an increased risk of failure to recover
renal function and mortality, perhaps related to the resultant delay in commencing RRT appropriately [21]. A recent
meta-analysis of nine randomised controlled trials concluded that furosemide is not associated with any significant
clinical benefits in the prevention and treatment of AKI in adults [22]. High doses can be associated with an
increased risk of ototoxicity which is an important consideration particularly in those patients ventilated on the ICU.
Therefore, it is essential to evaluate usefulness of diuretics to improve outcome of patients with AKI, not just for
fluid management.

There is no evidence that the use of diuretics reduces the incidence or severity of AKI. Ho et al [22, 23] conducted
two comprehensive systematic reviews on the use of the loop diuretic furosemide to prevent or treat AKI.
Furosemide had no significant effect on in-hospital mortality, risk for requiring RRT, number of dialysis sessions, or
even the proportion of patients with persistent oliguria.

Epidemiologic data have suggested that the use of loop diuretics may increase mortality in patients with critical
illness and AKI, along with conflicting data that suggest no harm in AKI [24]. Finally, furosemide therapy was also
ineffective and possibly harmful when used to treat AKI [22, 24].

Dopamine

Dopamine is a non-selective dopamine receptor agonist which at low-dose (0.5-3.0 pg/kg/min) induces a dose-
dependent increase in renal blood flow, natriuresis and diuresis in healthy humans [25]. It has been proposed that
dopamine may potentially reduce ischaemic cell injury in patients with AKI by improving renal blood flow and
reducing oxygen consumption through inhibition of sodium transport. There have been a multitude of studies
investigating the use of dopamine in the prevention and treatment of AKI which were most recently reviewed in a
meta-analysis that concluded that there is no good evidence to support any important clinical benefits to patients
with or at risk of AKI [26]. The authors found no improvement in survival, no decrease in dialysis requirement, no
improvement in renal function, and improved urine output only on the first day of dopamine therapy. Similarly,
although there were trends towards transiently greater urine output, lower SCr, and higher GFR in dopamine-
treated patients on day 1 of therapy (but not days 2 and 3), there was no evidence of a sustained beneficial effect
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on renal function. A possible explanation as to why dopamine is not beneficial has been provided by a study
demonstrating that low-dose dopamine can worsen renal perfusion in patients with AKI [27]. Additionally the use of
dopamine is associated with side-effects which include cardiac arrhythmias and myocardial and intestinal ischaemia
[28].

Fenoldopam

Fenoldopam is a pure dopamine type-1 receptor agonist that has similar hemodynamic renal effects as low-dose
dopamine, without systemic alpha- or beta-adrenergic stimulation, and has been shown to decrease systemic
vascular resistance whilst increasing renal blood flow to both the cortex and medullary regions in the kidney [29]. It
has been used in patients with hypertensive emergencies [30] and has been noted to improve renal function in
patients with severe hypertension [31]. The majority of small clinical studies that have been performed to date
have investigated fenoldopam's ability to prevent the development of AKI without providing conclusive evidence
[32]. A beneficial effect of fenoldopam in critically ill patients with or at risk of AKI has been suggested by a meta-
analysis of 16 randomised studies [33]. The meta-analysis concluded that fenoldopam reduces the need for renal
replacement therapy and mortality in patients with AKI.

Several uncontrolled studies (historical controls, retrospective review) suggested that it is effective in reducing the
risk for contrast-induced nephropathy, and the results of a pilot trial were promising [34]. However, despite
promising pilot study findings, two prospective randomized trials showed negative results [35, 36]. Fenoldopam
was ultimately found to be ineffective for the prevention of CI-AKI, and as a potent antihypertensive fenoldapam
carries a significant risk of hypotension.

Other compounds including atrial natriuretic peptide (ANP), adenosine and theophylline have also been examined
but none have sufficient evidence to warrant recommendation for either the prevention of or treatment of
established AKI.

Patient involvement

Involvement of the patient in the decision-making process is of critical importance throughout the management of
an episode of AKI or of increased risk of developing it, recognising that the clinical status of the patient will
influence their ability to contribute to such decisions. If the patient does not have capacity, then discussion with
next of kin should take place, particularly when deciding upon the need for and appropriateness of renal
replacement therapy. This was highlighted as an area of concern in the 2009

NCEPOD report [37]. Following an episode of AKI, patients should receive appropriate information regarding the
cause of the AKI, their individual risk factors and the necessary monitoring advised given the associated risk of
progression to chronic kidney disease (CKD) after such an episode [38, 39].

Paediatric considerations (to be read in conjunction with adult guidance, above)

Appropriate fluid management is critical [40] and the restoration of adequate blood volume is a priority in the early
management of AKI. However, excessive fluid resuscitation can increase mortality, especially in patients with sepsis
[41]. The most suitable fluid for different causes and stages of AKIl is yet not known but the potential risks of
hyperchloraemic metabolic acidosis from use of 0.9% saline has already been described, above.

Normalisation of blood pressure goes hand in hand with fluid resuscitation — consideration should be given to the
use of vasopressors once the child is fluid replete if there is persisting hypotension. The frequent assessment of
peripheral perfusion by monitoring capillary refill time, acidosis and blood lactate as well as monitoring of central
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pressure by assessment of JVP (in older children) is essential to guide management and ensure rapid normalisation
of tissue perfusion.

Diuretics have been used in children with oliguric AKI to improve urine output and increase clearance of toxins and
medications [42]. However, an increase in urine output with diuretics does not reflect an improvement in AKI. It
does not prevent or aid recovery from acute tubular necrosis. Children with prerenal AKI can deteriorate with
diuretics.

As with adults, stopping or reducing doses of drugs potentially harmful to the kidneys should be considered in both
prevention and treatment of paediatric AKI.

Lay summary

The majority of cases of acute kidney injury (AKI) are either directly caused by or aggravated by a reduction in blood
flow to the kidneys. This may be due to a fall in blood pressure, dehydration, certain medications or infection
(sepsis). Early recognition and correction of these factors is important in reducing the severity of an episode of AKI
and potentially reversing the condition. The guidance in this section gives recommendations on choice of fluid
replacement and general measures to support blood pressure in the management of AKIl. This should help ensure
blood supply to the kidneys is restored as early as possible in order to maintain kidney function and avoid
complications.
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5. Medicines Management in AKI
Guideline 5.1 - Adults and Paediatrics

We recommend that:

® 3 documented review is undertaken of all medications in those at risk of or with identified AKI, in order to
withhold medications which may adversely affect renal function (1D)

® therapeutic drug dosing must be adapted to altered kinetics in AKI. (1B)

® regular re-evaluation of drug dosing is undertaken as renal function changes and as renal support is initiated,
altered or discontinued. (1D)

® individual acute hospital Trusts either sign-post to external guidance on drug use in AKI, for example, for the
prescribing of antibiotics, analgesia, contrast media, and chemotherapy, or develop their own, in-house
evidence-based recommendations. (1D)

® all patients re-starting potential culprit drugs after an episode of AKI should have their serum creatinine and
potassium re-measured 1-2 weeks after this and after any subsequent dose titration (1D)

Audit measure 14: Proportion of patients with AKI stage 2 or 3 having a documented review of medication which
may adversely affect renal function within 6 hours of AKI warning stage test result*

The frequency of this audit should be at least annual with that of re-audit driven by local results from these, topic-
specific audits but also by broader AKI audit findings.

* |dentified from the audit cohort for “Clinical assessment of the patient with AKI; History, Examination”, the clock
start for this measure should be from the time of first detection of AKI, which could include AKI stage 1.
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Rationale

Few medications truly have direct toxic effects on the kidneys, but several have the potential to impair renal
function if used under certain circumstances, such as in the septic or volume deplete patient. The term
‘nephrotoxin’ should, therefore, be used with caution.

In addition, since the kidneys are one of the major excretory pathways for the removal of drugs from the body, the
sudden loss of kidney function can have major implications for a patient’s prescribed medication regime. The many
medications that are cleared via the kidneys have the potential to accumulate during an episode of AKI. The result
of this may be a further deterioration in kidney function or other adverse effects such as bone marrow or CNS
toxicity. It is, therefore, necessary to review the use of these medications and amend doses appropriate to the level
of the patient’s renal function.

Inappropriate drug dosing of patients with AKI is an important cause of adverse drug events. Pharmacokinetics
including the volume of distribution, clearance and protein binding are altered by organ failure in the critically ill
patient. Drug doses need to be adjusted appropriately with the correct assessment of kidney function to reduce
toxicity.

As an example of the scale of the problem, a single-centre, observational study was conducted in 396 hospitalized
AKI patients, receiving at least one drug from a panel of 148 nephrotoxic or renally-eliminated agents [1]. Forty-six
potential outcomes were retrospectively measured. Forty-three percent of patients experienced a potential
adverse drug event, adverse drug event, therapeutic failure, or potential therapeutic failure; 66% of these were
said to be preventable. A failure to adjust for kidney function (63%) and use of nephrotoxic medications during AKI
(28%) were the most common potential adverse drug events. Worsening AKI and hypotension were the most
common preventable adverse drug events. Most adverse drug events were considered serious (63%) or life-
threatening (31%), with one fatal adverse drug event, recorded. Among AKI patients, administration of angiotensin-
converting enzyme inhibitors/angiotensin receptor blockers, antibiotics, and anti-thrombotics was most strongly
associated with the development of an adverse drug event or potential adverse drug event.

At least in an ICU setting, there appears to be an important role for the clinical pharmacist in mitigating these
problems with a number of publications demonstrating clinical and economic benefits, as described in reference

[2].

In addition, clinical decision support systems (CDSSs) have the potential to improve kidney-related drug prescribing
by supporting the appropriate initiation, modification, monitoring, or discontinuation of drug therapy [3]. CDSSs
can be either computerized or manual, pharmacist-based systems. CDSSs intervene by prompting for drug dosing
adjustments in relation to the level of decreased kidney function or in response to serum drug concentrations or a
clinical parameter. A review of 32 studies looking at the impact of CDSSs showed statistically significant
improvements in clinician prescribing outcomes (e.g. frequency of appropriate dosing), and patient-important
outcomes (eg, adverse drug events). CDSSs are available for many dimensions of kidney-related drug prescribing
and results are promising. Additional high-quality evaluations will guide their optimal use.

From a practical standpoint, the Renal Drug Handbook [4] and Renal Drug Database (available via
www.renaldrugdatabase.com and updated, regularly) provide information on a wide range of agents and the

implications of reduced renal function and the use of different RRT modalities. Although much of the evidence-base
has used renal function thresholds derived from creatinine clearance (as calculated from the Cockcroft-Gault
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formula) rather than eGFR, the utilisation of the latter by the above guidance is facilitated by its ubiquity of use.
On-line calculators are provided for both formulae for each monograph in the Renal Drug Database.

We also note, however, that in those who are not receiving renal support, there is the potential for erroneous
assumptions about true GFR when renal function is rapidly falling or improving as the serum Cr — and measures
derived from it — will tend to lag behind biological changes. We, therefore, recommend regular re-evaluation of
drug dosing as renal function changes and as renal support is initiated, altered or discontinued.

Medicines Optimisation
When a patient develops AKI a thorough review of medication is required in order to:

® Eliminate the potential cause/risk/contributory factor for AKI

® Avoid inappropriate combinations of medications in the context of AKI

® Reduce adverse events

® Ensure that doses of prescribed medication are appropriate for the patient’s level of renal function (Table 4) [4]

® Ensure that all medicines prescribed are clinically appropriate [5].

If a potentially harmful medication must be used, in order to minimise negative effects:

Amend doses appropriate to the patient’s level of renal function

Monitor blood levels of drugs wherever possible

® Keep course of treatment as short as possible

Discuss treatment with the relevant specialist pharmacist or microbiologist

In-house guidelines for drug use in AKI should be available, for example, for the prescribing of antibiotics, analgesia,
contrast media, chemotherapy.

Following an episode of AKI the patient should receive information regarding the cause and how this may be
potentially avoided in the future. This may involve educating and empowering the patient with respect to their risk
factors for developing AKI and advice as to when to consider contacting their general practitioner in the future if
they develop intercurrent illness in the community [6].

Restarting medication after an episode of AKI

The management of patients with AKI frequently involves stopping drugs that lower blood pressure (particularly
ACEl and ARBs, which selectively reduce glomerular pressure) and diuretics. ACEls, ARBs and potassium-sparing
diuretics may also be stopped because of hyperkalaemia.

1. The original indication for the use of the drug should be reviewed.

2. If a specific contraindication to the use of an ARB/ACEI has been identified (e.g. severe bilateral renal artery
stenosis), an alternative drug should be used.
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3. For patients previously stabilized on drugs for the treatment of heart failure, these drugs should be re-started as
soon as clinically reasonable, and re-titrated to achieve the best control of fluid balance and blood pressure,
unless there is a specific contraindication.

4. Patients previously stabilized on ACEl or ARB for chronic kidney disease with albuminuria (diabetes with
albumin:creatinine ratio > 3 mg/mmol; hypertension with albumin:creatinine ratio >30 mg/mmol;
albumin:creatinine ratio > 70 mg/mmol irrespective of hypertension or cardiovascular disease) should be
restarted on these drugs unless there is a new contra-indication, for instance pre-treatment serum potassium >
5 mmol/L (NICE CG182).

5. For patients previously stabilized on drugs for the treatment of essential hypertension, the episode of AKI should
prompt review of the antihypertensive strategy in line with NICE/BHS guidance CG127. Serum creatinine and
potassium should be re-measured 1-2 weeks after re-starting and any subsequent dose titration [7].

Sick Day Guidance

Many health care professionals provide advice to at risk patients that certain drugs should be temporarily
discontinued during acute intercurrent illnesses, particularly where there is disturbed fluid balance, for example:

e vomiting or diarrhoea (unless minor)

e fevers, sweats and shaking.

This advice is commonly described as ‘sick day rules’ or taking a ‘drug holiday’ [8].

The three main reasons for providing such advice are:

1. Non-steroidal anti-inflammatory drugs impair renal autoregulation by inhibiting prostaglandin-mediated
vasodilatation of the afferent arteriole and may increase the risk of AKI.

2. Drugs that lower blood pressure, or cause volume contraction, e.g. ACEls, ARBs, other antihypertensives and
diuretics might increase the risk of AKI by reducing glomerular perfusion.

3. Drugs might accumulate as a result of reduced kidney function in AKI, increasing the risks of adverse effects.
These drugs include:

® Metformin which is associated with an increased risk of lactic acidosis in high risk patients.
® Sulfonylurea drugs which may have an increased risk of hypoglycaemia.

® Trimethoprim, which increases the risk of hyperkalaemia. This drug also interferes with tubular creatinine
secretion, and therefore causes a rise in creatinine levels and may result in a ‘false positive’ diagnosis of AKI.

It is possible that there are potential harms associated with widespread provision of ‘sick day’ rules or guidance,
particularly when the patients have not been clinically assessed and where it is unclear at what level of ill health
the medication should be discontinued. These include:

® Decompensated heart failure when drugs blocking the RAAS system and diuretics are discontinued.
® Development of poorly controlled hypertension with cessation of antihypertensive medication.
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® Patients may over-interpret the advice and stop their drug treatment during even minor illnesses.
® Patients may not re-start their drug treatment on recovery.
® People may self-manage inappropriately and not seek professional help at an appropriate stage.

® |[ssues related to removing medication from dossette boxes, requesting new dossette boxes and up titrating
medication in dossette boxes.

® Diabetes control may be adversely affected by inappropriate cessation of glucose lowering treatment.

It is also a theoretical possibility that ACEl and ARB treatment might reduce the severity or duration of AKI, at least
in a subset of patients. These drugs, by causing efferent arteriolar vasodilatation, increase blood flow to the renal
tubules: and it is tubular injury that causes persistent AKI and the increased risk of subsequent chronic kidney
disease.

Paediatric considerations (to be read in conjunction with adult guidance, above)

When a child is admitted with AKI, or is identified as being at risk of developing AKI, it is essential to take a detailed
drug history to determine if these may contribute to, or lead to the development of, AKI. The drug history should
assess if combinations of drugs might contribute to, or increase the severity of AKI and also

ensure drug doses are appropriate for the level of renal function. A large number of children admitted to acute
paediatric units are exposed to drugs, potentially harmful to the kidneys, and some receive more than one such
agent. Moffett and Goldstein compared culprit drug prescriptions in 357 children with AKI and 357 controls [9];
they showed those with AKI had a longer admission, had exposure to more potentially harmful medications for a
longer period of time compared with controls and the odds of exposure to at least one potentially harmful
medication was significant for the subsequent development of AKI. Exposure to more such medications was
associated with an increased risk of AKI. Goldstein et al subsequently showed that surveillance for the development
of AKI in children receiving potentially harmful drugs through daily creatinine measurement and modification of the
drug prescription if AKI developed, reduced the duration of AKI [10]. Furthermore, they showed the
implementation of a surveillance programme led clinicians to make dose adjustments and drug changes at an
earlier stage, so reducing the incidence of AKI.

Sick Day Guidance

Nonsteroidal anti-inflammatory drugs and drugs that block angiotensin 2 production or binding to its receptor are
widely recognised to cause AKI in patients who are dehydrated or hypotensive. While ACEI/ARBs are mostly
prescribed by nephrologists in a paediatric setting, NSAIDs are commonly used as an anti-pyretic in children and are
available over the counter. Misurac et al [11] have shown NSAIDs can be identified as the cause of AKl in up to 15%
of hospitalized children with AKI. The ready availability of NSAIDs and their frequent use in febrile children (who
may well be dehydrated) is a cause for concern and the recent ‘Think Kidneys’ campaign has highlighted the need
for caution in using these drugs.

Parents (and older children) should be reminded of the importance of stopping ACEI/ARBs or NSAID if they develop
a gastrointestinal illness and advised to re-start 2-3 days after resolution of the symptoms.

Lay summary

Many drugs are excreted by the kidneys, so have the potential to build up to potentially harmful levels in patients
with AKI. In addition, several drugs have the potential to harm the kidneys, directly, or at least reduce kidney
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function. We, therefore, suggest that effective medicines management is a key part of the care of a patient with
AKI. A thorough medicines review is mandatory, in order to eliminate any potential contribution to the
development of AKI, avoid inappropriate combinations of medications in the context of AKI, reduce adverse events
and ensure that doses of prescribed medication are appropriate for the patient’s level of kidney function.

We present our best practice recommendations for the medicines management of the patient with AKI and
describe any supporting studies that are actually available. We have cross-referenced our recommendations to the
Medicines Optimisation Guideline, the Sick Day guidance statement and the When to restart drugs stopped during
AKI guidance published by the Think Kidneys collaboration between NHS England and the UK Renal Registry — these
documents are widely employed across the UK (and, indeed, are now mandated in NHS England acute trusts). Our
recommendations recognise that the majority of AKl encountered by doctors and nurses will be due to common

causes such as low blood pressure, infection and medication.

Table 4
Effects on Change in the side effect L.
. . Action in presence of
renal/fluid/electrolyte profile when renal . . .
. L AKI or of high risk of it
physiology function is reduced
Analgesics
Altered haemodynamics
within the kidney leading
to underperfusion and ) .
NSAIDs / COX Il Avoid these agents in

inhibitors

reduced glomerular
filtration
Acute interstitial
nephritis (rare)

people at high risk of AKI

Opioid analgesics

Accumulation of active
metabolites in AKI
(especially morphine,
pethidine and codeine)
—increased incidence of
CNS side effects &
respiratory depression

Avoid long acting
preparations.
Reduce dose and
frequency
Use opiates with minimal
renal excretion e.g.
fentanyl, oxycodone,
hydromorphone,
tramadol

Pregabalin & Gabapentin

Accumulation leading to
an increase in CNS side
effects

Reduce dose

Benzodiazepines

Accumulation of drug &
active metabolites
leading to increased
sedation & mental
confusion

Reduce dose & monitor
for excessive sedation
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Effects on

physiology

renal/fluid/electrolyte

profile when renal
function is reduced

Change in the side effect

Action in presence of
AKI or of high risk of it

Cardiovascular Medications

Antihypertensives
(including Ca-channel
blockers, a-blockers, 3-
blockers, etc)

Hypotension may

perfusion

exacerbate renal hypo-

Beta Blockers

Risk of bradycardia with

Consider withholding /
reduce dose depending
on blood pressure

ACEI / ARBs / Aliskiren

Hypotension
Hyperkalaemia

In some situations, e.g.
heart failure, continuing
them might actually be
helpful
In AKI consider
withholding

Diuretics including
Thiazide & Loop
Diuretics

Volume depletion
Acute interstitial
nephritis (rare)

Loop diuretics
(furosemide &
bumetanide) preferred as
thiazides less effective if
GFR < 25ml/min.

However thiazides can
potentiate the effects of
loop diuretics

If volume depleted,
consider withholding

Potassium sparing
diuretics amiloride,
eplerenone &
spironolactone

Volume depletion
Hyperkalaemia

Stop in AKI

Statins

May cause
rhabdomyolysis-induce
AKI

Increased risk of

rhabdomyolysis

Stop if AKI due to
rhabdomyolysis.
Otherwise continue
therapy but monitor
Stop if patient develops
unexplained/persistent

muscle pain

Digoxin

Hyperkalaemia

May accumulate in AKI
leading to bradycardia,
visual disturbances,

confusion

Reduce dose
Monitor potassium and
drug levels

Drugs to treat infection

Aciclovir

Crystal nephropathy
Acute interstitial
nephritis (rare)

Drug accumulates in
reduced renal function
leading to confusion,

seizures

Reduce dose

Encourage high oral
fluid intake if urine
output and volume

status allow
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Effects on Change in the side effect L
. . Action in presence of
renal/fluid/electrolyte profile when renal L .
. L. AKI or of high risk of it
physiology function is reduced

Aminoglycosides

Tubular cell toxicity

Ototoxicity

Avoid if possible. If use
is unavoidable, reduce
dose &/or increase
dosing interval
Monitor drug levels 2 —
3 times per week

Carbapenems

Drug accumulates in
reduced renal function
leading to confusion,
seizures

Reduce dosing
frequency

Trimethoprim
Co-trimoxazole

Increased risk of
hyperkalaemia
(especially in
combination with
spironolactone or
ACEI/ARB)
Interferes with tubular
secretion of creatinine
leading to a rise in serum
creatinine without a true
change in GFR

Accumulation increases
risk of hyperkalaemia
(particularly with high

doses), nausea and
vomiting

Avoid or reduce dose
(particularly if patient is
already taking an ACEI,
ARB or spironolactone)

Studies have shown that
elderly patients
prescribed
trimethoprim have a 12
x greater risk of
developing life-
threatening
hyperkalaemia if
already taking
spironolactone, a 7-fold
increased risk of life-
threatening
hyperkalaemia, and a
1.5 x increased risk of
sudden death if already
taking an ACEIl or ARB.

Fluconazole

Accumulation leading to
acute confusion, coma,
seizures

Reduce dose
Check for drug
interactions that may be
contributing to AKI, e.g.
consider withholding
statins due to risk of

rhabdomyolysis

Ganciclovir

Crystal nephropathy

neutropenia, anaemia and

Accumulation leading to

thrombocytopenia

Reduce dose
Monitor renal function
and full blood count

Avoid rapid infusions
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Effects on Change in the side effect L
. . Action in presence of
renal/fluid/electrolyte profile when renal L .
. L. AKI or of high risk of it
physiology function is reduced

Acute interstitial
nephritis (rare)

CNS side effects including

seizures

Reduce dose

Reduce dose

Accumulation leading to
CNS excitation, seizures, &

blood dyscrasias

Reduce dose / increase

Monitor levels

Penicillins
Glomerulonephritis
Teicoplanin
Acute interstitial
Vancomycin nephritis (rare)

Accumulation leading to
renal toxicity, ototoxicity

dose interval
Monitor levels

Diabetes medications

Hypoglycaemic Drugs

Accumulation in AKI may
increase risk of
hypoglycaemia

Risk of lactic acidosis

Monitor blood glucose
levels & reduce dose if

Avoid long acting
preparations.

necessary

Metformin

increased
Accumulation leading to
hypoglycaemia

Avoid if GFR < 30
ml/min

Anticoagulants

Monitor anti-Xa levels

Low Molecular Weight
Heparins

Risk of accumulation
leading to increased risk
of bleeding

and consider reducing
dose or switching to an
alternative agent, e.g.
unfractionated heparin,
danaparoid as per local
guidelines
Monitor INR and

Warfarin

INR may be raised due to

acute rise in urea and

warfarin displacement
from binding sites

consider reducing dose
or withholding
depending on indication

for use
Consider withholding,

Direct Oral
Anticoagulants

to increased risk of
bleeding.

May accumulate leading

particularly agents with
high renal clearance.
Argatroban has been
used in patients with
AKI requiring RRT after
cardiac surgery
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Effects on
renal/fluid/electrolyte

physiology

Change in the side effect
profile when renal
function is reduced

Action in presence of
AKI or of high risk of it

Anticonvulsants

Levetiracetam

Accumulation leading to
increase in CNS side
effects

Reduce dose

Acute interstitial

Risk of phenytoin toxicity

Monitor levels. Correct
phenytoin levels for

Phenytoin nephritis (rare) if patient has low serum .
. uraemia and low serum
albumin levels ]
albumin
Other agents
Avoid

Ayurvedic medicines

Cases of renal
impairment have been
reported

Some ayurvedic medicines
also contain heavy metals

Check drug history
thoroughly
Patients may not
consider herbal
preparations / teas as
medicines

Bisphosphonates IV

Can cause impaired renal

function — especially
when given in high

doses and short duration

infusions

Reduce dose and infuse
at correct rate
Advantages of

correction of severe

hypercalcaemia may

outweigh risks: seek
specialist advice

Colchicine

Diarrhoea / vomiting
causing hypovolaemia

Use lower doses or
consider steroids.
Do not use NSAIDs for
gout

Herbal Remedies

The toxic effects of
herbal remedies to the
kidneys may be
exacerbated when used
with concomitant
medicines which can
affect kidney function.
Chinese herbal
medicines with
aristocholic acid have
been implicated in
interstitial nephritis.

Cat’s Claw has anti-
inflammatory properties
and has been implicated

in causing AKl and
hypotension with
antihypertensives

Some herbal medicines
also interact with
prescribed medicines,
e.g. St. John’s Wort
potentiates the effects
of ciclosporin &
tacrolimus.
Check drug history
thoroughly.
Patients may not
consider herbal
preparations / teas as
medicines

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019

79




THE RENAL
ASSOCIATION
founded 1950

Effects on Change in the side effect L
. . Action in presence of
renal/fluid/electrolyte profile when renal L .
. L AKI or of high risk of it
physiology function is reduced

Avoid where possible

o Monitor lithium and
Accumulation increases
] . electrolyte levels
risk of side effects, e.g. )
. Seek advice for
) nausea, diarrhoea, blurred ]
Can cause nephrogenic o ] ) alternative
) o vision, fine resting tremor,
diabetes insipidus
muscular weakness and

Kidney impairment . . . Encourage patient to
. drowsiness, increasing . )
exacerbated in . drink plenty. Patients on
] ] confusion, blackouts, T
hypovolaemia and in i i long-term lithium nearly
o o . fasciculation and
Lithium combination with ACE ) always have a degree of
o increased deep tendon ] o
inhibitors / ARB / NSAIDs ] diabetes insipidus, and
o reflexes, myoclonic ]
Very rarely it is . . are therefore at serious
i . twitches and jerks, . .
associated with . risk of developing
) ) choreoathetoid )
neuroleptic malignant . hypernatraemia due to
movements, urinary or .
syndrome. true dehydration when

faecal incontinence, .
) ) unwell without
increasing restlessness .
adequate water intake.
followed by stupor. ] ]
Monitor serum sodium

concentration.
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6. Rhabdomyolysis

Guideline 6.1 - Adults and Paediatrics

We recommend that adult and paediatric patients identified as being at risk of developing AKI due to
rhabdomyolysis, and who are not volume overloaded, should receive prompt intravenous volume expansion in
order to achieve a high urinary flow rate. (1B)

Rationale

Rhabdomyolysis-induced AKI results from skeletal muscle injury and cell lysis with the release of myoglobin and
other muscle breakdown products. Myoglobin is freely filtered by the glomerulus and is directly toxic to tubular
epithelial cells, particularly in the setting of hypovolaemia and acidosis. Causes include trauma (e.g. crush injury or
a ‘long-lie’), burns, compartment syndrome and drugs (e.g. cocaine, ecstasy and statins), while management
includes volume assessment and close monitoring with aggressive fluid resuscitation and alkalinisation of the urine
aiming for a urinary pH>6.5 to mitigate intra-tubular precipitation of myoglobin and the development of
hyperkalaemia [1]. The underlying principle is maintenance of a satisfactory urine output with fluid administration.
However, the specific choice of fluid which confers the greatest benefit has not been established, with limited
head-to-head comparative data. A recent meta-analysis of twenty-seven studies demonstrated no evidence which
supported a preferred fluid type or that sodium bicarbonate with or without mannitol was superior to fluid therapy
alone. The primary role for sodium bicarbonate was suggested to be simply to treat acidosis if present.
Intravenous fluids should be initiated as soon as possible, preferably within the first 6 hours after muscle injury, at a
rate that maintains a urine output in adults of 300 mL/h [2] . Once AKI has developed, however, added vigilance
must be exercised due to the risk of iatrogenic fluid overload; in addition, once oliguria is established, attempts at
maintaining a diuresis should be discontinued.

Paediatric considerations (to be read in conjunction with adult guidance, above)

Rationale

About 5-8.7% of paediatric patients with rhabdomyolysis develop AKI [3, 4]. Causes of rhabdomyolysis in children
include trauma, infections, seizures, physical exertion, drugs and metabolic disorders. Treatment includes early
intravenous fluid administration and discontinuation of any potential culprit medications. There is little data
available to support the use of bicarbonate or mannitol in children.
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Lay summary

Damage to previously healthy muscles as a result of crush injuries or other severe damage can lead to release of a
protein from the damaged muscle which can then lead to acute kidney injury (AKI). The protein (myoglobin) may
build up in the small tubules of the kidneys, causing the kidneys to fail. Identification of the cause of muscle injury
is essential in order to ensure any reversible cause is addressed, although this is not always possible. In order to
reduce the risk of AKI, prompt administration of intravenous fluids is important in order to maintain urine output
and reduce the build-up of the myoglobin protein in the tubules.
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7. Nutritional support
Guideline 7.1 - Adults and Paediatrics

We recommend that patients with AKI receiving renal replacement therapy should be referred to a dietitian for
individual assessment (1D).

Audit measure 15: Proportion of patients undergoing dietetic review by the calendar day after initiation of renal
support*

Audit measure 16: Proportion of patients meeting at least 80% of their estimated energy and protein requirements
by the 2™ calendar day after initiation of renal support*

* applies even if no longer RRT-dependent

The frequency of audit measures 15 and 16 should be at least annual with that of re-audit driven by local results
from these, topic-specific audits but also by broader AKI audit findings.

Rationale

Malnutrition, particularly protein energy wasting (PEW), in the setting of AKI is very common and has been
identified as a predictor of in-hospital mortality independent of complications and co-morbidities [1]. Up to 42% of
patients with AKI show signs of severe malnutrition on admission, increasing to over 70% in critically ill patients [2].
AKI is associated with significant metabolic and immunological disturbances along with the induction of a pro-

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 82



THE RENAL
ASSOCIATION
founded 1950

inflammatory state which is exacerbated by malnutrition [3]. Appropriate nutritional support could potentially
mitigate these disturbances and improve outcomes. It is also important to ensure that any nutritional support for
patients with AKI considers both the metabolic consequences in addition to the underlying disease process causing
the AKI. While this is often a heterogeneous group, sepsis and multi-organ failure are common features.

NICE recommends the use of the Malnutrition Universal Screening Tool (MUST) in screening the degree of
malnutrition in adult patients admitted to hospital and in the community. However, as those with renal disease
(either acute or chronic) display variability in weight, which is often due to fluid gains or changes, the MUST tool
lacks sensitivity in this group of patients [4]. In addition MUST was not designed to be used in critical care settings.

While there is currently no alternative screening tool validated to identify malnutrition in renal patients, a number
are in development, including the Renal Nutrition Screening Tool [5] and the inpatient Nutrition screening Tool [6],
although neither was piloted in critical care. Clinical judgement should therefore be used by healthcare
professionals looking after patients with AKI in determining the nutritional risk of an individual patient, irrespective
of setting.

Energy requirements are not affected by the AKI itself but by the underling clinical condition. Current guidelines are
to start support at 20kcal/kg body weight (BW)/day and not to exceed 30kcal/kg BW/ day [7].

AKI in the non-catabolic state: This is typically seen in cases of AKI due to volume depletion, medications, urinary
tract infections or obstruction. Patients are usually stable with less severe AKI (stages 1 or 2). In such cases, oral
diet and supplementation are typically sufficient. Daily protein requirements for these patients would typically be
0.8-1.5g/kg BW, aiming for the upper end of the range should continuous renal replacement therapy (CRRT) be
required [8].

AKl in the catabolic state: Typical causes include sepsis, acidosis or trauma and the presentation is often associated
with more severe AKI (stage 3) and multi-organ failure. Both protein turnover and nitrogen requirements are
increased, with appropriate nutritional support potentially reducing nitrogen losses [9, 10]. Typical daily protein
requirements for this group of patients range from at least 1g/kg BW up to 1.7g/kg BW in those who are critically ill
patients or receiving CRRT [7] although some suggest that these groups should receive up to 2.5g/kg BW [8].

Wherever possible, when artificial nutritional support is required this should be provided via the enteral route. If
oral feeding is not possible this would typically be via a naso-gastric or naso-jejunal tube. Parenteral nutrition (PN)
should be considered when the enteral route cannot be used. An individualised dietary assessment and prescribed
regime is recommended, as the cause of the AKI, underlying disease, the presence or absence of fluid and
electrolyte abnormalities and the need for and type of renal replacement therapy will all influence the prescription

[8].

The timing of PN in AKI was examined recently by reviewing the results of a pre-specified analysis of the EPaNIC
study - a multi-centre RCT examining ICU patient outcomes with parenteral nutrition given within 48 hours (versus
not given) before day 8 of the admission [11]. This suggested that early PN did not affect AKI incidence and slowed
renal recovery in stage 2 AKI. Such treatment had no effect on the creatinine time course and was found to
increase the plasma urea and the urea:creatinine ratio following amino acid administration — perhaps the likely
cause for longer requirement for RRT in this group.

The requirements for micronutrients in AKI remain unclear. Plasma levels of vitamins A, D & E and also Vitamin C
are lower in AKI patients, along with selenium and zinc. This is more likely in patients receiving CRRT [8]. However,
the impact of supplementation with micronutrients on outcomes remains unknown [12].

More information about nutrition and AKI can be found at:

https://www.thinkkidneys.nhs.uk/aki/wp.../Think-Kidneys-Nutrition-Guide-final.pdf [8]
Lay summary
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Malnutrition in patients with acute kidney injury is common and its management usually requires careful
assessment by a trained dietitian. Without such intervention there is an increased chance of complications and
delayed recovery. Early recognition of patients at risk can be assisted by the use of renal specific risk calculators
which are being widely used. Once identified, these guidelines advise on nutritional requirements patients with
various degrees of severity of AKl would need to be prescribed in order to optimise their recovery.
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8. Treatment facilities and transfer to renal services

Guideline 8.1 - Adults

We recommend that:

® when specialist renal advice on patients with AKI is sought, this should be given with consultant renal physician
involvement; senior input is intended to ensure that high quality advice has been offered and so may include
retrospective but timely discussion of cases referred to non-consultant members of the renal team. (1D)

® transfer protocols should be developed based on the National Early Warning Score (NEWS) to ensure
appropriate triage of in-patients with AKI arriving from other hospitals. (1C)
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® renal services should work with other specialties and local primary and secondary care providers to develop
guidelines on indications and local processes for renal referral for the management of AKI; these should
harmonise with national guidance, where available. (1C)

We suggest that:

® intensive care units should make early contact renal services to discuss patients likely to require ongoing single
organ renal support prior to step-down. Advance warning of such patients will facilitate forward planning and
continued follow-up. (2D)

Guideline 8.2 — Paediatrics

We recommend that:

® paediatric renal services should work in collaboration with tertiary specialities within the same centre as well as
local hospitals to develop regional guidelines and transfer protocols for the early detection, management and
treatment of AKl in children and young people. (1D)

® paediatric intensive care units should liaise early with renal services to discuss children or young people who
may require ongoing renal replacement therapy following discharge from intensive care. This should be
undertaken with consultant paediatric nephrologist input. Early referral facilitates forward planning and helps
establish relationships with children and their families. (1D)

® urgent secondary care assessment should be arranged for all possible cases of AKI, developing in the
community. This should be undertaken with consultant paediatric nephrologist input (1D)

Audit measures (apply to Adults and Paediatrics):

Audit measure 17: Incidence of delays of transfer of patients with AKI more than 24 hours following referral to
renal services due to a lack of resources on renal unit.

Audit measure 18: Incidence of patients with single organ AKl admitted to ICU for RRT due to a lack of resources on
the renal unit.

Audit measure 19: Number of AKI in-patient transfers requiring escalation of care within 24 hours of arrival on
renal unit.

We recommend that audits 17 - 19 should be led by the Renal Unit and should be conducted at least annually over
a two week period. The frequency of re-audit should be driven by local results from these, topic-specific audits but
also by broader AKI audit findings.

Rationale

Almost all AKI develops outside of the renal unit and it should be possible to manage the majority of patients either
in the non-specialist ward or in critical care areas. The most appropriate facility for care will depend on the
presence or absence of non-renal organ failure, the need for renal support and the need for renal specialist input.
The latter will be determined, in part, by the likelihood that AKI will be transient and self-limiting, and by the
aetiology of AKI — particularly if a rare diagnosis is possible. The ‘Recommended Minimum Requirements of a Care
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Bundle for Patients with AKI in Hospital’ guideline produced by the Think Kidneys partnership [1] includes specific
guidance on criteria for specialist and critical care referral.

There are three, key interfaces which may well be geographically remote but whose smooth function will help
determine the most appropriate venue for management. These exist between the non-specialist ward and critical
care (critical care outreach), between renal services and critical care (the critical care/nephrology interface) and
between renal services and the non-specialist ward (acute renal outreach). Organisation of these interfaces will be
dictated by local geography, practice and resource. The need for clarity in these interactions has been highlighted
by a range of studies that have suggested both clinical and organisational deficiencies in management. Shortfalls
in the basics of initial assessment and management on non-specialist wards have been well demonstrated in both
regional [2] and national studies [3]. In those who might need it, referral for a renal specialist opinion may be
delayed [3, 4] or not even undertaken [3, 5]. These deficiencies, coupled with failures in the timely recognition of
the acutely ill patient and the need to escalate care [3], may place unnecessary pressure on critical care and renal
services from pathology that might, otherwise, have been mitigated.

Care of the AKI patient on non-specialist wards may be facilitated in two ways. The first is through the use of
physiological severity scores to aid the recognition, management and placement of the acutely ill patient. These
should now be established in routine practice. The second is by enhancing the initial assessment and treatment of
evolving AKI to both optimise the management of those who could remain in that non-specialist area, and also, for
those who need it, ensure timely transfer to renal services. How this goal might be achieved is unclear but a
suggested solution may include the development and dissemination of clear, written guidelines. A supplementary
educational package may be of benefit. Both non-specialists and renal services should have an understanding of the
indications for seeking specialist renal advice and of transfer and treatment protocols. Renal advice should be
provided with consultant input given the evidence that this can be poor when offered at a more junior level [3].
Mechanisms to monitor and assure success have yet to be established but could include longitudinal audit of the
incidence of severe AKI, augmented by root cause analysis.

Most AKI managed in critical care areas is ischaemic or septic in origin [6] and usually associated with other organ
dysfunction. Nevertheless, vigilance needs to be maintained for rare causes that may require specialist renal input.
This may be especially relevant for those ICUs who cannot call upon bedside nephrology input. The main
interaction between renal services and critical care will, however, be the flow of sick ESRD patients in one direction
and the reciprocal step-down of AKI patients still requiring single organ, renal support. The latter may represent a
specific bottleneck in patient flow due to renal resource constraints and sufficient capacity to provide renal support
on ICU.

Although evidence for delayed step-down from critical care was found in a short, observational survey of severe,
single-organ AKI in Greater Manchester [4], a 12 month survey of patient flow across the North East and Cumbria
Critical Care Network showed that such delays were relatively short (median 2 days) and amounted to a relatively
modest number of critical care bed days consumed (113 in that year) [7]. The study found that the period of single
organ renal support was significantly longer on those ICUs without a renal unit on site but the results, overall, did
not support the anecdotal impression of frequently delayed step-down of these patients. Finally, a recent
Canadian, multi-centre cohort study examined the impact of inter-hospital transfers for the provision of RRT on
outcomes finding no difference in 30-day mortality or rate of dialysis dependence in comparison to those for whom
on-site renal support could be provided, who were older but who had a lower SCr at the time of initiation of renal
support [8]. These findings should be interpreted with caution due to the potential for confounding by indication —
more frail and unstable patients may not have been deemed fit for inter-hospital transfer so would not have been
included in the ‘intervention’ group.
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It is recommended, nevertheless, that early contact is made with renal services to allow forward planning for those
patients likely to step-down still requiring renal support.

Although timely renal transfer may be a key goal, the arrival of patients on the renal unit with unheralded critical
iliness is a potential disaster in terms of both safety and the unexpected burden that this might place on local
critical care services. A prospective, single centre observational study examined the utility of the SOFA (Sequential
Organ Failure Assessment) score as a predictor of later escalation of care in AKI patients transferring from outside
hospitals [9]. Those requiring escalation of care within the first 24 hours after transfer had high scores. The tool
could not determine the most appropriate venue for transfer but might augment subjective assessment of illness
severity by the referring team, trigger pre-emptive responses by the receiving team, such as early liaison with
critical care, and warn of the need for more frequent physiological observation after arrival on the renal unit. NEWS
has now superseded other physiological scores in routine clinical practice and should be used in the triage of the
patient with AKI - it also has the added advantage of harmonising with physiological assessment across all
connected organisations.

Paediatric considerations (to be read in conjunction with adult guidance, above)

Rationale

The majority of paediatric AKI develops outside the renal unit and it should be possible to manage these children
and young people in local hospitals (general paediatric departments) or while under the care of non-renal
specialities in tertiary paediatric hospitals. Early discussion with a regional paediatric renal unit (13 named centres
in the UK) for advice and support regardless if transfer is required may improve outcomes and reduce the need for
renal replacement therapy. However, the experience to date is that few paediatricians discuss AKI stage 1 or 2 with
the regional renal unit.

Children or young people who have:

® AKl secondary to a diagnosis that may need specialist treatment
® no clear cause for AKI

® had an inadequate response to treatment

® complications associated with AKI

® received arenal transplant

® chronic kidney disease stage 4 or 5,

...... should be discussed with a paediatric nephrologist and transferred to the renal unit, if appropriate.

The organisation of paediatric services differs from that of adult services, in that many paediatric intensive care
units have access to paediatric renal units within the same hospital. Services with a high incidence of AKI (eg
cardiac surgery and oncology) are also often co-located with paediatric renal units, enabling a close working
relationship and so facilitating early discussion of AKI patients and establishment of AKI care pathways. Children
may not necessarily need transfer to the renal unit particularly if an increased awareness of AKI helps prevent or
ameliorate AKI by improving recognition, appropriate early management and treatment Dissemination of AKI care
pathways not dissimilar to those used in adult practice could prove useful in the paediatric setting.
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The interface between tertiary paediatric renal units and regional general hospitals can be improved through
regional renal networks but most units have had little success to date in securing the necessary resource to
establish a well-managed regional renal network. However such a network could facilitate education and
awareness and help develop care pathways between regional general paediatric units and the tertiary renal unit.

Lay summary

The vast majority of acute kidney injury (AKI; the sudden shut down of kidney function) develops either in the
community or in non-specialist settings in hospital (such as general medical or surgical wards or medical admissions
units). Most can be managed without the need for admission to renal services. This particular guideline highlights
some of the key considerations when deciding whether a patient with AKI needs transfer from non-specialist areas
to the renal unit. These include, whether the episode of AKI is quickly resolving, whether a rare cause of AKI is
possible and whether artificial kidney treatment (dialysis) is required. We also include recommendations on
deciding whether critically unwell patients need transfer to intensive care or high dependency areas rather than
the renal ward — the early recognition of patients whose clinical condition is deteriorating is now an established
requirement for all hospital in-patients and these bedside observations can be used in deciding on the safest venue
for patient transfer. Finally, we note the need to develop referral and transfer guidelines across each renal unit’s
catchment area — these will encompass not only other specialist units within the same hospital but also other local
hospitals which do not have a renal unit and primary care. Where available, we recommend that local guidelines
should harmonise with generic national recommendations, recognising the need for these to be adapted to local
requirements.
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9. Renal Support
Adults and Paediatrics (unless otherwise stated)
Guideline 9.1 - Choice of renal replacement therapy

We recommend that:

® acute renal replacement therapy (RRT) should be considered for patients with progressive or severe AKI, unless
a decision has been made not to escalate therapy. (1B)

® the decision to initiate RRT and choice of modality should be based on the condition of the patient as a whole,
severity of the underlying disease, degree of fluid overload and its impact on other organs but not on an isolated
creatinine or urea values. (1B)

® intermittent and continuous extracorporeal modalities should be considered as complementary treatments for
AKI. The choice of renal replacement therapy should be guided by the clinical status of the individual patient,
the medical and nursing expertise, and the availability of machines. Peritoneal dialysis may be considered as an
alternative to extracorporeal treatments in paediatric patients (1B)

® the decision whether to start continuous or intermittent RRT should be based on the condition of the patient.
Continuous RRT should preferably be offered to patients who are haemodynamically unstable or have acute brain
injury or cerebral oedema. (2B)

Guideline 9.2 - Choice of membrane and fluids

We recommend that:

® dialysers with a biocompatible membrane should be used for IHD and CRRT. (1C)

® bicarbonate should be the preferred buffer for dialysate and replacement fluid in continuous renal replacement
therapy (CRRT) techniques. (1C)

® fluids used for continuous or intermittent haemodialysis, haemofiltration or haemodiafiltration in patients with
AKIl meet the microbial standards for fluids used for chronic haemodialysis. (1A)

Guideline 9.3 - Vascular access for RRT

We recommend that:

® veno-venous access is used for acute renal replacement therapy. (1A)
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® dialysis catheters should be of an adequate length to minimise the risk of premature filter clotting and access
recirculation. (1C)

® access should be placed by experienced or appropriately supervised staff. Real-time ultrasound guidance should
be used to aid placement. (1A)

® subclavian vein access should be avoided if possible in patients at risk of progressing to CKD stage 4 or 5 due to
the potential risk of compromise of future, ipsilateral arterio-venous dialysis access. (1D)

® temporary access should be changed at appropriate intervals as per local infection control policies. (1C)

® dialysis catheters should be reserved for extracorporeal treatment, only, to reduce the risk of catheter-related
infections. (1D)

® antimicrobial locking solutions should be used routinely to reduce the risk of catheter related bloodstream
infections in adults. (1C)

We suggest that:

® antimicrobial locking solutions should be used routinely to reduce the risk of catheter related bloodstream
infections in children and young people. (2D)

® non-dominant arm upper limb vasculature should be preserved in patients with AKI on the background of CKD
as a contingency for future permanent arterio-venous dialysis access. (2C)

Guideline 9.4 - Anticoagulation for extracorporeal therapies

We recommend that:

® anticoagulation for RRT should be tailored to the patient’s characteristics and the chosen modality of RRT. (1B)

® for anticoagulation in CRRT, regional citrate anticoagulation should be the first line choice. When citrate is
contraindicated or not available, unfractionated heparin or epoprostenol should be considered. (1B)

® for anticoagulation in acute intermittent RRT, unfractionated heparin or low molecular weight heparin should be
used as the first line anticoagulant. (1C)

We suggest that:

® in case of contraindications to citrate, heparin or epoprostenol, a no-anticoagulation or saline flush strategy may
be considered in patients receiving continuous or intermittent RRT. (2C)

Guideline 9.5 - Renal replacement therapy prescription

We recommend that:

® the dose of acute extracorporeal RRT should be prescribed and adjusted at each session (for intermittent
haemodialysis or hybrid therapies such as SLED — sustained low efficiency dialysis) and daily (for continuous
RRT). The prescription should take into account the patient’s current and predicted metabolic and fluid needs
and any measured shortfalls in delivered dose. (1A)

® patients with AKI treated by CRRT should receive treatment doses equivalent to post dilution ultrafiltration rates
of 25 ml/kg/hr. (1A) A proportionate upward adjustment to the prescribed ultrafiltration rate should be
made when pre-dilutional haemofiltration is employed.
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® patients with AKI treated by intermittent RTT (intermittent haemodialysis or a hybrid therapy) should receive
treatment with at least the minimum dose considered appropriate for end-stage renal disease, assuming a
thrice weekly schedule: urea reduction ratio (URR) = 65% or single pool (sp)Kt/V = 1.2 per session. (1B) In
practice, this will require targeting a higher dose (URR > 70% or spKt/V > 1.3 per session) to accommodate
prescription-delivery shortfalls.

® consideration should be given to the risk of dialysis disequilibrium syndrome in patients initiating intermittent
haemodialysis with a high serum urea and that a lower intensity first dialysis should be prescribed for patients at
risk (1B). We suggest that a urea > 30 mmol/L would be a reasonable threshold to consider these measures (2C).

We suggest that:

® renal replacement therapy dosing methods that require an assessment of patient weight should use a measured
weight rather than an extrapolated weight from pre-morbid readings. (2B)

Audit measure 20: Agreement between prescribed and delivered dose of RRT.

We recommend that the above audit should be led by services delivering acute RRT and should be conducted at
least annually over a two week period. The frequency of re-audit should be driven by local results from these,
topic-specific audits but also by broader AKI audit findings.

Guideline 9.6 - Timing of initiation of renal replacement therapy

We recommend that:

® the decision to start RRT in patients with AKI should be based on fluid, electrolyte and metabolic status of each
individual patient. It should be started before the onset of life threatening complications of AKI unless a decision
has been made that escalation of therapy is not appropriate. (1C)

® initiation of RRT may be deferred if the underlying clinical condition is improving, there are early signs of renal
recovery and the metabolic and fluid demands of the patient are met. (1D)

® animprovement in the patient’s clinical condition and urine output and correction of the fluid state would
justify temporary discontinuation of ongoing renal support to explore if AKl is recovering. (1D)

Choice of renal replacement therapy
Rationale

The currently available types of RRT for AKl in industrialised societies include continuous renal replacement therapy
(CRRT), intermittent haemodialysis (IHD) and newer “hybrid” therapies such as extended duration dialysis (EDD),
sustained low-efficiency dialysis (SLED) and the Genius system. Acute peritoneal dialysis (PD) is another option but
is rarely used in adult patients in high income countries.

CRRT has the advantage of better haemodynamic tolerance due to more controlled fluid removal over a longer
period, and gentler fluid shifts due to less intense solute clearance. Intermittent RRT results in faster fluid and
solute removal which can lead to haemodynamic instability, metabolic fluctuations and shifts in fluid distribution.
However, intermittent RRT offers the advantage of allowing the patient to mobilize and participate in active
physiotherapy and rehabilitation. It also provides “down-time” for diagnostic and therapeutic procedures and
allows rapid solute clearance when this is necessary (e.g. in severe, refractory hyperkalaemia).
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No clear benefit of one modality over another has been demonstrated in terms of patient outcomes. In many of the
earlier observational comparisons of the two approaches there was a bias for the more critically ill patients to
receive CRRT rather than IHD.[1, 2] Prospective randomised controlled trials (RCTs) have failed to show a survival
advantage with either modality. The Hemodiafe study was a multicentre RCT comparing IHD with continuous veno-
venous haemodiafiltration (CVVHDF) in 359 critically ill patients.[3] Consistent with previous smaller trials[1, 2]
there was no difference in mortality. This study is noteworthy in that IHD was successfully delivered to patients
with marked haemodynamic instability using cooled, high-sodium dialysate. The SHARF study was a multi-centre
collaboration which randomised 316 AKI patients to IHD versus continuous veno-venous haemofiltration (CVVH)
and found no difference in outcome.[4] Finally, in the CONVINT trial, 252 critically ill patients with AKI were
randomized to daily IHD versus CVVH.[5] Again, there was no statistically significant difference in mortality or renal-
related outcome measures. Seeking to address this question in a larger cohort, the prospective observational
OUTCOMEREA study (N=1,360) used marginal structural Cox modelling to reduce confounding by patient
characteristics. Overall no difference in survival accompanied the use of IHD versus continuous RRT.[6]

A number of meta-analyses have also been performed.[7-12] Despite the inclusion of different study sets, all came
to the conclusion that mortality outcomes were similar in critically ill AKI patients treated with CRRT or IHD.
However, individual studies used different criteria for AKl and initiation of RRT. Furthermore, the high rate of cross-
over between treatment modalities hampered interpretation.

Acute brain injury is a specific situation in which preferential selection of CRRT is considered advantageous.
Although there are no trials comparing intermittent and continuous modalities in this setting, vulnerability of the
injured brain to osmolyte/fluid shifts and hypoperfusion supports selection of a low intensity modality.[13] Rapid
clearance of osmotically active solutes from plasma by IHD creates an osmotic gradient between plasma and cells,
favouring brain swelling [14] (‘dialysis disequilibrium syndrome’). Pre-existing cerebral oedema and the reduced
cerebral tissue compliance that accompanies brain injury likely limit the capacity of the brain to accommodate IHD-
induced fluid shifts. Acute elevations in intracranial pressure have been observed in brain injury patients
undergoing IHD and there are a number of case reports of associated fatal brain herniation.[13] Thus, for this
specific patient group, CRRT seems the safest approach.

Noting the absence of mortality difference between modalities in unselected AKI cohorts, some studies have
focused on renal recovery. A meta-analysis of 7 RCTs involving 472 AKI survivors found no difference in the rate of
dialysis dependence.[15] However, pooled analysis of 16 observational studies including 3,499 survivors suggested
a higher rate of dialysis dependence among those who received intermittent RRT as the initial modality compared
to CRRT.[15] Other long-term retrospective observational studies from Sweden and Canada also found more
frequent recovery of renal function after CRRT[16, 17] but may simply reflect differences in patient characteristics
associated with modality selection. The prospective OUTCOMEREA study found no relationship between modality
and renal recovery.[6] Ideally, an adequately powered high-quality RCT is required to determine whether CRRT and
IHD affect long-term renal outcome differently, but the study size and funding required are major limitations along
with the need to account for illness acuity and delivered RRT dose in the randomisation process.

Some analyses have also turned their attention to cost. Both a retrospective cohort study and a prospective
assessment of cost in a RCT have suggested that IHD may be cheaper than CRRT.[18, 19] However, a recent
international, multi-centre, observational study demonstrated considerable heterogeneity in costs but noted four
domains — nursing, fluids, anticoagulation and extracorporeal circuitry — which might be interrogated for potential
savings.[20]

Current consensus is that intermittent and continuous RRT modalities should be considered as complementary
treatments. When deciding whether to initiate intermittent or continuous RRT, the following factors should be
considered: haemodynamic stability of the patient, their ability to tolerate fluid removal, the presence of acute
brain injury or cerebral oedema, medical and nursing expertise and the availability of the necessary equipment. In
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patients who are haemodynamically stable and without acute brain injury, intermittent and continuous RRT are
appropriate. However, in patients with haemodynamic instability or signs of acute brain injury, CRRT is considered
the modality of choice.

Hybrid therapies have been proposed as an alternative to IHD and CRRT. They offer some of the advantages of both
modalities, i.e. more controlled fluid removal over a longer period compared to IHD and planned “down-time” for
rehabilitation and diagnostic and therapeutic interventions. Comparative studies of continuous and hybrid
techniques are limited, but demonstrate similar haemodynamic tolerance.[21, 22] Meta-analyses of randomised
studies comparing extended daily dialysis (including SLED and prolonged haemodiafiltration) with CRRT found no
significant effects on mortality, recovery of function or days in intensive care.[23, 24] RCTs comparing IHD with
hybrid therapies for AKI have not been performed.

Acute PD is a treatment option for AKI. In high income countries acute PD is mainly confined to children. It is
contraindicated in those with acute abdominal pathology. It may also not provide satisfactory clearance and control
of fluid balance in patients who are hypercatabolic or fluid overloaded. There are a limited number of studies
comparing acute PD to CRRT in adults. All were undertaken in low and middle income countries and their
applicability to UK practice is unclear. Phu et al randomized 70 patients with AKI and malaria/sepsis to PD or CVVH
and found a lower mortality rate in patients who received CVVH.[25] However, other trials comparing acute PD to
daily IHD[26] and extended daily HD[27] found no difference in survival. In paediatric practice, peritoneal dialysis
remains an effective form of RRT, especially post cardiac surgery.[28]

In summary, analysis of the currently published studies does not allow the recommendation of one modality over
another for all patients. Instead, it is recommended to base the choice of modality on the individual patient’s
needs. Key factors are the degree of haemodynamic instability and the patient’s physiologic reserve to tolerate
metabolic shifts and fluctuations in fluid status. It should also be recognized that a patient’s condition may change
and the modality of RRT may need to be adjusted accordingly. (Table 5)

Table 5
Suitability in Solute Volume
Modality haemodynamically Anti-coagulation
unstable patients clearance Control
Peritoneal dialysis yes moderate unpredictable no
Intermittent only with careful ) .
. . . high moderate not essential
haemodialysis measures in place
Hybrid techniques possibly high good not essential
CVVH yes moderate/high good not essential
CVVHD yes moderate/high good not essential
CVVHDF yes high good not essential

Abbreviations: CVVH = continuous veno-venous haemofiltration; CVVHD = continuous veno-venous haemodialysis;
CVVHDF = continuous veno-venous haemodiafiltration
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Choice of membrane and fluids
Rationale

Semipermeable hollow-fibre dialysers are used for solute clearance and ultrafiltration in IHD and CRRT. All induce a
degree of oxidative stress along with activation of complement and other blood components (i.e. all, to a degree,
have some element of bioincompatibility) but more modern, modified membranes are considered to be more
biocompatible than earlier-generation materials (i.e. less complement and cytokine activation and reduced
oxidative stress). Although bioincompatibility is potentially harmful, a Cochrane meta-analysis of 10 controlled
trials concluded that there was no demonstrable clinical advantage to the use of biocompatible versus
bioincompatible membranes in patients with AKI treated with IHD.[29] However, comparison of individual studies
was compromised by variability in methodology, definitions of AKI and other aspects of dialysis provision, such as
timing of initiation and adequacy. No study was blinded.

A different meta-analysis by Subramanian et al. concluded that survival was worse with the use of non-
biocompatible membranes.[30] However, this effect may have been confined to unsubstituted rather than
modified cellulose membranes. Furthermore, the meta-analysis included a large, observational study that may have
potentially skewed results in favour of biocompatibility. As suggested by the Kidney Disease Improving Global
Outcomes (KDIGO) guideline, more research is necessary to determine whether the dialyzer membrane
composition has an impact on patient survival and renal recovery.[31]

Solutions used for haemodialysis or haemofiltration contain lactate or bicarbonate as a buffer. Driven by concerns
about exacerbating existing lactic acidosis, particularly in those with liver failure, the use of bicarbonate-based
fluids has increased. The evidence of benefit over lactate-based solutions is inconsistent, with some studies
showing no substantive differences in metabolic parameters, acid-base status or haemodynamics[32] whilst others
showed improved haemodynamic stability[33, 34] and more rapid control of systemic acidosis[35]. Despite these
conflicting data, the likelihood of benefit, especially in sicker patients, and the commercial availability of suitable
solutions, seem to justify their use in AKI.

A final consideration in the use of dialysate/replacement fluids is their microbial integrity. The potential for
clinically significant transfer of pyrogen-inducing material in dialysate and substitution fluids is well recognised in
chronic dialysis settings.[36] The common use of relevant hardware for both acute and chronic intermittent
haemodialysis programmes (i.e. portable reverse osmosis units and dialysis machines) should mean that uniform
microbial safety standards apply across services. However, although the problem of bacterial contamination of
CRRT circuits is well described,[37-39] rigorous microbial surveillance is not, as yet, well established in critical care
practice. The optimal balance between circuit lifespan and microbial integrity remains uncertain but contamination
of replacement fluid (which is infused, systemically) may have greater clinical impact than that of dialysate.[40]
Whilst uncertainties remain, we recommend that established standards used in chronic programmes should be
mirrored in CRRT practice including the requirement for ultrapure delivery of replacement fluids.[36]

Vascular access for RRT
Rationale

Vascular access is crucial to the provision of modern RRT. Inadequate size, length or position of the catheter is a
frequent cause of premature clotting and under-delivery of the prescribed RRT dose.

Several dialysis catheters are available, with the dual-lumen design being the most popular because of ease of
insertion and good flow characteristics. Temporary catheters are usually made of thermoplastic elastomers that are
rigid at room temperature to facilitate insertion and that soften at body temperature to minimize vessel
damage.[41] Dialysis catheters are thrombogenic. Heparin-coated dialysis catheters are available for chronic
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dialysis but there are no published clinical studies in adult critically ill patients that compare dialysis catheter
function for heparin-coated and non-coated catheters.[41]

Non-tunnelled and non-cuffed catheters are usually used for short-term RRT. Tunnelled and cuffed catheters are
indicated if RRT is anticipated to be prolonged and the patient is infection free. A small, single-centre RCT
compared the performance of tunnelled to non-tunnelled femoral catheters in 30 critically ill patients with AKI
requiring renal support.[42] Tunnelled access was found to give better flow characteristics, greater longevity and
less likelihood of a prescription-delivery shortfall. However, the insertion procedure of tunnelled lines took longer,
resulted in more femoral haematomas and led to more insertion failures. Of note, all catheters were inserted by a
single operator. Without further supporting data, initiating acute RRT via a tunnelled catheter is not
recommended.[31]

One RCT evaluated the impact of Rifampicin-coated femoral dialysis catheters in ICU patients.[43] The rate of
catheter-related infections was significantly lower in patients with antibiotic-coated catheters compared with
standard dialysis catheters. However, the overall risk of bloodstream infections was low. Concern has also been
raised about the potential risk of emerging antibiotic resistance. At present, the routine use of antimicrobial-coated
dialysis catheters cannot be recommended.

The insertion site of the catheter depends on the patient’s characteristics, the availability of the anatomical site,
the skills of the operator and the potential risk of site-specific complications. The right internal jugular vein is the
preferred upper body access. The left jugular position is associated with a higher rate of complications and catheter
dysfunction. Tips of temporary dialysis catheters inserted into the upper body should ideally be placed close to the
right atrium but not beyond the superior vena cava to avoid damage to the right atrium.[41] Since tunnelled
catheters are softer they are ideally positioned with tip in the mid/upper right atrium for optimal flows.[44] For
internal jugular access, both 15-20cm and 20-24cm catheters appear to be safe.[45] For femoral access, the
catheter tip should be placed in the inferior vena cava to minimize blood recirculation and catheter dysfunction.
Femoral catheters <20cm have significantly greater blood recirculation and higher risk of premature clotting than
those >/=20cm.[46]

Compared with internal jugular access, the subclavian approach is associated with a higher incidence of both
accidental pneumothorax and venous stenosis. The latter may compromise future ipsilateral permanent upper limb
arteriovenous access. Subclavian access is thus best avoided in those with a likelihood of progressing to advanced
CKD or end-stage renal failure.

Use of real-time ultrasound guidance for catheter placement has been demonstrated to be associated with a better
success rate, fewer complications and shorter time required for the procedure.[47-50]

The rate of catheter-related colonization and infection increases with duration. Therefore, dialysis catheters should
be removed as soon as they are no longer needed. There is currently no clear evidence to define the optimum
frequency of routine catheter changes. Local infection control policies should be adhered to when deciding when to
change the catheter. It is generally advisable that femoral catheters be replaced by upper body access once the
patient starts to mobilise.

A systematic review including ICU patients with different types of catheters concluded that guidewire exchanges
were associated with fewer mechanical complications compared with new-site replacement but there was a trend
towards a higher rate of catheter colonization, regardless of whether patients had a suspected infection.[51]

We recommend that dialysis catheters be reserved solely for the purpose of RRT because repeated manipulations
for non-RRT related reasons may increase the risk of contamination.

Vascular access in paediatric patients relies on the use of tunnelled or cuffed double-lumen catheters, placed in the
internal jugular vein. Temporary percutaneous double lumen catheters may be placed but carry a higher risk of
accidental displacement in an active, non-compliant paediatric patient. Temporary lines if used for prolonged
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period of time require replacement in accordance with local unit guidelines. The lumen size and length of catheter
inserted is based on patient weight, individual unit polices will vary. A comprehensive discussion of vascular access
considerations in paediatric patients is given in reference [52].

There is evidence that the use of antibiotic or antimicrobial (such as taurolidine or 4% citrate) line locks reduces the
incidence of catheter-related bacteraemia in chronic dialysis patients [53, 54] although these are not in widespread
use in paediatric practice. Whilst concerns have been raised that the use of some antibiotic locking solutions may
lead to development of resistant organisms,[55] the routine use of antimicrobial locks for patients with endstage
renal disease and tunnelled dialysis catheters is now recommended by UKRA[56] and ERA-EDTA[57] guidelines.
Catheter-related bloodstream infections are also a potential problem in RRT delivered for AKI, so it is appropriate
to take the same approach in this setting.

We have not attached a specific audit measure to the undoubtedly important issue of dialysis catheter-related
bacteraemia as intended target organisations for this guideline include acute hospitals Trusts within the UK, which
should already have robust processes for infection surveillance. Where these processes might not exist, we strongly
recommend the establishment of ongoing, rolling audit of the incidence of dialysis catheter-related bacteraemia in
patients with AKI.

Finally, as well as the importance of insertion technique and safe maintenance of temporary vascular access, we
note the Regulation 28 letter (“Report to Prevent Future Deaths”) issued from the Coroner’s Office in relation to a
death from blood loss following removal of a temporary femoral dialysis catheter [58]. Joint National Guidelines
are being developed by the Renal Association, British Renal Society and Intensive Care Society (anticipated 2019)
but, in the interim, the Renal Association Patient Safety Committee has recommended that all renal units review
their current practice in relation to various precautions and patient monitoring when femoral access removal is
planned, and as linked, here: https://renal.org/patient-safety-alert-response-reported-death-blood-loss-following-

removal-temporary-femoral-dialysis-catheter/

Anticoagulation for extracorporeal therapies
Rationale

Premature clotting of the extracorporeal circuit is the most common reason for interruptions in treatment and
under-delivery of the prescribed dose of RRT. There are multiple reasons why the filter may clot prematurely,
including inadequate vascular access, haemoconcentration induced by ultrafiltration, the pro-coagulant state of the
critically ill patient and the air-blood interface in the venous bubble trap. Concurrent use of systemic anticoagulants
for other indications (e.g. a prosthetic heart valve) or the presence of a coagulopathy may make the administration
of additional anticoagulation to facilitate RRT unnecessary. However, for most patients undergoing RRT,
anticoagulation is desirable to reduce the risk of circuit clotting.

The most widely used anticoagulant for RRT in patients with AKI is unfractionated heparin (UFH).[59, 60] Other
anticoagulants include low molecular weight heparin (LMWH), epoprostenol, heparinoids and citrate. Although an
effective anticoagulant for intermittent haemodialysis in patients with CKD, UFH may be less effective in acutely ill
patients with AKI as many acute illnesses are associated with reduced levels of antithrombin.

Citrate has emerged as a very effective regional anticoagulant during CRRT. It is infused into the pre-filter line and
acts by chelating calcium. Calcium is re-infused separately via the return line to maintain normal systemic ionised
calcium concentrations. Control systems that regulate citrate and calcium infusion rates to optimise regional
anticoagulation are available to facilitate CVVH and CVVHD. Citrate has the advantage that anticoagulation is
limited to the circuit without anticoagulating the patient, thus allowing its use in patients at risk of bleeding. At
least 8 RCTs have confirmed the improved safety of citrate over heparin (less bleeding complications, lower
transfusion requirements).[61-63] Some studies also showed significantly better filter survival rates.
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Citrate itself is harmless. It is metabolized to bicarbonate predominantly in liver, kidneys and skeletal muscle via the
Krebs cycle. However, in the setting of impaired citrate metabolism, citrate may accumulate and cause metabolic
acidosis. Citrate can be used in patients with liver failure but the risk of accumulation is increased and therefore
extra vigilance is required. Retrospective analyses have shown that routinely used parameters of liver function are
inadequate to predict whether patients with liver failure are able to metabolise citrate or not.[64]

Safe use of citrate requires that staff involved in initiating and delivering the therapy are adequately trained and
familiar with all aspects of the technique, including management of potential complications.

For patients undergoing IHD, use of citrate-containing dialysate may help limit heparin requirements. Low dialysate
citrate concentrations (of the order of 1mM) provide some anticoagulant action at the dialyser without the need
for calcium infusion.[65] However, the benefits of this approach have yet to be tested in a large trial.

Regional citrate anticoagulation has a decades-old history of use in IHD, pre-dating its use in the CRRTs, but is not in
widespread use in contemporary AKI practice; the high burden of ionized calcium testing and the availability of
other low/no anticoagulation approaches in IHD may, in part, explain this.

Regional anticoagulation with heparin and protamine can no longer be recommended since titrating the dose of
protamine required to reverse the heparin effect is not straightforward in the context of their differing half-lives.

For patients with heparin-induced thrombocytopenia (HIT), regional anticoagulation with citrate is an option.
Alternatives include epoprostenol and argatroban [66]. The synthetic heparinoids, danaparoid and fondiparinux
may also be used [67], although cross reactivity with HIT antibodies has been reported. If these agents are used in a
case of HIT and the peripheral platelet count does not increase within 72 hours, cross reactivity should be
suspected. It should also be remembered that danaparoid, fondaparinux and hirudin are all renally excreted and
their half-lives are extended in AKI.

For patients at high risk of bleeding and in whom regional citrate anticoagulation is considered contraindicated,
RRT should be performed without anticoagulation. In these circumstances a saline flush strategy is usually adopted
for IHD, or predilutional replacement for haemofiltration. The reduced haematocrit at the dialyser/filter attenuates
the risk of circuit clotting, but at the expense of a reduced solute clearance due to solute dilution.[68, 69]

No specific audit measure has been attached to this section — under-delivery of the prescribed dose due to circuit
clotting would be revealed in the broader dosing audit (see below), whilst a signal on bleeding complications would
be revealed by routine mortality and morbidity review and serious incident reporting on units responsible for
delivering acute RRT. We would, however, encourage units to undertake such reporting as a matter of standard
unit practice.

Renal replacement therapy prescription
Rationale

The dose of RRT is a measure of the quantity of a solute that is removed from the patient. In patients on chronic
intermittent haemodialysis, the dose of treatment is expressed as the urea reduction ratio (URR) or Kt/V (single-
pool or equilibrated). There are fundamental differences in provision of RRT to patients with established renal
failure compared to those with AKI, including intra- and inter-individual variability in key clinical and dialytic factors,
such as total body water, urea generation rate and haemodynamic tolerance of treatment. [70] A greater
propensity to haemodynamic instability may also affect dialysis dose delivery, at least for intermittent
haemodialysis [71]. Thus, the individualised prescription of a dose of RRT should be undertaken daily for CRRT and
at each session for intermittent RRT and should be supported by accurate weight measurements. A final
complicating factor is the difficulty in comparing RRT dose across modalities of different ‘intermittency’ — the same
weekly delivered Kt/V will equate to quite different levels of total solute removal in 3x / week IHD versus 6x / week
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IHD versus CRRT.[70] Although unified dosing is possible,[72] the current literature is largely limited to non-
transferrable techniques such as effluent flow rates and Kt/V (see below).

In patients receiving CRRT, clearance of small, uncharged molecules such as urea or creatinine is essentially equal
to the delivered effluent rate. Therefore the effluent rate is often used as a surrogate for urea clearance. However,
effluent rates only represent clearance of small solutes. Other important aspects of RRT which also need to be
considered when prescribing a dose are sodium and water balance and acid-base homeostasis.

There is a paucity of data regarding what constitutes an “adequate” treatment dose of RRT in AKI. Since 2000, there
have been 9 RCTs,[73-81] most of which have examined different intensities of CRRT. Two single centre studies
showed better outcomes with increased intensity of small solute clearance.[73, 77] In contrast, the two largest
multi-centre RCTs, the ATN study (N=1124) and the RENAL study (N=1464) showed no benefit in patient survival or
renal recovery with a higher dose of RRT.[74, 76] An individual patient data meta-analysis confirmed no benefit to
intensities of CRRT with effluent flow rates of 35-48ml/kg/hr compared to 20-25ml/kg/hr.[24] We therefore
recommend that the delivered RRT dose for patients treated with CRRT (including CVVH delivered with post-
dilutional fluid replacement) should be 25ml/kg/hr. Delivering a dose beyond 25ml/kg/hr may have unwanted
adverse effects (i.e. unrecognized loss of trace elements and drugs)[74, 80] and additional cost. If there are
particular concerns about metabolic control in individual patients (e.g. severe hyperkalaemia or hypercatabolism)
we suggest that the addition of a dialytic component to CVVH (i.e. CVWHDF) may allow higher delivered RRT doses
without the risk of filter clotting due to excessive haemoconcentration with higher volume haemofiltration. In
patients receiving pre-dilution CVVH, the delivered filtration dose should be increased in order to achieve a
clearance equivalent to a post-dilutional dose of 25ml/kg/hr.

In terms of intermittent RRT for AKI, the ATN trial rand for instance, randomised patients with AKI to different
intensities of RRT, incorporating both CRRT and intermittent modalities (haemodialysis or SLED — sustained low
efficiency dialysis), depending on haemodynamic stability.[76] Patients undergoing IHD or SLED received either
daily or alternate day treatment with delivered spKt/V averaging 1.3 / session. The higher intensity arm did not
have an improved survival or recovery of function. In a smaller study, Schiffl et al. found that a daily regime
delivering a weekly Kt/V of 5.8 gave a lower mortality and faster recovery of function than a low intensity alternate
day approach delivering a weekly Kt/V of 3.0 although the latter was well below the threshold that would have
been deemed acceptable for a chronic haemodialysis schedule.[81]

In the absence of further, high quality evidence, small solute clearance shown to be sufficient to achieve optimal
outcomes in end-stage renal disease patients (i.e. a urea reduction ratio (URR) = 65% or single pool (sp)Kt/V = 1.2
per session), would seem a reasonable delivery goal for those with AKI. However, as several studies have shown
that the delivered dose of RRT can be markedly lower than that prescribed[69, 82, 83], we recommend that
clinicians should target a URR of 70% or spKt/V of 1.3 in individual sessions — thresholds which would tally with
those (delivered) in the lower intensity arm in the ATN study. It would seem reasonable to apply similar treatment
goals to those receiving one of the hybrid therapies such as SLED.

Over- as well as under-dosing of RRT is to be avoided. For patients commencing haemodialysis with a very high
serum urea, particular care should be taken not to lower the urea concentration too rapidly due to the risk of
causing cerebral oedema (‘dialysis disequilibrium syndrome’). Standard practice to limit this risk includes the use of
lower blood flows, a smaller surface area dialyser and short, frequent treatments. There is no good evidence
defining a rate of urea removal that should not be exceeded. Some have recommended targeting a URR of no more
than 40% over 2h for the first dialysis, [84] but the absolute starting concentration of urea will determine what is
safe, together with patient-specific factors. There is little evidence to indicate a urea threshold above which the
risks of dialysis disequilibrium syndrome increase but guideline development group consensus was to suggest lower
intensity initiation of IHD when blood urea exceeded 30 mmol/L. For patients transitioning from CRRT to IHD there
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is no need routinely to initiate HD with short, low intensity sessions because a very high urea concentration would
be unusual in this context.

There is little data on dose comparisons in critically ill patients receiving peritoneal dialysis (PD) [85]. If PD is to be
used, automated peritoneal dialysis machines are the preferred method for delivering individualised peritoneal
dialysis dose and accurately measuring ultrafiltration.

Timing of initiation of renal replacement therapy
Rationale

The decision to start RRT is straightforward in patients with an emergency indication (Table 2). However, in the
absence of these overt manifestations the optimal time to initiate RRT is unknown. The benefits of “earlier”
initiation of RRT (i.e. improved metabolic and fluid status) have to be balanced with the potential harm of RRT (i.e.
complications related to line insertion, anticoagulation, financial costs etc.). Data from observational studies
suggest that “earlier” RRT may be associated with improved survival but data from RCTs are conflicting.[75, 86-89]
The recent, single-centre ELAIN study reported that early RRT initiation (within 8h of stage 2 AKIl) improved survival
compared with a later start (within 12h of stage 3 AKI or following development of standard indications).[90] In
addition, early initiation of RRT significantly reduced the occurrence of major adverse kidney events and enhanced
renal recovery at 1 year. [91] In contrast, the multi-centre AKIKI study reported that for critically unwell patients
with AKI stage 3 there was no increase in mortality when RRT initiation was deferred until the development of
severe hyperkalemia, metabolic acidosis, pulmonary oedema, urea >40mM or oliguria for more than 72 hours.[92]
The multi-centre IDEAL-ICU study randomized patients with early septic shock and ‘Failure’ grade AKI (according to
RIFLE criteria) but without life-threatening complications to receive RRT within either 12 hours of documentation of
this stage of AKI or after 48 hours if renal recovery had not yet occurred [93]. The trial was halted early due to
futility after the second interim analysis showing no significant differences in 90 day mortality between either arm.

Meta-analyses are hampered by varying definitions of early and late starts and by the fact that studies
encompassed at least 4 decades of experience and widely different populations.[94] The results of a large ongoing
multi-centre RCT is awaited. [95] Currently most clinicians base their decision whether or not to start RRT on a
combination of clinical, physiological and laboratory parameters and their trajectories (Table 2).[96-98] The
initiation of RRT for the treatment of certain poisonings is also recommended [99] but will not be addressed in this
Clinical Practice Guideline.
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Table 6. Indications for initiation of renal replacement therapy in AKI and relevant factors influencing the
decision.

Indications for RRT

e Refractory hyperkalaemia (K>6.5mM)

e Refractory metabolic acidosis (pH<7.15)

e Refractory fluid overload

e End organ involvement (pericarditis, encephalopathy, neuropathy, myopathy, uraemic bleeding)

e Certain poisonings (e.g. lithium, toxic alcohols)

Factors to consider in an assessment of the anticipated need/benefit of RRT

e Current levels and trajectories of biochemical parameters (K, pH, urea)
e Uraemic solute burden (increased in tumour lysis syndrome, rhabdomyolysis, hypercatabolic states)

e Requirement for intravascular space to allow administration of therapeutic interventions (e.g. blood
products, nutrition)

e Degree and duration of oliguria

e Resolution/persistence of underlying renal insult

e Presence of other organ dysfunction (affecting tolerance of uraemic complications)

e Presence of other electrolyte disturbances (e.g. hypercalcaemia) that may be corrected by RRT

The evidence base for discontinuation of renal support with recovering renal function is even less clear than that
for its initiation. In the BEST Kidney study, an increase in urine output was the most important determinant of
recovery of kidney function.[100] Patients with a spontaneous urine output >400-450ml/day without diuretics or
>2,300ml/day with diuretic support had a >80% probability of sustained weaning from RRT. In a retrospective study
of 304 postoperative patients treated with RRT, predictors of successful liberation from RRT were higher (and
increasing) urine output, shorter duration of RRT-dependence, younger age and less extrarenal organ
dysfunction.[101] Other retrospective studies have suggested that measurement of urinary urea or creatinine
excretion might refine the prediction of a successful wean from RRT,[102, 103] but whether these parameters are
useful in clinical practice remains to be determined. To date, there are no other reliable indicators or tests which
predict successful weaning from RRT.

Lay Summary: Renal Replacement Therapy

When the kidneys suddenly stop working because of acute kidney injury the substances they normally remove
(acid, certain salts, toxins and fluid) build up in the body. Ultimately this can be life threatening, so patients may
require emergency dialysis (artificial kidney treatment, also known as renal replacement therapy, or RRT) to
remove these substances. To perform dialysis, a thin tube is first inserted into a vein in the neck or groin under
local anaesthetic. The dialysis machine then pumps blood from the patient through this tube and over a dialysis
membrane before returning it back through the tube to the patient. The dialysis membrane has tiny holes in that
allow unwanted substances to filter out of the blood. To prevent blood clotting in the dialysis membrane,
anticoagulation (‘blood thinning’ treatment) is used. For outpatients with longstanding kidney failure a typical
dialysis treatment session lasts 4 hours and is provided 3 times a week, but for acute kidney injury the session
length and frequency may vary. Dialysis does not make the kidneys better, but takes over the job of poison removal
until the kidneys recover. Blood tests will show whether the kidneys are recovering, but the return of urine
production is often the first sign.
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Patients with kidney failure who are very unwell on intensive care units may be treated with a slower, more

continuous form of dialysis. This is because standard dialysis treatment can lower blood pressure and a lower

intensity of toxin removal provided over a longer period of time may be better tolerated.

The current guidelines provide advice to healthcare professionals on when to start RRT, how much RRT is needed,

what kind of RRT to provide and which anticoagulation to use, for patients with severe acute kidney injury.
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10. Discharge planning
Guideline 10.1 - Adults and Paediatrics

We recommend that:

® the discharge summary should include a record of AKI detected whilst in hospital, its maximum stage, aetiology,
the need for renal support (temporary / ongoing), and discharge renal function, if dialysis-independent (1D)

® the discharge summary should include specific recommendations on the need for immediate, post-discharge
monitoring of renal function, advice on drug therapy that may have been implicated in the episode (e.g.
avoidance, scope for re-introduction, future sick day guidance), and information offered to the patient, relatives
and / or carers (1D)

® the discharge summary should link to relevant local guidelines, advise on the need for documentation of the AKI
in the primary care record and note the need for registration on the primary care CKD register if residual CKD
exists at the time of discharge (1D)

® formal post-discharge nephrology review should be arranged (1C):
® within 90 days for those with residual CKD stage G4 at hospital discharge
® within 30 days for those with residual CKD stage G5 (non-dialysis-requiring) at hospital discharge

® within 30 days for those with ongoing dialysis requirements at the time of hospital discharge

Audit measure 21: Proportion of discharge summaries of patients diagnosed with AKI during hospitalisation in
whom this is recorded
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Audit measure 22: Proportion of patients diagnosed with AKI during hospitalisation, left with residual CKD who
have a documented management plan for their CKD in the discharge summary

We recommend that audits 21 and 22 should be conducted at least annually over a two week period. The
frequency of re-audit should be driven by local results from these, topic-specific audits but also by broader AKI
audit findings.

Rationale

As already noted in the section on ‘Treatment facilities and transfer to renal services’ the majority of AKI cases are
managed without the need for a renal in-patient stay. This, however, does leave hospital survivors of AKI at risk of a
breakdown in post-discharge communication, particularly when the episode has not been the primary cause of
admission or a prominent in-patient complication. A retrospective review of the quality of discharge
documentation conducted in Australia, for instance, found that ‘Acute renal failure’ was amongst the most
common disorders missed from the summary[1].

There are, clearly, some core elements of the AKI episode that should be included in discharge correspondence, as
discussed, below. It is difficult, however, to be entirely prescriptive given the heterogeneity of AKI aetiologies and
the need for holistic overview of other factors such as co-morbidity. A balanced clinical judgement must, therefore,
be brought to bear in discharge planning as much as in the earlier, active management of the disease.

AKI, as already noted under ‘Definitions epidemiology and outcomes’ and ‘Recognition of the patient at risk of AKI’,
is well recognised as a marker for the future development or worsening of CKD, of increased mortality and of risk
for future episodes of AKI; in addition, links have been made between a prior episode of AKI and subsequent
cardiac and cerebrovascular events, and with future re-admission. These renal and non-renal complications in AKI
survivors are discussed, comprehensively, in reference [2] and make this particular population a high risk group
even when renal function has recovered, in full.

We believe, therefore, that the patient who has suffered AKI whilst in hospital, whether community- or hospital-
acquired, should have the following information included in their discharge summary:

® The maximum stage of AKl suffered *
® The differential diagnosis for the AKI

® we would also suggest noting whether the 1* episode was community-acquired (i.e. evident in the first 24
hours) or hospital-acquired * and whether AKI recurred over the course of the admission *

® Discharge renal function (expressed as both serum creatinine and eGFR if dialysis-independent) *
® Whether renal support was required and if dialysis-dependent at hospital discharge

® |nstructions to flag that the patient has suffered an AKI in the primary care record, also indicating that survivors
of AKI may have a higher risk of cardiac and cerebro-vascular complications, regardless of the degree of
recovery*

® Recommendations to include the patient on the primary care CKD register if CKD evident at discharge *

® Specific recommendations pertinent to that individual including, for instance, the recommended schedule for
any immediate post-discharge follow-up monitoring of renal function, advice on avoidance or re-introduction of
relevant drug therapy, future sick day guidance, and information offered to the patient, relatives and / or carers
about the AKI.

® Reference to relevant local guidelines *
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*Depending on local IT capability, the asterisked items may carry the potential for at least some level of automated
pre-population; the need for review of potentially erroneous AKI alerting (e.g. in the inter-dialytic gap) will be
particularly important in these circumstances.

Although the above is pertinent to all stages of AKI and all venues discharging recent AKI patients from hospital
settings, those who have required renal support or have residual, advanced CKD warrant specific consideration as
they have immediate relevance to renal services. As noted in reference [2], one study from Ontario found that only
40% of patients surviving to hospital discharge after an episode of dialysis-requiring AKI saw a nephrologist within
90 days of discharge [3]. The authors noted, in particular, that those who did have renal contact within this
timeframe had improved survival.

This single-centre study does require corroboration within an NHS context and particularly with the primary -
secondary care interface in mind. For instance, a retrospective, single-centre, observational study from Glasgow
examined the time to CKD (defined as an eGFR < 60 ml/min/1.73 m?) in 396 survivors of dialysis-requiring AKI, who
had recovered renal function to an eGFR of > 60 ml/min/1.73 m? at 12 months or later after the AKI episode [4].
The authors noted a low rate of renal disease progression (8.8% of the cohort by a median of 5.3 years) and that
this usually occurred in those with other co-morbidities (vascular disease, diabetes) that would have warranted
routine monitoring of renal function, anyway.

Thus, until further information becomes available, it would be reasonable to ensure timely, post-discharge renal
contact (even if there had been no relevant in-patient contact) for the following groups:

® Within 90 days for those with residual CKD stage G4 at hospital discharge
® \Vithin 30 days for those with residual CKD stage G5 (non-dialysis-requiring) at hospital discharge

® \Within 30 days for those with ongoing dialysis requirements at the time of hospital discharge

Lay summary

Patients who have suffered acute kidney injury during their time in hospital and have survived to discharge should
have relevant details of the episode communicated in correspondence sent to their general practitioner. These
details should include the severity and likely cause(s), whether the episode left the kidneys with long term damage
(chronic kidney disease), and whether dialysis has been required. Advice may also be given on the monitoring of
kidney function after the discharge, and on the use of particular medication. The information given to patients,
relatives and / or carers should be described.

It is important for GPs to be aware of the episode of AKI and any long term kidney damage to make sure that the
right kinds of follow-up are organised. For those who have been left with the most severe chronic kidney disease
we recommend timely assessment by a specialist kidney doctor after discharge.
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11. Education

Guideline 11.1 — Adults and Paediatrics

We recommend that undergraduate and postgraduate medical trainees should be taught the principles of
prevention, detection and treatment of AKI. (1C)

Rationale

Acute kidney injury may be encountered in all branches of medicine and the opportunity to teach trainees should
be embraced by nephrologists. The NCEPOD “Adding Insult to Injury” report recommended that both
undergraduate and postgraduate medical training for all specialties should include the recognition of the acutely ill
patients and the prevention, diagnosis and management of AKI.[1] There is evidence that medical trainees have not
previously received adequate training in the management of AKI.[2, 3] Educational interventions can demonstrably
improve clinicians’ confidence in AKI awareness and management,[4] though it is difficult to prove that this
translates to improved patient outcomes. The Tackling AKI quality improvement study examined whether
implementation of an AKI educational program, together with e-alerting and care bundles, improved outcomes for
patients with AKIL.[5] No effect on 30-day mortality could be demonstrated, though reductions in duration of AKI
and average length of stay were reported.[6]

Based on recognised deficiencies in AKI recognition and management [1] the importance of the association
between small rises in serum creatinine and adverse patient outcomes should be highlighted. Medical students and
trainees should be taught the principles of volume assessment and fluid prescribing. There should be a
consolidation of inter-specialty training and an emphasis on the development of AKl in the acutely ill patient.

Lay Summary

Acute kidney injury is a common problem affecting patients under the care of a range of medical/surgical
specialties. A 2009 national report highlighted deficiencies in the care provided to patients with AKI. Delivering AKI
education to healthcare professionals is an important step toward improving standards of care. These guidelines
recommend that such education should be provided.
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Appendix 1

The generic, AKI literature was identified through search terms ‘1’ to ‘9’, below, before further refinement

according to topic (terms ‘10’ and upwards). The historical reach of the searches was limited to 2011 based on the

assumption that most current evidence would have been available for:

1. The 5" edition of the UK Renal Association Clinical Practice guideline [1], which was finalised on 8" March 2011
2. The KDIGO Clinical Practice Guideline for Acute Kidney Injury [2], published in 2012, which included a detailed

and comprehensive search strategy [3]

Limitations within the topic-specific searches included human studies, only, published in English. Articles were also

limited to those providing evidence of high grade (e.g. clinical trials, systematic reviews, meta-analyses) but also

included observational studies.

Preliminary searches were run during 2017 but were then updated in April and May 2018, with a final review of

key, emerging evidence undertaken by group review between April and August 2019.

AKI

1 acute kidney injury.mp. or exp Acute Kidney Injury/ Advanced

2 exp Kidney Tubular Necrosis, Acute/ Advanced

3 acute kidney failure.mp. Advanced

4 acute renal failure.mp. Advanced

5 acute renal insufficiency.mp. Advanced

6 acute kidney insufficiency.mp. Advanced

7 acute tubular necrosis.mp. Advanced

8 AKI.mp. Advanced

91or2or3ord4or5o0r6or7or8Advanced

Definition

10 epidemiology.mp. or exp Epidemiology/ Advanced

11 outcome.mp. or exp Patient Outcome Assessment/ or exp "Outcome Assessment (Health care)"/ or exp
Treatment Outcome/ Advanced

12 definition.mp. Advanced

13 staging.mp. Advanced

14 classification.mp. or exp Classification/ Advanced

15100r 11 or 12 or 13 or 14 Advanced

16 9 and 15 Advanced

17 limit 16 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

18 limit 17 to (English language and humans and yr="2011 -Current") Advanced

19 limit 18 to (all child (0 to 18 years)) Advanced

Risk

10 exp risk factors/Advanced

11 exp risk assessment/Advanced

12 exp risk/Advanced
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1310 or 11 or 12 Advanced

14 9 and 13 Advanced

15 limit 14 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

16 limit 15 to (english language and humans and yr="2011 -Current") Advanced

17 limit 16 to (all child (0 to 18 years)) Advanced

Clinical assessment

10 clinical assessment.mp. Advanced

11 Physical Examination/ or examination.mp. Advanced

12 history.mp. or exp Medical History Taking/ Advanced

13 investigation.mp. Advanced

14 exp Diagnosis, Differential/ Advanced

15 exp Diagnostic Tests, Routine/ Advanced

16 exp Kidney Function Tests/ Advanced

1710 or11or12 or 13 or 14 or 15 or 16 Advanced

18 9 and 17 Advanced

19 limit 18 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

20 limit 19 to (English language and humans and yr="2011 -Current") Advanced

21 limit 20 to (all child (0 to 18 years)) Advanced

Management

10 treatment.mp. or exp Therapeutics/ Advanced

11 exp Disease Management/ or management.mp. Advanced

12 exp primary prevention or exp secondary prevention or prevention.mp Advanced

13 10 or 11 or 12 Advanced

14 exp acute kidney injury/pc [prevention and control] or exp Kidney Tubular Necrosis, Acute/pc
[prevention and control] Advanced

159 and 13 Advanced

16 14 or 15 Advanced

17 limit 16 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

18 limit 17 to (English language and humans and yr="2011 -Current") Advanced

19 limit 18 to (observational study)

20 limit 18 to (meta-analysis or randomized controlled trial or systematic reviews)

21 limit 18 to (all child (0 to 18 years)) Advanced

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 114



THE RENAL
ASSOCIATION
founded 1950

Fluid therapy

10 fluid therapy.mp. or exp Fluid Therapy/ Advanced

11 intravenous fluid.mp. Advanced

12 fluid resuscitation.mp. Advanced

13 fluid management.mp. Advanced

14 10 or 11 or 12 or 13 Advanced

15 treatment.mp. or exp Therapeutics/ Advanced

16 exp Disease Management/ or management.mp. Advanced

17 exp primary prevention or exp secondary prevention or prevention.mp Advanced

18 15 or 16 or 17 Advanced

199 and 14 and 18

20 limit 19 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

21 limit 20 to (English language and humans and yr="2011 -Current") Advanced

22 limit 21 to (all child (0 to 18 years)) Advanced

Medicines management

10 medic* optimis*.mp. Advanced

11 exp Medication Therapy Management/ or medic* management.mp. Advanced

12 exp drug prescriptions/ Advanced

13 prescribing.mp. Advanced

14 exp medication errors/ Advanced

15 exp patient medication knowledge/ Advanced

16 exp self-medication/ Advanced

17 exp potentially inappropriate medication list/ Advanced

18 exp medication systems, hospital/ Advanced

19 exp medication systems/ Advanced

2010o0r1lorl12or13orl4orl15o0r16or 17 or 18 or 19 Advanced

21 9 and 20 Advanced

22 limit 21 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

23 limit 22 to (English language and humans and yr="2011 -Current") Advanced

24 limit 23 to (all child (0 to 18 years)) Advanced

Sick day guidance

10 exp patient education as topic/ Advanced

11 drug discontinuation.mp Advanced

12 exp medication therapy management/ Advanced

13 exp withholding treatment/ Advanced

14 drug holiday.mp Advanced

15 sick day rules.mp Advanced

Renal Association Clinical Practice Guideline Acute Kidney Injury (AKI) - August 2019 115




THE RENAL
ASSOCIATION
founded 1950

16 exp self-medication

17 exp patient medication knowledge

18 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 Advanced

19 9 and 18 Advanced

20 limit 19 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

21 limit 20 to (English language and humans and yr="2011 -Current") Advanced

22 limit 21 to (all child (0 to 18 years)) Advanced

Rhabdomyolysis

10 rhabdomyolysis.mp. or exp Rhabdomyolysis/ Advanced

11 exp creatine Kinase/ Advanced

12 10 or 11 Advanced

139and 12

14 treatment.mp. or exp Therapeutics/ Advanced

15 exp Disease Management/ or management.mp. Advanced

16 exp primary prevention or exp secondary prevention or prevention.mp Advanced

17 14 or 15 or 16 Advanced

18 13 and 17 Advanced

19 limit 18 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

20 limit 19 to (English language and humans and yr="2011 -Current") Advanced

21 limit 20 to (all child (0 to 18 years)) Advanced

Nutrition

10 exp nutrition assessment/ Advanced

11 exp enteral nutrition/ Advanced

12 exp parenteral nutrition/ Advanced

13 exp Nutrition Therapy/ or nutrition*.mp. Advanced

14 diet*.mp. or exp Diet Therapy/ Advanced

15 exp Dietetics/ or nutrition* support.mp. or exp Nutritional Support/ Advanced

16 nutri*.mp. Advanced

17 10or 11 or12 or 13 or 14 or 15 or 16 Advanced

189 and 17

19 limit 18 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

20 limit 19 to (English language and humans and yr="2011 -Current") Advanced

21 limit 20 to (all child (0 to 18 years)) Advanced
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Treatment facilities and referral to renal services

10 exp "Referral and Consultation"/ or patient referral.mp. Advanced

11 specialist referral.mp. Advanced

12 exp Health Care Quality, Access, and Evaluation Advanced

13 exp Health Services Administration Advanced

14 exp Health Care Economics and Organizations Advanced

15 exp Health Care Facilities, Manpower, and Services Advanced

16 10 or 11 or 12 or 13 or 14 or 15 Advanced

17 9 and 16 Advanced

18 limit 17 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced

19 limit 18 to (English language and humans and yr="2011 -Current") Advanced

20 limit 19 to (all child (0 to 18 years)) Advanced

Renal support

10 dialysis OR haemodialysis OR haemodialysis

11 renal replacement OR renal support

12 hemofiltration OR haemofiltration OR CVVH

13 haemodiafiltration OR haemodiafiltration OR CVVHDF

14100r1lorl12or13

159 and 14

16 limit 15 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews)

17 limit 16 to (English language and humans and yr="2011 -Current")

18 limit 17 to (all child (0 to 18 years))

19 limit 18 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews)

20 limit 19 to (English language and humans and yr="2011 -Current")

Discharge planning

10 exp Patient Discharge/ or discharge plan*.mp. Advanced

11 exp Patient discharge summaries/ Advanced

12 hospital discharge.mp. Advanced

1310 0r 11 or 12 Advanced

149 and 13

15 limit 14 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or
multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews) Advanced
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16 limit 15 to (English language and humans and yr="2011 -Current") Advanced
17 limit 16 to (all child (0 to 18 years)) Advanced

Education

10 education OR training
11 limit 10 to (clinical trial, all or clinical trial, phase i or clinical trial, phase ii or clinical trial, phase iii or
clinical trial, phase iv or clinical trial or comparative study or controlled clinical trial or meta-analysis or

multicentre study or observational study or practice guideline or pragmatic clinical trial or randomized
controlled trial or systematic reviews)
12 limit 11 to (English language and humans and yr="2011 -Current")
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Measures apply to all three categories of AKI (community-acquired AKI — never hospitalised, community-acquired AKI — subsequently hospitalised, and hospital acquired

AKI), unless otherwise noted.

Audit measure

UKRR-HES
data extract

Local data
extracts

Local clinical
records
review

Specialist
team audit

Definition, Epidemiology and Outcomes

Incidence; length of hospital stay®; hospital®, 30 day*™" 90 day*™" & 1 year mortality"™"; need for renal
replacement therapy®; maximum severity stage of that AKl episode

At proportion of patients with AKI who recover kidney function by 30 days after an episode of entirely

community-managed AKI or by the time of hospital discharge or in-hospital death and as defined by
return of serum creatinine to within 150% of baseline value

P2ed proportion of patients with AKI who recover kidney function by the time of hospital discharge or in-

hospital death and as defined by: return of serum creatinine to within 150% of baseline value or less than
upper limit of normal reference range if independent of renal support by this time, urine testing negative
for proteinuria in a first voided sample, systolic BP<95™ centile for height, independence from renal
replacement therapy (if renal support required for that episode of AKI)

Recognition of the patient at risk of AKI

Percentage of in-patients with a SCr in the calendar day prior to the first alert of an episode of hospital-
acquired AKI

Stage of AKI at first detection of that episode as an indicator of prior surveillance of at risk patients

Aduls proportion of emergency admissions having renal function checked within 6 hours of admission

Incidence of preventable AKI

Clinical Assessment; History, Examination

Proportion of patients with de novo AKI stage 2 or 3 with a documented differential diagnosis of their AKI
within 24 hours of its development

Clinical Assessment; Investigations

Proportion of patients who have urinalysis performed within 24 hours of the diagnosis of AKI unless anuric
or incontinent of urine

Proportion of hospitalised patients developing AKI secondary to obstruction who have a renal ultrasound
examination < 24 hrs after a diagnosis of AKl is established (< 6 hours after diagnosis if pyonephrosis)

Adltproportion of in-patients with newly diagnosed AKI who have at least daily urea and electrolyte
monitoring to the first of 5 days after AKI established or the end of that hospital episode
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Audit measure

UKRR-HES
data extract

Local data
extracts

Local clinical
records
review

Specialist
team audit

Management

Proportion of patients with AKI stage 2 or 3 having a physiological assessment / NEWS scoring (or
equivalent) within 6 hours of AKI warning stage test result

Proportion of patients with AKI stage 2 or 3 with a documented volume assessment and, where fluid
therapy has been prescribed, a documented re-assessment plan, within 6 hours of AKI warning stage test
result

Medicines Management

Proportion of patients with AKIl stage 2 or 3 having a documented review of medication which may
adversely affect renal function within 6 hours of AKI warning stage test result

Nutrition

Proportion of patients undergoing dietetic review by the calendar day after initiation of renal support

Proportion of patients meeting at least 80% of their estimated energy and protein requirements by the 2™
calendar day after initiation of renal support

Treatment facilities and transfer to renal services

Incidence of delays of transfer of patients with AKI more than 24 hours following referral to renal services
due to a lack of resources on the renal unit

Incidence of patients with single organ AKI admitted to ICU for RRT due to a lack of resources on the renal
unit

Number of AKI in-patient transfers requiring escalation of care within 24 hours of arrival on renal unit

Renal Support

Agreement between prescribed and delivered dose of RRT

Discharge planning

Proportion of discharge summaries of patients diagnosed with AKI during hospitalisation in whom this is
recorded

Proportion of patients diagnosed with AKI during hospitalisation, left with residual CKD who have a
documented management plan for their CKD in the discharge summary

® not ‘community-acquired AKI — never hospitalised’; “" adults only; "

audit measures across this domain
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