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Background – The High Cost of AKI 

 
• Estimated costs to NHS per annum  

£434-620 million in 2011 (Kerr et al, 2014) 

£500 million in 2012 (NHS Kidneycare 2012, now NHS IQ) 

Rising to £1.02 billion in 2014 (Kerr et  al, 2014)  

 
 
 
 

 

• Estimated that 1 in 5 emergency admissions into 
hospital associated with AKI (Wang et al, 2012)  

• Up to 100,000 deaths in hospitals, a quarter to a 
third could potentially be prevented (National Confidential 

Enquiry into Patient Outcome and Death (NCEPOD) Adding Insult to Injury 2009) 



National Algorithm Mandate to Report 

• Work with local LIMS supplier to ensure the test 
result goes to local Patient management systems 
and into a data message sent to a central point for 
national monitoring purposes 
 
 
 

• NHS England patient safety alert - Directive 
issued 09/06/2014  

• 5 action points 

• To be introduced by 09/03/2015 
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Patient 

Renal Units LABS 
LABS 

LABS 

The UKRR: AKI Direct from Labs 
From renal IT systems 
CKD4/5, Acute Dialysis, 
RRT 

HES, ONS 
etc 

Direct from labs 
AKI in 1y and 2y care 



Which Data? Alert File Data Items 
NHS Number 
Local Patient Identifier 
Forename 

Surname 

Sex 

DoB 

Address 1 

Address 2 

Address 3 (Town) 
Address 4 (County) 
Post Code 

Lab Code 

Specimen Number 
Source of Request 
Primary/Secondary Care Indicator Field 

Date of Sample 

AKI Warning stage test result 
Serum Creatinine Result (micromol/l) 

eGFR Test Result 

1. Alert Files - The Warning Grade Test Result 
• Patient Identifiers 
• The index creatinine and eGFR 

2. Creatinine files - Retrospective and 
Prospective Lab Data 
• All creatinine and eGFR data from 

preceding 15 months 
• All creatinine and eGFR data from next 

15 months 



Progress  
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Number of labs submitting data by month 

Currently 111 labs submitted AKI alert files 
(111/154) 



Number of labs submitting data  
for the first time 
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Increase in AKI reporting 

Laboratories are gradually coming on board to submit 
AKI data to the UKRR: 

• In March 2015, 27 (18%) of an estimated 154 
laboratories in England were submitting data, 
increasing to 71 (46%) by March 2016 and 88 by 
March 2017 

• The UKRR has had AKI alert files from 111 labs 
(72%) 



Incidence of AKI 

For the period April 2015 and March 2017: 

 

• 135,423 e-alerts were reported for Yorkshire & the 
Humber (England 1,546,571) 

• 42,561 individual patients were identified as 
having AKI (England  470,400) 

 



AKI reporting Yorkshire & the Humber 

Lab Name Lab Code June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May

AIREDALE 697C0

BRADFORD ROYAL INFIRMARY 690H0

SHEFFIELD CHILDREN'S HOSPITAL 698E0

DONCASTER ROYAL INFIRMARY 69180

HULL & EAST YORKSHIRE 69460

LEEDS GENERAL INFIRMARY 695N0

NORTHERN GENERAL HOSPITAL 693E0

ST JAMES'S UNIVERSITY HOSPITAL 696B0



AKI Data Completeness –  
Yorkshire & Humber 

Y&H Eng 

Total number of labs: 8 91 

Total number of alerts: 135,423 1,546,571 

Total number of patients with NHS number: 42,561  470,400 

Data Item % Complete % Complete 

NHS no 99.7 99.3 

Sex 100.0 100.0 

DOB 99.4 99.9 

Postcode 97.9 97.2 

Care Ind  95.7 96.3 

AKI stage  100.0 100.0 

eGFR (either CKD EPI or MDRD) 78.7 82.9 

Creatinine  100.0 99.2 

Up to date to 
March 2017 



Number and Percentage by AKI Stage 

AKI stage 
 (first alert) 

Number Percentage Eng 

Stage 1 32,616 76.6 78.0 

Stage 2 5,910 13.9 13.2 

Stage 3 4,034 9.5 8.8 

Missing 1 0.0 0.1 

Total 42,561 100.0 100.0 



Percentage of Adult and Paediatric 
patients by AKI stage 

CHILDREN 

AKI stage N % Eng% 

1 1,426 81.4 79.0 

2 234 13.4 12.7 

3 91 5.2 8.2 

Missing 0 0.0 0.1 

Adults 

AKI stage N % Eng% 

1        30,984  76.4 78.0 

2        5,642  13.9 13.2 

3            3,929  9.7 8.8 

Missing 1                 0.0 0.0 



Percentage of adult and paeds patients 
by AKI stage and gender 

AKI stage  
(first alert) 

% Male 
Median age 
 (min, max)  

Stage 1 47.7 72 (0, 95+) 

Stage 2 46.5 73 (0, 95+) 

Stage 3 57.9 71 (0, 95+) 



Percentage of patients by AKI stage and  
age group 

Data item Group AKI stage 1 AKI stage 2 AKI stage 3 

Total (number) 28,065 7,286 6,030 

Age (median) 72.3 73.3 71.0 

Age group (%) < 18 4.2 4.2 2.7 

  18-39 10.0 6.6 6.9 

  40-64 22.3 21.6 26.8 

  65-74 19.0 20.9 22.3 

  75+ 44.6 46.8 41.3 

* Peak alert within 30 days 



30 Day mortality by AKI stage 

* Peak alert within 30 days 
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30 Day mortality by AKI stage and 
age group 

* Peak alert within 30 days 
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AKI: 30-Day Mortality– illustrative data 
AKI cases for one year: 1 Sept 2016 to 28 February 2017 
Analysis restricted to data from labs that sent files for at least 5 of 6 months considered 

**  = blanked cells for areas where >=20 AKI-patients reported but with a low estimate of incidence (<3.5 per thousand persons per year)  

na = no patients with AKI alert in the CCG  

* = blanked cells for areas with < 20 patients with AKI-alert reported  

UK Area Name Code
CCG 

Population

Number 

AKI

Deaths 

with AKI

% 30-days crude 

survival for AKI 

patients

Estimated 

incidence of 

AKI

NHS East Riding of Yorkshire E38000052 314,560 943 223 22.6 5.5

NHS Hambleton, Richmondshire and Whitby E38000069 153,638 362 74 19.4 4.2

NHS Harrogate and Rural District E38000073 158,249 67 **

NHS Hull E38000085 257,589 1,059 230 20.7 7.3

NHS North East Lincolnshire E38000119 159,827 675 149 21.1 7.9

NHS North Lincolnshire E38000122 168,760 752 140 17.6 8.4

NHS Scarborough and Ryedale E38000145 110,136 na

NHS Vale of York E38000188 349,066 33 **

NHS Barnsley E38000006 235,757 38 **

NHS Bassetlaw E38000008 113,654 513 128 24.0 8.5

NHS Doncaster E38000044 303,622 1,449 286 18.7 9.0

NHS Rotherham E38000141 258,689 73 **

NHS Sheffield E38000146 560,085 *

NHS Airedale, Wharfedale and Craven E38000001 158,476 697 152 20.8 8.3

NHS Bradford City E38000018 82,739 23 **

NHS Bradford Districts E38000019 334,626 193 **

NHS Calderdale E38000025 206,355 81 **

NHS Greater Huddersfield E38000064 240,399 68 **

NHS Leeds North E38000094 199,944 646 144 21.3 6.0

NHS Leeds South and East E38000095 241,039 835 162 18.4 6.4

NHS Leeds West E38000096 320,498 877 188 20.4 5.0

NHS North Kirklees E38000121 187,880 84 **

NHS Wakefield E38000190 329,708 164 **

North 

Yorkshire 

and 

Humber

South 

Yorkshire 

and 

Bassetlaw

West 

Yorkshire



CCG coverage – laboratory mapping 



Summary 

• Submission by labs are increasing 

 

• Analysis of AKI data are progressing and we 

are beginning to understand the data better 

 

 



Next steps 
• Further data validation - focus on improving data submission for labs that 

send data but for which there are format and data completeness problems  
• Increase coverage - publish compliance with reporting 
• Providing feedback on data content to try to drive up quality and 

completeness – quarterly lab report 
• Examine the serum creatinine files (from +/- 15 months) 
• Establish the linkages  - HES/ONS, UKRR, Intensive Care National Audit and 

Research Centre 
• Novel statistical analysis: health economics relating to AKI -   greater 

understanding of the association of healthcare resource use and acute 
kidney injury 

 

Use for audit, quality improvement and research 



Acknowledgements 
Thank you to all the healthcare professionals and patients who are participating in the 
Registry’s National Programme on AKI.  
 
Thank you to colleagues at NHS England for their support and advice in delivering this 
programme. 
 
Thank you also to all the people at the UKRR who work in the background to make all 
this possible. 
 

@UKRenalRegistry 
www.renalreg.com 

A programme in partnership with 

@thinkkidneys 



Royal Derby 
Hospital 

 
 
 
 
 

Dr Nick Selby 
Associate Professor of Nephrology 
 
Centre for Kidney Research and Innovation 
Division of Health Sciences and Graduate Entry Medicine 
University of Nottingham 
Royal Derby Hospital  

Tackling Acute Kidney 
Injury 
 



Royal Derby 
Hospital 

5-15% of hospital admissions, 
mortality ~25% and >35% in AKI3 

High incidence, 
poor outcomes 

No specific 
therapies 

Variation in 
care 

The clinical need 
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https://www.thinkkidneys.nhs.uk 
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Think Kidneys: an AKI pathway approach 

Risk assessment 

• ‘Communities at risk’, 
scores 

Improved 
diagnosis 

• Safety alert NHS 
England 

Treatment 

• NICE guidance 

• Care bundles 

• Primary care 

Recovery 

• National CQUIN 

Secondary care 

Primary care 
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Signal of effectiveness: single centre 
data 

• n=8411 
 

• Unadjusted 30-day 
mortality: 
Sep10-Feb11: 23.7% 

Mar11-Aug11: 20.8% 

Sep11-Feb12: 20.8% 

Mar12-Aug12: 19.5% 
 

Chi square for trend p=0.006 

• No differences in LoS or 
rate of renal recovery  
 

 

Cox regression Hazard ratio 95% CI 

Sep10-Feb11 Reference 

Mar11-Aug11 0.9 0.79-1.0 

Sep11-Feb12 0.87 0.77-0.99 

Mar12-Aug12 0.81 0.71-0.93 
Selby NM. Curr Opin Nephrol Hypertens. 2013; 22(6): 637 



Royal Derby 
Hospital 

Same interventions:  

• 29% reduction in AKI mortality (26% 
versus 18.5%) 

• Reduction in AKI patients who 
progressed to stage 3 

• Length of stay declined by 2.4 days 
(12.4% decline, p<0.001) 

• Similar data from Manchester, Royal 
Liverpool 

 

Chandraseekar. QJM. Published online  May 18, 2017 

Mortality rate 

Signal of effectiveness: single centre 
data 
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Debate about effectiveness of AKI detection and alerting 

‘In conclusion, this randomised, 
controlled study did not show a 
meaningful benefit of an electronic 
alert system for acute kidney injury in 
patients in hospital’ 

 

 

 
Wilson et al. Lancet 2015; 385: 1966–74 
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Increasing number of published QI 
studies 

Author Year QI intervention Results 

Goldstein 2013 EHR screening and decision support in 
paediatric pts on nephrotoxins 

Reduction in AKI incidence and intensity 

Brown 2014 Multicentre QI project with CI-AKI prevention 
bundle 

Reduction in CI-AKI 

Balasubramaniam 2011 Early nephrology consult in AKI patient Less progression to higher AKI stages 

Joslin 2015 AKI care bundle Improved AKI recognition and care delivery 

Kolhe 2015 AKI care bundle, interruptive alert and 
education 

Improved care delivery and reduced mortality 

Tsui 2014 AKI care bundle and education Improved care delivery and reduction in ICU 
admission 

Silver 2015 AKI follow-up clinic with automated referral Improved nephrology follow up rates with 
additional care provided 

Chandrasekar 2017 Complex intervention for AKI Improved mortality and reduced LoS, hospital 
outcomes benchmarked 



Royal Derby 
Hospital Central hypothesis: 

 

…the introduction of a package of interventions 
for AKI will improve both basic standards of 

patient care and patient outcomes… 
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Electronic 
detection 

Care 
bundle 

Education 
programme 

Selby NM et al. Clin J Am Soc Nephrol. 2012 
Selby NM. Curr Opin Nephrol Hypertension 2013 
Xu G et al. BMJ Open 2014 
Kolhe et al. submitted PLoS ONE 2014 

Package of interventions 
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Lead organisation: 

 
 

 

Evaluation partners: 

 

 
 

Dissemination partner: 

 

 

 
 

Funder: 

Implementation partners: 

http://www.bradfordhospitals.nhs.uk/
http://jobs.bmj.com/employer/11179/ashford-and-st-peters-hospital-nhs-trust/
https://www.renalreg.org/
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiDuvy-2K3JAhUE2xoKHbovCfEQjRwIBw&url=http://www.eauc.org.uk/university_of_bradford_ecoversity&psig=AFQjCNHYcP3lGoQ09ksrX9yputsi1CRS8A&ust=1448613636400035


Royal Derby 
Hospital Stepped wedge design 

Centre 1 
(Frimley) 

Centre 2 
(Bradford) 

Centre 3 
(ASPH) 

Centre 4 
(LGI) 

Centre 5 
(LSJ) 

Baseline  

 

 Data collection 

Intervention 
 

 

 

 Data collection 

Intervention 
 

 

 

 Data collection 

Intervention 
 

 

 

 Data collection 

Intervention 
 

 

 

 Data collection 

Intervention 
 

 

 

 Data collection 

Post intervention  

 

 Data collection 

Randomisation 
happened on 
11th May 2015 
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Stepped wedge cluster randomised 
study design 

• Avoids contamination of groups 
 

• Overcomes ethical problems w.r.t. failure to address 
variation in care - all centres are exposed to 
intervention 
 

• Improvement over time-series design; differentiation 
between treatment effect vs. time-related factors 
 

• Designed within CONSORT 2010 Cluster RT guidance 
 

• Allows quality improvement approach 
 
 
 
 
 



Royal Derby 
Hospital Data collection 

1. Patient outcome data 
• IT based 
• All patients with one or more results from laboratory detection of AKI 
• Detection runs in control periods but results not visible to end-users 
• Data specification developed 

 

2. Audit of process of care 
• Recurrent audit throughout project (7 cycles in total) 
• 30 cases per centre audited per cycle  
• Audit standards and data collection variables constant between centres 
• Requires manpower to deliver 

 

3. Qualitative 
• Why do elements of the intervention work/not work? 
• Can we develop a ‘how to’ guide for scaling/implementing an AKI package? 

 



Royal Derby 
Hospital Outcomes 

Primary endpoint:    30 day mortality rate in patients with AKI 
 

Secondary endpoints 

a) Patient outcome measures: 

1. Incidence of hospital acquired AKI (h-AKI) 

2. Incidence of AKI progression (AKI that increases by ≥1 stage from that at first detection) 

3. Incidence of individual AKI stages 

4. Length of hospital stay of patients with AKI 

5. Number of critical care bed days used by patients with AKI 

6. Proportion of patients with AKI who achieve complete renal recovery by hospital discharge 

 

b) Measures of basic care: 

• Clinical audit of metrics of basic care 

 

c) Qualitative data 



Royal Derby 
Hospital Sample size calculation 

• Assumptions used were very conservative 
 

• The annual number of admissions in the 5 institutions is ~434,000 Data from HSCIC 
 

• Assumptions: 
 AKI incidence of 2.5% of admissions 
 30-day mortality of 16% 
 Power was set at 80%, alpha at 0.05 and a range of values for inter class correlation (ICC) between 0.01-

0.2 was considered. 
 Cases from transition block (initial 3mnth implementation) not included 

 
• With a trial duration of two years and one centre per randomisation step, we would be able to 

detect a decrease in mortality from 16% to 12.8%.  
 

• This corresponds to a reduction of about 20% in 30-days mortality, or around 300 fewer deaths 
each year across the 5 units 
 



Royal Derby 
Hospital Quality improvement framework 

• Locally led 
 Key AKI team members engaged from outset 
 Education/care bundles can be locally tailored 
 Centres can explore AKI ‘alerting’ above the minimum requirement 

 
• Wider local project team in each hospital 

 
• Change methodology  

 Peer assist and review events: ‘pass on learning’ 
 Measurement for improvement 
 Logic model to demonstrate theory of change 

 
• Ensure executive support 

 
• Project manager support  

 
• Shared materials/experiences 

 Repository, monthly updates, periodic learning events 

 
• Move from implementation to sustainability within life of project 

 
 



Royal Derby 
Hospital Qualitative evaluation 

Where? (context) 

• In all types of hospitals? 
 

What? (description of intervention) 

• What type of AKI package? 

• Who designed and delivered it? 
 

When? (barriers and facilitators/context) 

• At all times of year? 

• When capability/opportunity/motivation is high/low? 
 

For who? (barriers and facilitators) 

• When the package targets nurses/doctors/HCAs? 
 

How? (theory of change) 

• What processes/attitudes/knowledge does the package change? 

7 September, 

2017 

41 
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Project teams 

7 September, 2017 POWERPOINT PRESENTATION TEMPLATE GREEN 44 

Leeds Trust 
Patient/PPI collaboratives 

Leadership Fellow 
BRI collaboration 

External links (National AKI 
alert team) 

Strong executive support 
No audit support (no team) 

Data analyst 

Ashford 
Two clinical leads 
No nephrologist 

Audit support 

BRI 

Nephrologist 

External support (eLearning, IV fluids work) 

Leeds collaboration 

Improvement Academy 

Audit support 

PPI collaborative 

Leadership Fellow 

Frimley 
Initially no Nephrologist 

Dedicated CQUIN/AKI nurse 
Audit support  

No PM originally 

Multidisciplinary teams 
Clinical Lead (varied relevant expertise) 

Project Manager 
Lab 

Health Informatics 
Doctors (senior and junior) 
Nurses (senior and junior) 

Education team 
QI/Professional Standards team 

Pharmacist 
Outreach team 
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AKI Bundle Compliance at one centre: 

41% 
47% 

33% 
38% 

55% 

64% 66% 64% 

76% 

58% 

0%
10%
20%
30%
40%
50%
60%
70%
80%
90%

Revised 
 bundle 

Admission  
pressures 

Arlene 
commences Winter 

 pressures 

Sticker 
bundle  
available 

Good 
evidence of 
interventions 
in medical 
notes 

Measurement for improvement 
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Summary 4: According to frontline staff 

• Education: not enough… 
– Education for all bar nurses problematic? 

 
• Physical environment does not facilitate attendance 

– Perception is that sometimes educations doesn’t allow 
upskilling  
 

• Staff may have a justifiable reason for not attending OR 
habitually not attend anyway 
 

• Different across centres 
 

• Alerts and Care Bundles: not rated as a barriers by those who 
use them 
 7 September, 2017 AKI QUALITATIVE EVALUATION OBSERVATIONS 52 
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What would we have done 
differently? 

 
• Project managers earlier 

• Better understanding of THF 
requirements 

• University of Bradford earlier 

• Measurement for improvement 
resources or alternatives 

• Engagement with division of medicine in 
each hospital 

 

 
• Ward walks from the beginning 

• Nurse/MDT engagement from the 
beginning 

• Geography of the programme 

 

 

POSSIBLE DEFINITE 



Royal Derby 
Hospital 

• Legacy 
• In hospitals, sustainability 

• Make resources available 

 

• Reports and publications 

 

• Dissemination 
• After results 
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Hospital Summary 

 

 

nicholas.selby@nottingham.ac.uk 
www.nottingham.ac.uk/research/groups/renal 

• Tackling AKI is a multi-centre quality improvement study 

• Rigorous data collection and statistical plan 

• Stepped wedge design particularly suited to QI study 

design 

• Change methodology provides a framework to 

successfully introduce and sustain interventions 



Investigating the extent to which the National Early 
Warning Score can predict hospital acquired Acute 

Kidney Injury following emergency medical 
admissions. 

 

CARS Collaborative 



AKI Guidance  
NICE guideline CG50 and NICE guideline CG169 

 
• Monitoring of serum creatinine level and urine output 

 
• Physiological 'track and trigger' systems (early warning scores) should be used to 

monitor all adult patients in acute hospital settings.  
 

• The serum creatinine level and urine output should be recorded at admission or in 
the initial assessment and then as part of routine monitoring.  
 
– https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk 
– https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news 

 

 

http://www.nice.org.uk/guidance/cg50
http://www.nice.org.uk/guidance/cg169
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.nice.org.uk/guidance/qs76/chapter/quality-statement-3-monitoring-in-hospital-for-people-at-risk
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
https://www.rcplondon.ac.uk/projects/outputs/national-early-warning-score-news
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Aim 

• To determine if the index NEWS can 
discriminate between AKI (hospitals acquired) 
and ‘no AKI’ patients.  

 

• Ethical approval for this study was granted by 
NHS Research Ethics Committee (Ref 
16/HRA/2598). 

 



Methods 
• Statistical analyses of emergency adult medical admissions in York hospital with 

routinely collected electronic NEWS.  
• We considered the  

– first or index NEWS,  
– the maximum NEWS (before AKI) and  
– the penultimate NEWS  (before AKI) 

• We developed three models –  
– NEWS only, – based on index values (A1, A2, A3) 
– NEWS and its subcomponents, on maximum values (B1, B2, B3)  
– NEWS, its subcomponents with statistically significant two-way interactions and penultimate 

values (C1, C2, C3).  

• We use area under the receiver-operating curve (AUC) as performance measure 
for these models. 
 



Results 



Figure 1A: Boxplot without outliers for continuous covariates based on 
index NEWS 



Figure 1B: Boxplot without outliers for continuous covariates based on 
maximum NEWS 



Figure 1C: Boxplot without outliers for continuous covariates based on 
penultimate NEWS  



Figure 4: The area under the ROC while estimating the risk of AKI in hospital 
(A) Models based on index values (B) Models based on maximum values  

(C) Models based on penultimate values 
 



Table 2: Performance of all models with 95% Confidence Interval 
 

Model AUC [95% CI] 
A1 0.6786 [0.6657 – 0.6915] 
A2 0.6818 [0.6690 – 0.6947] 
A3 0.6857 [0.6729 – 0.6984] 
B1 0.7667 [0.7552 – 0.7781] 
B2 0.7680 [0.7566 – 0.7793] 
B3 0.7731 [0.7620 – 0.7843] 
C1 0.7512 [0.7385 – 0.7638] 
C2 0.7716 [0.7588 – 0.7843] 
C3 0.7815 [0.7689 – 0.7941] 



Table 3: Sensitivity analysis of NEWS only and FULL models at different predicted 
probability thresholds and NEWS values (1 to 6). 

 



Table 4:  
Workload of NEWS only and FULL models at different NEWS values (3 to 5) 



Results 
• Predictive ability of maximum values and penultimate 

values models are more than index values models (A1, A2, 
A3), whom AUC ranged 0.679 to 0.686.  

• Models with interactions (A3, B3, C3) are well calibrated.  
• Model C3 performs better than all other models with AUC 

0.782 [95% CI 0.769 – 0.794].   
• Further sensitivity analysis shows that Model C3 increased 

workload by two-fold compare to NEWS only model at 
NEWS = 4. 



Conclusions 

• The index NEWS is not a good predictor of 
hospital acquired AKI.  

• The maximum NEWS and the penultimate 
NEWS are better predictors of hospital 
acquired AKI. 



The Think Kidney Risk Workstream has conducted a 
systematic review published in their document in 2015 

of risk scores focussed on predicting AKI. 

• 12 risk tools.  

• Common factors included age, CKD, cardiac and liver disease, 
nephrotoxic drugs, sepsis, and abnormal vital signs.  

• These scores used admission characteristics either at the 
point of hospitalisation or during hospitalisation, the later 
showed moderate predictive ability.  

• The main limitation of these tools that they are not externally 
validated. 



Summary 
• The index NEWS is not a good predictor of hospital acquired 

AKI.  

• The maximum NEWS and the penultimate NEWS are better 
predictors of hospital acquired AKI but will require 
interventions in a large number of patients if used as a sole 
guide  

• Additional research to include age, diagnosis, chronic co-
morbidities and medications may provide the opportunity for 
development of yet better AKI risk tools. 

 



Thanks to 



Definitions 
• If these results are from a population-based study, prevalence can be calculated as follows: 
• Prevalence of Disease=  Tdisease/ Total × 100  
• The population used for the study influences the prevalence calculation.  

– (All admitted patients without community acquired AKI) 

• Sensitivity is the probability that a test will indicate 'disease' among those with the disease: 
– Sensitivity: A/(A+C) × 100  

• Specificity is the fraction of those without disease who will have a negative test result: 
– Specificity: D/(D+B) × 100  

• Sensitivity and specificity are characteristics of the test. The population does not affect the results. 
 

• A clinician and a patient have a different question: what is the chance that a person with a positive test truly has 
the disease? If the subject is in the first row in the table above, what is the probability of being in cell A as 
compared to cell B? A clinician calculates across the row as follows: 

• Positive Predictive Value: A/(A+B) × 100  
• Negative Predictive Value: D/(D+C) × 100  
• Positive and negative predictive values are influenced by the prevalence of disease in the population that is being 

tested. If we  test in a high prevalence setting, it is more likely that persons who test positive truly have disease 
than if the test is performed in a population with low prevalence. 
 



Disease No Disease Total number 

Positive test result A  
True positive 

B 
False positive 

A+B PPV  
(A/A+B) x100 

Negative Test Result C 
False negative 

D 
True negative 

C+D NPV 
(D/D+C) x100 

Total Disease 
 
A+C 

Total No Disease 
B+D 

Total number 

Sensitivity 
(A/A+C)x100 

Specificity 
(D/D+B)x100 
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