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1 Version History 

Version Date Summary of key changes 

1.0 23/09/2014 First release. 

1.1 20/11/2014  Rectified date error on front cover. 

 Corrections to Section 9. 

 General improvements to aid readability. 

1.2 27/04/2016  Updates to reflect progress with research studies (see 
Section 7). 

 Clarified that the linked data set was sent to UKRR and 
Sheffield Kidney Institute.   

 Added four new sections: 

o 2.3 – ‘Benefit’ definition 

o 2.4 - Alignment between HES data and benefits 

o 3.1 – RCP background 

o 10 - Disclaimer 

 Re-structured sections 6 and 7. 

 

2 Introduction 

2.1 Overview 

The UK Renal Registry (UKRR) is a charitable organisation that focuses on the 
collection and analysis of standardised data relating to incidence, prevalence, clinical 
management and outcome of renal disease.1  The Sheffield Kidney Institute, part of 
Sheffield Teaching Hospitals NHS Foundation Trust, ‘provides acute and chronic 
kidney disease services for the population of South Yorkshire and North Derbyshire in 
a network with Doncaster Royal Infirmary’2 (The Renal Association). 

In August 2011, the National Institute for Health Research (NIHR) Research 
Capability Programme (RCP) disseminated a linked data set to the UKRR and the 
Sheffield Kidney Institute.  The linked data set contained: 

 the UKRR data set 

 the Health and Social Care Information Centre’s (HSCIC’s)i Hospital Episode 
Statistics (HES) data set 

 the Office for National Statistics (ONS) mortality data set. 

                                            
i
 The data set was supplied to the RCP by HSCIC’s predecessor organisation, NHS Information Centre (NHS IC). 
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2.2 Purpose of case study 

The purpose of this case study is to describe:  

 how the UKRR and the Sheffield Kidney Institute used the linked data set to 
analyse renal care services and associated health outcomes 

 how the analysis of the linked data set: 

o identified new findings in renal care  practices and outcomes for England 

o helped initiate targeted research into renal care practices 

o established the feasibility of, and advantages for, routinely linking the three 
data sets 

 whether the uses of the linked data set have realised any benefits in renal care 
services and outcomes. 

 

2.3 ‘Benefit’ definition 

The key focus of this case study is to describe whether, through the use of the linked 
data set, benefits have been realised in renal care services and, if so, the service 
changes (i.e. the new ways of working) with which the benefits have been realised.  
To help ensure there is a clear and transparent understanding of benefits, a definition 
is provided below. 

 A benefit is defined as ‘the measurable improvement from change, which is 
perceived as positive by one or more stakeholders, and which contributes to 
organizational (including strategic) objectives’ (Jenner, 2014).3 

 

2.4 Alignment between the HES data and benefits 

The linked UKRR-HES-ONS mortality data set enabled UKRR and stakeholders to 
analyse services and outcomes in renal care.  Where improvement opportunities 
and/or concerns were identified, stakeholders have initiated targeted research.  The 
research studies are still ongoing, but, once concluded, may result in service changes, 
which would be anticipated to deliver measurable improvements (benefits) in renal 
care.   

Although benefits in renal care have not been realised yet, the diagram below, which 
is loosely based on a benefits dependency network (BDN) map, sets out the 
alignment between the HES data and benefits. 
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Figure 1: Alignment of HES data to benefits 

Alignment of 

objectives to benefits

Alignment of 

objectives to benefits

ANALYTICAL FINDINGS (2013) AND RELATED 

RESEARCH STUDIES (2014 AND 2015)

What key analytical findings were generated from the 

linked data set and, where relevant, what research 

studies have the findings contributed to?

See below

2013:  New finding identified 

from analysis:

- Nearly all variations in 3-year 

survival at renal centre-level can 

be explained by demographic 

factors and comorbidity.

2013: New clinical finding:

- Peritoneal dialysis (PD) 

catheters are only inserted in 

patients undergoing PD therapy, 

but 7% of patients (438 patients) 

receiving PD catheters 

insertions were only ever 

treated with haemodialysis.  A 

likely explanation for this is that, 

when these patients started PD 

therapy, the PD catheters did 

not function on them properly, 

so they had to be treated with 

haemodialysis.

2013: New clinical finding:

- For patients undergoing 3-

times-a-week dialysis, there was 

a 69% increase in admissions 

and 22% increase in deaths 

after the 2-day break, when 

compared to the rest of the 

week.

2014: New research approved:

- in May 2014, the NIHR 

awarded the Sheffield Kidney 

Institute a £350K grant for the 

UK Catheter Study.  The study 

aims to understand optimal 

practices for PD.

2015: Patient recruitment

- Patient recruitment is between 

1 Jul 2015 and 1 Jan 2017, with 

172 patients recruited up to Jan 

2016 so far.

2015: New research approved:

- In December 2015, the NIHR 

awarded a five year fellowship 

to Sheffield Teaching Hospitals 

NHS Trust and University of 

Sheffield to study how harm 

associated with two-day dialysis 

breaks can be reduced.  The 

fellowship, which commenced in 

March 2016, is for £522k and 

covers salary and research 

costs for Dr James 

Fotheringham.

BUSINESS CHANGES

What new ways of working 

have been implemented in 

renal care services?

None so far 

MEASURABLE BENEFITS

What benefits have been realised in renal 

care?

None so far

ENABLERS

Which data sets have enabled analysis of 

renal care services?

A linked data set released to the UK 

Renal Registry (UKRR) and Sheffield 

Kidney Institute in 2011, which consisted 

of:

 UKRR data for patients over-18 

starting renal replacement therapy 

(RRT) between 2002 and 2006

 HES data – admitted patient care 

episodes (inpatient admissions) 

between 1996 and 2009

 HES data – outpatient attendances 

between 2004 and 2009

 Office of National Statistics (ONS) 

mortality data for patients dying 

between 2002 and 2009.

DRIVERS

What concerns and/or opportunities drove 

the need for HES data?

The quality of the UKRR data is often 

compromised by missing demographic 

and clinical data.  This:

 limits analytical capabilities

 makes it difficult to establish whether 

variations at renal centres in survival 

rates are due to genuine differences 

in quality of care

 increases the risk of inappropriately 

labelling renal centres as poor health 

care providers.

OBJECTIVES

What objectives was the HES data 

supporting?

Improve the completeness and quality of 

UKRR data, which, in turn, supports the 

following objectives:

 Improve the breadth and quality of 

reporting of renal centre performance

 Improve clinical outcomes by 

analysing practice patterns 

associated with hospital admissions 

and, where appropriate, initiating 

targeted research

 Make better use of resources by only 

investigating renal centres that are 

genuine outliers for survival rates.

2016: Routine linkage:

- UKRR is looking to routinely 

link UKRR data with HES. 

UKRR is in discussions with the 

HSCIC and the Health Research 

Authority (HRA) to clarify the 

legal basis for accessing linked 

data.

Start
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3 Released data set  

3.1 RCP background 

The RCP was established in 2007 by the NIHR to ‘enable research to achieve its full 
potential as a “core” activity for healthcare alongside other uses of NHS data that 
leads to improvements in the quality and safety of care’ (NHS Connecting for Health)4.  
One of the features of RCP was that it would provide researchers with ‘access to a 
comprehensive range of technical resources and data sets, under strict protocols of 
information governance…….’ (NHS Connecting for Health).5  On 1 April 2012, the 
RCP merged with the UK Medicines and Healthcare products Regulatory Agency’s 
(MHRA’s) General Practice Research Database (GPRD) to form the Clinical Practice 
Research Datalink (CPRD).  At that point, all RCP services were decommissioned. 

 

3.2 Linked data set 

In 2010, a study developed by UKRR and Sheffield Kidney Institute was one of ten 
studies that the RCP used to pilot its data research services6.  Numerous data 
sources, including the UKRR data set and HES’s admitted patient care (APC), 
outpatient attendances (OA) and adult critical care (ACC) data setsii, were used to 
support the pilot phase7 iii.   

For the UKRR/Sheffield Kidney Institute study, RCP linked HES’s APC and OA data 
sets with UKRR and ONS mortality data sets, using NHS number and date of birth8.  
The identifiers (NHS Number and date of birth) were removed to create a 
pseudonymised data set, which was disseminated to UKRR and Sheffield Kidney 
Institute in August 2011.  The three ‘base’ data sets contained the following data: 

1. UKRR data set – this data set contained data from 46 renal centres in England, 
and related to 21,633 patients over the age of 18 who started RRT for established 
renal failure (ERF) between 1 January 2002 and 31 December 2006.  100 data 
items in the linked data set originated from this UKRR data set, covering topics 
such as demography, treatment and laboratory results.  All data items related to 
events occurring between 1 January 2002 and 31 December 2009.    

2. HES data sets – these data sets contained data from: 

 HES’s APC database for all inpatient admissions between 1 April 1996 and 
February 20119.  For the analyses described in this case study, only 
records between 1 April 1996 and 31 December 2009 were considered.  
This related to 2.8m records.  There were 198 APC-based data items in the 
linked data set, covering topics such as admissions, discharges, diagnoses, 
procedures, location of admission/care (the latter also gave information on 
whether the patient was admitted to a renal centre) and in-hospital deaths. 

 HES’s OA database for all outpatient attendances between 1 April 2004 and 
February 2011.  As per the APC data, only data to 31 December 2009 was 
analysed, which, in this case, related to 1.5 million records. 

                                            
ii
 The HES data sets were based on the data items available at the time 

iii
 No identifiable data from the RCP was migrated to the CPRD. 
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3. ONS mortality data set – this data set contained 33 data items for patients who 
died between 1 January 2002 and 31 December 2009.  The ONS data set did not 
play a significant role in the data analysis exercise, other than confirming the 
completeness and accuracy of UKRR data set’s death-related data items.  The 
UKRR was already collecting death-related data, such as date and primary cause 
of death through its own data set and routinely validating the accuracy of these 
data items through HSCIC’s Demographics Batch Service.  The ONS mortality 
data set therefore confirmed the effectiveness of this validation exercise.  

For the different analyses described in this case study, the data users (researchers) 
used different cohorts of patients, based on research question and data 
completeness.  For example, when analysing three-year RRT survival, patient 
exclusions resulted in a cohort of 18,798 patients10. 

 

4 Problem (driver) 

In September 2014, 71 adult renal centres (NHS trusts) in the United Kingdom (UK) 
submitted data to UKRR on patients undergoing RRT.  52 of these centres were in 
England.   

The quality of the UKRR data is often compromised by missing demographic and 
clinical data, such as ethnicity, time of referral and comorbidity (co-existing medical 
conditions)11.  The incompleteness of UKRR data: 

 limits the level of analysis that can be undertaken on renal care services and 
associated outcomes 

 makes it difficult to establish whether wide variations in survival rates post-RRT 
(e.g. 90-day survival, 3-year survival) are due to genuine differences in quality of 
care.12   

 increases the risk of inappropriately labelling renal centres as poor health care 
providers and, subsequently, unnecessarily investigating these renal centres’ care 
practices.   

Additionally, without HES data, the UKRR has no method of collecting data on 
comorbid conditions diagnosed post-RRT.  

 

5 Objectives 

The HES data was requested to improve the completeness and quality of UKRR data.  
This, in turn, supported the following objectives: 

1. improve the reporting/assessment of renal centre performance by: 

a) reducing the frequency of missing data 

b) identifying new measures 

c) better adjusting existing indicators, such as survival rate post-RRT. 
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2. improve clinical outcomesiv by: 

a) analysing practice patterns associated with hospital admissions to 
understand variations in renal care admissions, practices and outcomes 
and, where warranted, initiating targeted research 

b) establishing whether variations in renal care clinical practice and outcomes, 
such as 3-year survival rates post-RRT, are due to differences in quality of 
care. 

3. make better use of resources by only investigating renal centres’ quality of care 
practices if they genuinely have worse-than-expected survival rate post-RRT. 

 

6 Analytical findings 

The following three sub-sections describe the key findings that UKRR and Sheffield 
Kidney Institute generated from the linked data set. 

 

6.1 Findings on data completeness and quality 

This sub-section describes the key findings generated on the completeness and 
quality of the UKRR data set. 

1. Information routinely collected by UKRR, but found missing within the data set, is 
recorded elsewhere within the health system and to a level complete enough to 
derive information on the majority of patients13.  Prior to the use of HES data, 61% 
of patients in the UKRR data set had missing ethnicity, deprivation (socio-
economic status) and/or comorbidity data.14  With the inclusion of HES data, this 
was reduced to 3.8%.15 16 

2. In the 54% of patients for whom UKRR data set had clinician-completed 
comorbidity data17, the prevalence of comorbid conditions was similar to the 
prevalence of comorbid conditions determined by HES. 18  The HES data therefore 
suggested that the UKRR data set was capturing accurate data (and vice-versa).  

3. For the 46% of patients for whom comorbidity data was unavailable in the UKRR 
data set, HES provided the data for a significant proportion of these patients. 

 

6.2 Adjustment to survival rate methodology 

This sub-section describes a key finding generated by the UKRR and Sheffield Kidney 
Institute in relation to the RRT survival rate measure. 

1. Nearly all variations in 3-year survival for patients commencing RRT between 2002 
and 2006 were explained by demographic factors and comorbidity.19  Previously, 
when, for the same patients, survival data was adjusted for age and sex only, 6 of 
46 renal centres were categorised as ‘outliers’ (i.e. centres with worse-than-

                                            
iv
 Clinical outcome is defined as the measurable change in health or quality of life that results from care – based on a definition 

published by the Great Ormond Street Hospital for Children NHS Foundation Trust (http://www.gosh.nhs.uk/health-
professionals/clinical-outcomes) 

http://www.gosh.nhs.uk/health-professionals/clinical-outcomes
http://www.gosh.nhs.uk/health-professionals/clinical-outcomes
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expected survival rates).  When the same survival data was re-calculated with 
three additional variables - comorbidityv 20 (which was based on HES data) 
ethnicity and socio-economic status (Index of Multiple Deprivation 2004 rank21) - 
the number of renal centres with worse-than-expected survival rates reduced to 
one22.  Ethnicity and socio-economic status data variables have always been 
available in the UKRR data set, however they were previously excluded from the 
survival rate calculation as complete data was unavailable.  The combination of 
the UKRR and HES data sets made these data items complete enough to warrant 
inclusion in the revised survival rate calculation. 

The analyses UKRR and Sheffield Kidney Institute conducted on the linked data set, 
including those described in sub-sections 6.1 and 6.2, have been documented in 
UKRR’s 14th annual report23 and journal paper ‘Variation in centre-specific survival in 
patients starting renal replacement therapy in England is explained by enhanced 
comorbidity information from hospitalization data’ (Fotheringham et al, 2014)24. 

 

6.3 New findings in renal care practices and outcomes 

The key clinical findings that the Sheffield Kidney Institute and University of Sheffield 
generated from the analyses were as follows:  

1. haemodialysis and peritoneal dialysis (PD) therapies are used to remove blood 
waste products and excess water when a patient’s kidneys fail.  PD catheters are 
only inserted in patients undergoing PD therapy, but 7% of patients (438 patients) 
receiving PD catheter insertions were only treated with haemodialysis therapy.  A 
likely explanation for this is that, when these patients commenced treatment with 
PD, the catheters did not function properly, so they had to be treated with 
haemodialysis therapy.   

HES’s APC and OA data played a key role in generating this finding as they 
identified the PD catheter insertion procedures.  The UKRR data identified the 
dialysis modality. 

2. based on an analysis of 5,864 patients, who were spread across 36 renal centres 
and who accounted for 10,878 patient years25,  patients undergoing three-times-a-
week haemodialysis treatment saw the following increases in admissions and 
deaths on the first day after the two-day break (long interdialytic gap) vi, when 
compared to the rest of the week (e.g. patients attending dialysis treatment on 
Tuesdays, Thursdays and Saturdays saw increases on Tuesdays): 

 69% increase in hospital admissions (2.38 admissions per patient year on 
the first day after the two-day-break vs 1.40 admissions per patient year for 
the rest of the week) vii 26 

                                            
v
 Over 30 co-morbid conditions were evaluated, but only 16 were considered for the calculation, as these were deemed to be 

predictors for survival at patient-level.  See endnote 20 for reference to list of the 16 conditions. 
vi
 Haemodialysis treatment patterns are Monday/Wednesday/Friday (two-day breaks on Saturday and Sunday, 

Tuesday/Thursday/Saturday (two-day breaks on Sunday and Monday) and  Tuesday/Thursday/Sunday (two-day breaks on 
Friday and Saturday) 
vii

 Although (2.38 – 1.40 / 1.40) represents an increase of 70%, an increase of 69% is reported in the case study.  This is because 
the increase of 69% is based on actual numbers (whereas 2.38 and 1.40 are rounded figures) 
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 22% increase in deaths (20.5 deaths per 100 patient years on the first day 
after the two-day-break vs 16.7 deaths per 100 patient years for the rest of 
the week) viii.  All the additional deaths on the first day after the two-day 
break occurred out of hospital, often prior to the scheduled dialysis session.  
In-hospital deaths remained constant across the week.27   

HES’s APC and OA data enabled UKRR to identify patients’ routine 
haemodialysis attendances and admissions.  The combination of HES and UKRR 
data helped establish whether the deaths were within or outside hospital settings.  

The analytical findings on the long interdialytic gap are available form a journal 
paper - The mortality and hospitalization rates associated with the long 
interdialytic gap in thrice-weekly haemodialysis patients (Fotheringham et al, 
2015)28. 

Quote 

"Despite the range of challenges linking data currently present to researchers, this 
study has rewarded us with important findings which have informed subsequent 
funded research. These more focused projects will benefit patients directly, and 
capitalise on our better understanding of the use of linked data to perform efficient 
research." 

Dr James Fotheringham, Consultant Nephrologist & NIHR Clinician Scientist, Sheffield Kidney Institute 

 

7 Research studies 

The two renal care findings highlighted in Section 6.3 have helped secure research 
grants.  This section summarises the progress with the associated research studies. 

 

7.1 PD Catheter insertion research study 

Finding: 7% of patients (438 patients) receiving PD catheter insertions were treated 
with haemodialysis therapy.   

Subsequent research study: in May 2014, the NIHR awarded the Sheffield Kidney 
Instituteix a grant for £350k for the UK Catheter Studyx 29.  The study is aiming to 
understand the optimal treatment pathway for PD catheter insertion30. 

 

Research study timeline 

The following key events have occurred in the study timeline: 

 May 2014 – The Sheffield Kidney Institute, with UKRR as a co-applicant31, made a 
successful grant application to the NIHR for the UK Catheter Study.  The study is 
aiming to look at the clinical pathways associated with catheters working first time 

                                            
viii

 Although (20.5 – 16.7 / 16.7) represents an increase of 23%, an increase of 22% is reported in the case study.  This is because 
the increase of 22% is based on actual numbers (whereas 20.5 and 16.7 are rounded figures) 
ix
 The application was submitted by Sheffield Teaching Hospital NHS Trust, recognised by NIHR as the receiving body 

x
 Grant reference PB-PG-0613-31028 
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and those which lead to best outcomes i.e. understand the optimal treatment 
pathway for PD catheter insertion32.33 

The application received approval in May 2014 and resulted in a grant award for 
£349,989.  The PD catheter insertion analytical finding was a contributing factor to 
receiving the grant. 

 November 2014 – the NHS Research Ethic Committee (REC) approved the UK 
Catheter Study. 

 July 2015 – Recruitment for the UK Catheter Study commenced on 1 July 2015, 
with an end date scheduled for 1 January 2017.  Patient follow-up is due to end on 
30th of September 2018.  

 January 2016 – As at end of January 2016, 172 patients, spread across 18 sites, 
had been recruited for the UK Catheter Study. 

 

7.2 Long interdialytic gap research study 

Finding: for patients undergoing haemodialysis dialysis treatment three-times-a-
week, there was a 69% increase in admissions and a 22% increase in deaths on the 
first day after the two-day break, when compared to the rest of the week (e.g. patients 
undergoing treatment on Tuesdays, Thursdays and Saturdays saw increases on 
Tuesdays). 

Subsequent research study: in December 2015, the NIHR awarded a five-year 
£522k fellowship to the Sheffield Kidney Institute and the University of Sheffieldxi 34.  
The fellowship grant is being used to understand and reduce the harm associated with 
two-day dialysis breaks.   

 

Research study progress: 

The following key events have occurred in the study timeline: 

 July 2015 – Sheffield Kidney Institute and University of Sheffield submitted an 
application to NIHR on 10 July 2015 to secure a fellowship grant  to understand 
and reduce the harm associated with two-day dialysis breaks35 (i.e. improve 
clinical outcomes after dialysis treatment). 

 December 2015 – NIHR awarded a five year fellowship, through the competitively 
awarded Clinician Scientist Award scheme, to the Sheffield Kidney Institute and 
the University of Sheffield.  The fellowship value of £522,000 represents five-year 
salary and research costs for Dr James Fotheringham.  The long interdialytic gap 
finding was a key contributing factor to securing the fellowship. 

 March 2016 – The fellowship commenced in March 2016 and will involve further 
data linkage between UKRR and HES data sets and analysis of Dialysis 
Outcomes and Patterns Practice Study (DOPPS) data.  Halfway through the study, 
the need for a clinical trial will be determined. 

                                            
xi
 NIHR Clinician Scientist Award reference: CS-2015-15-008 
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8 Data linkage initiatives 

UKRR is looking to introduce the following initiatives with regards to data linkage: 

 Undertake data linkage with Wales, Scotland and Northern Ireland - UKRR is 
engaging with Information Services Division (ISD) Scotland, Patient Episode 
Database for Wales (PEDW) and Health and Social Care Northern Ireland 
(HSCNI) to undertake a one-off data linkage with the UKRR data set, with the view 
to routinely linking data across all hospital episodes in the United Kingdom.  Linked 
UKRR and hospital inpatient data from Scotland and Northern Ireland is expected 
to be sent to UKRR in mid-2016.  

 routinely link the UKRR data set to HES and ONS mortality data sets – the UKRR 
has already made good use of the one-off linked data set.  To continue with, and 
further build on, the successes of the linked data set, the activity to routinely link 
the three data sets has been approved and prioritised by the UKRR governance 
board.  UKRR is in discussions with the HSCIC and the Health Research Authority 
(HRA) to understand and clarify the legal basis for UKRR routinely having access 
to linked data. 

 redesign of the survival rate methodology – the data analysis has shown how the 
inclusion of demographic and comorbidity data provides a more accurate reflection 
of renal centre survival rate.  Consequently, once HSCIC’s HES data is routinely 
available, comorbidity, ethnicity and socio–economic status data will be added to 
the survival rate calculationxii. 

Quote 

"Routine linkage of UKRR and HES data will improve confidence in our dialysis and 
transplant survival comparisons and really target where differences in outcomes are 
unlikely to be due to differences in casemix."  

Dr Fergus Caskey, Consultant Nephrologist, North Bristol NHS Trust; Honorary Senior Clinical 
Lecturer, University of Bristol; Medical Director, UK Renal Registry 

 

9 Benefits in renal care services and health outcomes 

To date, benefits in the delivery of renal care services and health outcomes have not 
been realised, however, the research studies described in Section 7 and the data 
linkage initiatives described in Section 8 are likely to deliver benefits in renal care 
services and outcomes in the future. 

 

10 Disclaimer 

This case study presents independent research funded by the NIHR. The views 
expressed are those of the author and not necessarily those of the NHS, the NIHR or 
the Department of Health (DH). 
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11 Contributions 

This case study has had contributions from, and been reviewed and approved by: 

 Dr James Fotheringham, NIHR Clinician Scientist and Consultant Nephrologist, 
Sheffield Kidney Institute, Northern General Hospital, Sheffield; School of Health 
and Related Research, University of Sheffield 

 Dr Fergus Caskey, Consultant Nephrologist, North Bristol NHS Trust; Honorary 
Senior Clinical Lecturer, University of Bristol; Medical Director, UK Renal Registry 

 Stuart Blake, Head of Information Utilisation, Health and Social Care Information 
Centre. 
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