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ABSTRACT
Objectives The UK MitraClip registry was commissioned
by National Health Service (NHS) England to assess real-
world outcomes from percutaneous mitral valve repair for
mitral regurgitation using a new technology, MitraClip. This
study aimed to determine longitudinal patient outcomes
by linking to routine datasets: Hospital Episode Statistics
(HES) Admitted Patient Care (APC) and Office of National
Statistics.
Methods Two methods of linkage were compared, using
identifiable (NHS number, date of birth, postcode, gender)
and non-identifiable data (hospital trust, age in years,
admission, discharge and operation dates, operation and
diagnosis codes). Outcome measures included: matching
success, patient demographics, all-cause mortality and
subsequent cardiac intervention.
Results A total of 197 registry patients were eligible
for matching with routine administrative data. Using
identifiable linkage, a total of 187 patients (94.9%)
were matched with the HES APC dataset. However, 21
matched individuals (11.2%) had inconsistencies across
the datasets (eg, different gender) and were subsequently
removed, leaving 166 (84.3%) for analysis. Using non-
identifiable data linkage, a total of 170 patients (86.3%)
were uniquely matched with the HES APC dataset.
Baseline patient characteristics were not significantly
different between the two methods of data linkage.
The total number of deaths (all causes) identified from
identifiable and non-identifiable linkage methods was 37
and 40, respectively, and the difference in subsequent
cardiac interventions identified between the two methods
was negligible.
Conclusions Patients from a bespoke clinical procedural
registry were matched to routine administrative data using
identifiable and non-identifiable methods with equivalent
matching success rates, similar baseline characteristics
and similar 2-year outcomes.

INTRODUCTION
Evidence-
based clinical guidelines, such as
those published by the UK National Institute for Health and Care Excellence (NICE),

Summary
What is already known?
►► Few, if any, published studies report on the strengths

and limitations of different methods of linking registries to routine administration datasets, to inform
health technology assessments.
►► Both identifiable and non-identifiable linkage of registries with routine data sets are possible.

What does this paper add?
►► Two independent methods of linking a clinical reg-

istry with Hospital Episode Statistics data enabled
reliable longer term outcomes to be obtained.
►► Identifiable and non-
identifiable linkage are
complementary.
►► Transparent description of the two methods facilitates use of the techniques by other researchers.

prioritise randomised controlled trials
(RCTs) over other study types. However,
because RCTs are costly, lengthy and may fail
to identify rare adverse events, alternative
study designs using real-
world data have a
role to play in technology assessment.1 2
With its Commissioning through Evaluation (CtE) scheme, National Health Service
(NHS) England enabled a limited number of
patients to access promising interventions that
were not currently funded by the NHS, while
collecting clinical and patient experience data
within a formal evaluation programme.3 Analysis of this real-world evidence, combined with
evidence from clinical trials, informed NHS
England’s commissioning decision. Included
in the CtE programme was percutaneous
mitral valve repair for mitral regurgitation
using MitraClip (Abbott, Illinois, USA). Data
collection was mandated in a bespoke procedural registry (UK MitraClip registry), from
which in-
hospital and short-
term outcomes
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METHODS
Registry data collection
The MitraClip registry was commissioned by NHS
England and opened on 1 October 2014. Patients were
eligible for the MitraClip CtE scheme if they had stage

Figure 1

2

2, 3 or 4 mitral regurgitation of functional/ischaemic or
degenerative aetiology (ie, excluding rheumatic heart
disease), and were deemed high risk or were turned down
for conventional mitral valve surgery. MitraClip implantation was either standalone or alongside percutaneous
coronary intervention (staged or concurrent).
Identifiable data were collected in the MitraClip
registry without explicit patient consent, via section 251
of the National Health Service Act 2006 (17/CAG/0153
(Previously CAG 10-07(b)/2014)).
Linkage using identifiable data
Patient identifiers were extracted from the MitraClip
registry by the data controller (the National Institute
for Cardiovascular Outcomes Research, NICOR) on 5
April 2018 and sent to NHS Digital (data supplied under
DARS-
NIC-151212-
B5Z3R agreement). Records were
linked by NHS Digital to the HES APC dataset and the
ONS mortality dataset, using an eight-
step deterministic matching proprietary algorithm based on NHS
number, date of birth, gender and postcode (figure 1A).6
Data from HES included all admissions from matched
patients with hospital discharge dates between 1 April
2008 and 1 March 2018. Data from ONS included all
reported deaths from matched patients until 4 April
2018. Records from patients having registered type 2

Matching steps used during (A) identifiable and (B) non-identifiable linkage. NHS: National Health Service.
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for the procedure were reported. To obtain longer term
outcome data (readmission rates, subsequent interventions, adverse events and mortality outcomes), linkage of
identifiable registry data to routinely collected Hospital
Episode Statistics (HES) and Office of National Statistics
(ONS) mortality data was also conducted by NHS Digital.4
However, transcription errors in patient identifiers and
missing data in any data source are known to influence
data linkage and may bias results.5 Therefore, in order to
assess the quality of the data linkage, and potential impact
of any linkage errors, this study aimed to develop an alternative method, linking non-
identifiable data from the
MitraClip registry to pseudonymised extracts from HES
Admitted Patient Care (APC) and ONS mortality datasets. This allowed a comparison of matching success rates
between the two linkage methods (using identifiable and
non-identifiable data) and additionally, a comparison of
longitudinal outcomes such as subsequent cardiac intervention and all-cause mortality.

Open access

Linkage using non-identifiable data
Separately, the study team had access to pseudonymised
HES and ONS mortality datasets for all patients admitted
to hospital in England, under Data Access Request Service
(DARS) agreement DAR-NIC-170211-Z1B4J. These data
were supplied via NHS Digital’s managed extract service
and were saved on a secure SQL server within Newcastle
upon Tyne Hospitals.
An anonymised data extract was taken by the data
controller from the UK MitraClip registry on 5 April 2018
and sent to the study team. For patients with more than
one MitraClip procedure entered into the registry, the
most recent MitraClip procedure was used for matching.
From the HES dataset, individual episodes of care
satisfying the following criteria were deemed eligible for
matching to the registry: (1) finished consultant episodes
with a discharge date between 1 April 2014 and 1 March
2018 (to match the time frame of identifiable linkage);
(2) a diagnosis of mitral insufficiency or a procedure
code indicating mitral valve repair (see online supplemental file 1); (3) age over 17 years; (4) treatment at
specific NHS Trust who submitted data to the UK MitraClip registry (see online supplemental file 2).
Individual episodes of care were aggregated into admissions (also known as spells) using the spell identification
number (SUSSPELLID). Data cleaning was carried out
to remove admissions if the spell number was missing or
invalid. Non-unique admissions (where the same spell
number was assigned to different patients) were also
removed. Age was determined using the age on admission. Spells with missing discharge date were assigned the
end date of the last episode in the admission (see online
supplemental file 3).
Individual patient matching between the anonymised
registry extract and the eligible admissions from HES was
performed by a four-step algorithm using the following

variables: treating hospital, gender, age, admission
date, procedure codes, procedure dates, discharge date
(figure 1B). At each step, patients with no matches were
excluded while those with multiple matches proceeded to
the next step. Unique (1:1) matches from all steps were
combined to give the final matching HES cohort.
The cohort was followed longitudinally by extracting all
subsequent episodes of care from HES APC (discharged
on or before 1 March 2018), and ONS mortality records
(dated on or before 4 April 2018), using the unique
patient identifier (ENCRYPTED_HESID) determined
from the non-identifiable matching process. This ensured
that the study period was the same for the identifiable
and the non-identifiable linkage methods.
Extended follow-up of the cohort was also determined
using the latest pseudonymised HES APC and ONS data
available (discharge date or date of death up to and
including 31 March 2020) to Newcastle upon Tyne Hospitals under the managed extract service.
Statistical analysis
Storage and querying of HES data were conducted
using SQL (MariaDB). All scripts for case ascertainment,
cleaning, processing and statistical analyses were written
in the statistical programming language R.7
Descriptive statistics were used to describe the baseline
characteristics of patients matched using the identifiable
identifiable data linkage methods, including:
and non-
gender, age, diabetes status, critical pre-op status, mitral
regurgitation aetiology, admission method.
Long-term outcomes were determined for all matched
patients. Each patient was followed in the HES APC
and ONS datasets from the date of the MitraClip procedure until the date of discharge (or for patients where
MitraClip device was not successfully implanted, until
the end of the procedural admission), the date of death
or the latest date included in the linked HES data.
Kaplan-Meier analysis was conducted for total all-cause
mortality. Specific cardiac interventions following mitral
valve implantation (eg, mitral valve intervention, cardiac
pacemaker insertion and implantation of a cardioverter defibrillator) were identified from readmissions
by searching for the Office of Population Censuses and
Surveys (OPCS) procedure codes described in online
supplemental file 4.
Role of the funding source
NHS England commissioned and funded a fixed number
of MitraClip procedures within the CtE scheme. NHS
England also commissioned NICE to facilitate the evaluation through Newcastle External Assessment Centre. Staff
at NICE contributed to the design and conduct of the
study, interpretation of the results, review and approval
of the manuscript. The corresponding author had full
access to all the data in the study and had final responsibility for the decision to submit for publication.
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opt-outs (ie, those not wishing their confidential patient
information to be used for purposes other than their individual care) were removed from both extracts by NHS
Digital before releasing the linked data back to the data
controller. Patient identifiers (in registry, HES and ONS
data) were then replaced with a ‘Study ID’ by NICOR (as
data controller) and submitted to the study team (as the
named co-data processor), figure 1A.
Matched records from the registry, HES and ONS were
reviewed by the study team, and those with conflicting
demographic and administrative details were flagged to
indicate potential errors in matching (ie, matching to an
incorrect patient). The demographics of those with and
without inconsistencies were then compared to confirm
that exclusion of potentially mismatched records would
not introduce bias into the linked data results. All patient-
level information provided by NHS Digital resulting from
the identifiable linkage was deleted by the study team
on expiry of the data sharing agreement prior to the
commencement of linkage using non-identifiable data,
enabling an independent assessment of methods.
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Table 1 Baseline characteristics for matched cohorts
Identifiable
linkage
(n=166)

Non-identifiable
linkage
(n=169)

Female gender
Median age,
years (Q1:Q3)

52 (31.3%)
78.5 (69:85)

50 (26.6%)
78 (68:85)

Diabetes

30 (18.1%)

34 (20.1%)

Critical pre-op
status

3 (1.8%)

4 (2.4%)

Functional/
ischaemic
aetiology
Urgent/
emergency
procedure

100 (61.7%)

103 (60.9%)

20 (12.0%)

19 (11.2%)

*Note that diabetes status which included any of the following
was converted to presence of diabetes: diabetes (dietary control),
diabetes (oral medicine), diabetes (insulin), newly diagnosed
diabetes.

4

Table 2

Outcomes for matched cohorts
Identifiable
linkage
(n=166)

Non-identifiable
linkage
(n=169)

99 241

89 736

 Mean (SD)

597.8 (283.1)

531.0 (307.1)

 Median (Q1:Q3)

610 (409:807)

560 (355:764)

 Range

2–1128

0–1128

All-cause deaths

37

42

 1-year survival

0.873 (0.823 to
0.925) (n=133)

0.833 (0.778 to
0.893) (n=122)

 2-year survival

0.773 (0.706 to
0.847) (n=58)

0.725 (0.652 to
0.807) (n=50)

Total patient days
followed
Follow-up per patient,
days

Subsequent intervention,
patients
 Mitral valve replacement 6

6

 Mitral valve repair

2

2

 Other mitral intervention 1

0

 Cardiac pacemaker
insertion

12

10

 Cardioverter defibrillator 2

3

Baseline patient characteristics for matched patients
using the two methods of data linkage is described in
table 1.
up was 610 and 560 days
Median length of follow-
following identifiable (n=166) and non-
identifiable
(n=169) linkage methods, respectively. The total number
of deaths (all causes) was 37 and 42 across the two linked
datasets, respectively, and the difference in subsequent
cardiac interventions identified between the two methods
was negligible, table 2.
Extended follow-up using non-identifiable linkage and
latest available data enabled a median (Q1:Q3) length
of follow-up of 1161 (597:1458) days, where a total of 78
deaths were recorded. Survival at 1-year (n=136) 0.841
(0.786 to 0.899), 2-year (n=119) 0.736 (0.671 to 0.807),
3-year (n=96) 0.617 (0.546 to 0.697) and 4-year (n=42)
0.499 (0.422 to 0.590) follow-up are shown in figure 2.
DISCUSSION
Key points
Our study transparently describes the identifiable and
identifiable linkage of a bespoke clinical procenon-
dural registry to routine healthcare data sets. Equivalent
matching rates were achieved using the two methods, and
similar baseline characteristics and 2-year outcomes were
demonstrated for patients matched by either technique.
Strengths and limitations of linkage using identifiable data
To collect identifiable patient data, explicit approvals
are required by an independent body: either by an
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RESULTS
Records of 278 MitraClip procedures were extracted
from the registry by the data controller; 79 did not meet
the study inclusion criteria (multiple reasons for exclueligible indications, 56
sion may apply: 57 with non-
with concomitant treatment, 7 with unknown/none/
moderate mitral regurgitation, 4 due to rheumatic aetiology, 4 missing/inconsistent procedural dates) leaving
199 procedures from 197 patients eligible for matching.
The earliest procedure was conducted in January 2015
and the latest in January 2018.
From identifiable linkage, a total of 187 patients
(187/197, 94.9%) were matched with the HES APC
dataset, however 21 of the matched patients (11.2%) had
inconsistencies across the datasets (eg, different gender)
(online supplemental file 5). There were no significant
differences in baseline characteristics between patients
who passed the internal quality checks (n=166) and those
who did not (n=21) in terms of age, sex, body surface
area, diabetes, critical pre-op status, Canadian Cardiovascular Society angina status, New York Heart Association
classification dyspnoea status, Killip class of heart failure,
Canadian Study of Health and Aging frailty score, aetiology of mitral regurgitation and Katz index of independence. Therefore, following identifiable linkage, a total
of 166 patients (84.2% matching) remained for subsequent analysis.
identifiable data, a total of 169 patients
Using non-
(169/197, 85.8%) were uniquely matched with the HES
APC dataset using a four-step matching algorithm (online
supplemental file 5). Any patients with conflicting information across data sources would not have passed the
matching algorithm, and therefore all patients matched
via this method remained for subsequent analysis.

Open access

ethics board alongside a Caldicott Guardian with patient
consent, or as in the case of the MitraClip registry, section
251 of the National Health Service Act 2006 approval such
that the common law duty of confidentiality is temporarily lifted. All of these processes ensure that minimal
patient identifiable information is collected for a specified purpose and safeguarding of those data. Although
there are additional governance steps to undertake and
the application process for obtaining matched data can
be time consuming and costly, a key benefit of using
patient identifiers (like NHS number) for subsequent
matching to other data sources is that it does not require
any clinical or clinical coding knowledge on the part of
the researcher, with the process being fully automated
and conducted independently by a trusted third party.
However, matching rates using identifiable sources
may be reduced by certain factors; type 2 patient opt-
outs are applied to identifiable HES data, with a rate of
2.7% reported nationally in March 2019.8 Furthermore,
matching multiple data sources which rely solely on
patient identifiers is sensitive to manual transcription
errors (eg, mistyping of NHS number, date of birth and/
or postcode) or missing data.9 Therefore, as demonstrated in this study, following the results of automated
matching, an additional sense check/validation stage is
still required to ensure matching to the correct person.
Strengths and limitations of linkage using non-identifiable
data
To conduct linkage using non-
identifiable data, variables including demographic details (gender, age) and
administrative data (treating hospital dates, type of procedure) are used, thus combining matching and validation
all within a single process. There is no requirement for
identifiable information, which is beneficial from a data
security and information governance perspective. If no
identifiable information is being collected, then there is
also no requirement to seek section 251 approval where
explicit consent has not been obtained.
However, additional skills are required to conduct
linkage using non-
identifiable information. Access to
clinical and clinical coding expertise is necessary to
provide insight into the clinical pathway, to determine
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Figure 2 Kaplan-Meier survival curve derived from
extended follow-up using non-identifiable linkage.

relevant procedure and diagnostic codes for analyses and
to identify the relevant subgroup for matching. Knowledge of HES data quality and cleaning processes is also
required. For example, an individual patient is not always
assigned the same identifier and, rarely, different patients
may be assigned the same identifier. Hagger-Johnson et
al previously demonstrated that using the patient identifier ‘HESID’ generated by NHS Digital resulted in a
false match rate of 0.2% and missed match rate of 4.1%
in paediatric intensive care records in England, leading
to a under-estimate in readmission rates.10 Additionally,
analysis of spells (collections of care episodes within a
single admission) reveals inconsistencies that point to
underlying data quality problems, such as duplications
of records, missing information or inconsistencies, or
activity recorded after death.11 This necessitates additional cleaning of HES data to identify duplicated, inconsistent or missing spell information, and overlapping
spells all of which allow removal of ineligible patients
prior to matching.
We have demonstrated that non-
identifiable data
linkage works well for procedures with well-
defined
OPCS/International Classification of Diseases (ICD)
coding combinations such as the MitraClip procedure,
but this may not be the case for all clinical interventions; for example, those which have less specific clinical
coding, but also those conducted out with the inpatient/
day-case setting (where quality and completeness of clinical coding may differ), and high volume procedures
where the likelihood of having multiple patients treated
with same age and gender on same day are high. Further
research is required to confirm that the matching
success reported for the NHS England MitraClip registry
is achievable for a range of other interventional procedures. Access to national pseudonymised administrative
data was required to conduct the non-identifiable data
linkage. With this comes responsibility for protecting the
confidentiality of information for all potentially matching
patients as well as for the cohort of interest. Each study
applying data linkage of multiple data sources using
non-identifiable information must recognise the potential for re-identification.12 Our linkage algorithm shows
that unique matching is possible with non-identifiable
fields, suggesting that pseudonymised extracts carry
confidentiality implications comparable to identifiable
datasets. For this reason, all uses of HES data, including
anonymous and pseudonymous matching proposals are
reviewed by an independent panel (Independent Group
Advising on the Release of Data, IGARD) to ensure safeguarding of patient data and subsequent data handling
and processing by the approved institution are subject
to audit by NHS Digital. Additionally, the guidelines for
publishing results of such studies should be followed.13
Other initiatives for safe data linkage of identifiable
data do exist, for example, the ‘Separation of functions’ offered by the Scottish Informatics and Linkage
Collaboration.14

Open access

Conclusion
This study has demonstrated the linkage of patient data
from a bespoke clinical registry with routine healthcare
databases via two equivalent methods to gain comprehensive and reliable follow-up from a cardiac intervention
conducted in the ‘real world’ NHS in England. Linking
to administrative data, by either method, would limit the
administrative burden of future observational research.
Here we have described a novel method that uses non-
identifiable data, and in cases where robust clinical coding
6

can be specified, it could be applied to other hospital
interventions. Studies using the technique must recognise the potential for re-identification. In this study, both
data sources were pseudonymised but in cases where the
study team may have access to identifiable patient information consent must be obtained to undertake linkage.
Furthermore, to ensure robust and generalisable results
from clinical registries and routine databases, data validation at the point of data entry and data cleaning following
linkage are essential steps in the analysis methods.
Interim data linkage to identify and correct potential data
quality issues during the course of data collection are also
strongly recommended.
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Overall strengths and limitations of linking to administrative
datasets
The overall strengths of data linkage between clinical
registries and routine data have been well documented,
such as richer clinical information and the estimation of
reporting bias.15–17 The main benefit of data linkage in
this study, however, was the ability to conduct long-term
comprehensive follow-up across all NHS Trusts in England.
It has been reported that MitraClip appears to confer
immediate improvements in cardiac indices of patients
in line with published trial data,4 but long-term outcomes
have not been published. Our techniques have delivered longer term outcome data and offer the capability
for analyses to be repeated at 5 and 10 years as required,
demonstrating a way of conducting active surveillance of
medical procedures using routine data sources.18 This has
the potential to improve understanding of the safety and
efficacy of an intervention (particularly where long-term
complications are likely to be detected outside the centre
responsible for an intervention) and thereby to inform
refinement of procedural selection to maximise long-
term effectiveness.
Our study validated outcomes following MitraClip
intervention by two separate techniques of data linkage
between a clinical registry and routine healthcare data.
However, the quality of collected data is crucial to the
success of any data linkage. Clinical registries and routine
administrative datasets both require high quality data
submission as a single mismatch between the two can force
the exclusion of a patient from the study. This work has
highlighted the many benefits of data linkage to routine
databases and thus strongly advocates the adoption of
high quality data entry protocols and data validation in
registries intended for health technology assessment.
This study has highlighted several lessons to be learnt
for future linkage of clinical data to routine administrative
data, whichever linkage method is used. As far as registry
design is concerned, improvements could be achieved
by incorporating input data validation. Also, to ensure
easier identification during matching, mandatory coding
of procedures using pre-specified OPCS codes should be
used by treating hospitals contributing data to clinical
registries. Comorbidities and adverse events could also be
captured in registries using ICD codes, which would also
be beneficial when conducting matching. Interim data
linkage to identify potential data entry errors before final
linkage is advisable.
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