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ABSTRACT

Objectives: The Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project aims to
understand the epidemiology and outcomes of out-of-hospital cardiac arrests (OHCA)
across the UK. This study is a sub-project of OHCAO and aims to establish the feasibility
of producing a registry of OHCAs by linking OHCAO data to National Health Service
(NHS) patient demographic data and date of death data held on the Personal
Demographics Service (PDS) database, via NHS Digital, to improve data quality and

establish accurate 30-day survival outcomes for OHCA.

Design and setting: Data were collected from 15t January 2014 to 315t December 2014
as part of a prospective, observational study of OHCAs attended by ten English NHS
Ambulance Services. 28,729 OHCA cases had resuscitation attempted by Emergency
Medical Services and were included in the study. Of these, a randomly selected sample
of 3120 cases were securely transferred to the NHS Digital list cleaning service to be
matched using OHCAO patient demographic data to return previously missing data and

provide Office for National Statistics (ONS) mortality data.

Results: A total of 80.5% of OHCAO cases were matched to the NHS PDS database. Using
the linkage process, missing demographic data was retrieved for 72.7% of cases with
incomplete data and confirmation of 30-day survival improved by 37.6% with a
reduction in unknown 30-day survival status from 46.1% to 8.5%.

Conclusions: Data linkage was shown to successfully improve the quality of OHCA

demographic data and survival status 30 days after OHCA.

ARTICLE SUMMARY

Strengths and limitations of this study

= Data points collected as part of the OHCAO project were based on established
Utstein guidelines.

= The quality of demographic data collected by the OHCAO project was first
improved through a list cleaning service provided by NHS digital.

= Following list cleaning, exact data matches with Office for National Statistics
(ONS) data established 30-day survival status.

* Provision of NHS numbers from OHCAO and NHS digital provides potential
for following long-term survival outcomes in OHCA patients through data
linkage.

= Reliance on submission of good quality data to OHCAO project.
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1

2

3 INTRODUCTION

4

5 Medical registries have been shown to initiate improvements in healthcare systems

6

7 especially where data are fed back transparently to institutions providing the source

g data.l Every year in the United Kingdom (UK) there are around 60,000 out-of-hospital
10 cardiac arrests (OHCA) attended by Emergency Medical Services (EMS) of which

11

12 approximately 28,000 have resuscitation attempted.23 This group suffer significant

ﬁ, mortality and morbidity and since 2011, survival to hospital discharge rates have been
ig part of the National Health Service (NHS) England Ambulance Quality Indictors (AQIs).
17 Whilst survival to hospital discharge is easier to collect than 30-day survival,

18 . . . s N .

19 comparisons between international registries are limited by cultural differences

3(1) (whether patients are discharged home to die or die predominantly in hospital) and
22 health system differences (discharge process efficiency, long-term care provision in
23

24 hospital versus care home settings).

25

26

27 . . N g . . -

28 Ensuring high data quality is essential as this forms the basis of decisions that

ég ultimately impact on changes in care and healthcare resource allocation. Many issues
31 require consideration when collecting OHCA datasets. Firstly, case identification occurs
32

33 by many means including ambulance dispatch codes, crew reporting and database

gg searches for arrest codes.* Secondly, outcomes are collected through different methods
36 including coroner reports, emergency department records, central records centres or
37

38 electronic records,* each with varying outcome definitions. This illustrates how

Zg different data collection processes affect data quality variability and reliability.

41

42

ji In the UK, significant variation exists between ambulance services in outcomes for

45 patients with attempted resuscitation following OHCA. In 2011, return of spontaneous
46

47 circulation (ROSC) was achieved in 13.3% to 26.7% of patients at hospital arrival and
jg 2.2% to 12.0% of patients survived to hospital discharge.* Such differences have been
50 observed worldwide.> However, Lilford et al highlighted that the greatest variation in
51

52 reporting outcomes can be traced to the quality of data that outcome results are based
gj on.? Data linkage may partly address the problem of missing data. This involves using
gg multiple databases to fill missing data and merge data into a universal file. Thus, data
57

58

59

60
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linkage also works towards solving the problem of using multiple data collection

methods to source data as it results in the storage of information in one location.

Data linkage has been used successfully in several fields including maternal health
records,” post market surveillance of medical devices,8 cardiac rehabilitation® and
hormone therapy in breast cancer.10 It has also been utilised by regional and national
OHCA databases to confirm survival status through mortality data linkage in Australia,!!
Denmark!? and Canada.13 Linkage can provide a centralised, high quality database for
research and service appraisal and has the potential to allow longitudinal surveillance

of patients with cardiac arrest to accurately determine survival.

The Out-of-Hospital Cardiac Arrest Outcomes (OHCAOQ) project is funded by the
Resuscitation Council (UK), British Heart Foundation and University of Warwick. Itis a
prospective observational study aiming to investigate the epidemiology and outcomes
of adults and children sustaining OHCAs across the UK.141> This paper presents a sub-
project of the OHCAO project aiming to establish the feasibility of linking OHCAO data to
NHS patient demographic data and Office for National Statistics (ONS) mortality data

through the NHS Digital list cleaning service.

METHODS
Setting

The ten English NHS ambulance services collecting data for the OHCAO project cover
approximately 54 million people. Data were collected from 1st January 2014 to 31st
December 2014 on 28,729 patients suffering OHCAs in whom resuscitation was
attempted by EMS. This figure was reached after excluding individuals in whom
resuscitation was not attempted as per national guidelines due to the presence of a do
not attempt resuscitation order, signs incompatible with life or where resuscitation

attempts would be futile.16
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Aims & Objectives

The overall aim of this project was to investigate the feasibility of linking a sample of
OHCAO 2014 data to NHS patient demographic data and date of death data held on the
Personal Demographics Service (PDS) database, via the NHS Digital list cleaning service,
to improve data quality and establish accurate 30-day survival outcomes for OHCA. The
objectives were to (1) assess the success rate of OHCAO patient demographic variables
(NHS number, surname, forename, date of birth (DOB), and home postcode) for
matching to the NHS PDS database through NHS Digital list cleaning; (2) assess
improvements in the completeness of OHCAO patient demographic variables through
NHS Digital list cleaning; (3) create a linked OHCAO and NHS PDS database allowing
analysis of 30-day survival from OHCA; (4) compare OHCA patient demographic, event,
pre-EMS intervention, clinical, and outcome characteristics between cases that were

matched to NHS PDS data compared to those that remained unmatched.

OHCAO project data collection

Detailed information about the OHCAO project is available in the study protocol.1* EMS
personnel identified OHCAs by searching case records for confirmed arrests, cases
indicating treatment for cardiac arrests e.g. patients with no pulse or respiratory effort
and 999 dispatch codes. Core and supplemental Utstein variables were collected
encompassing demographic, system, process and outcome data.l” The OHCAO project
received ambulance service data uploads via a secure server and stored data on the

OHCAO database at the University of Warwick.

OHCAO data sample

The analysis presented here represents a 10.9% sample of the 2014 data from the
OHCAO database, selected using simple random sampling and stratified by ambulance
service. The sample consisted of 3120 patients whose data were linked with NHS PDS

data to establish the feasibility of linking to mortality data to confirm survival status.
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OHCAO data linkage to ONS mortality data

OHCAO to NHS PDS data linkage approval was received after submitting an application
to the NHS Digital Data Access Request Service; additional approval was obtained from
ONS for the release of mortality data. OHCAO submitted 3120 cases to NHS Digital, via
the NHS Digital secure transfer system, detailing the following patient demographic
variables of varying completeness: NHS number, surname, forename, DOB and home

postcode.

OHCAO used the NHS Digital list cleaning service which validates demographic data to
ensure accuracy and improve data linkage outcomes. Validation is achieved by NHS
Digital matching submitted demographic variables to NHS patient demographic data
held on the PDS database. The PDS database is a national electronic database
containing NHS patient demographic information, including NHS number, name
and address. For each matched case NHS Digital were asked to provide the following
patient demographic information: NHS number, surname, forename, and home

postcode.

NHS Digital utilised both automatic and manual matching techniques, using a
combination of deterministic and probabilistic matching methods.1819 Cases were
initially submitted for automatic matching which uses a decision tree algorithm to
provide matches. A subset of cases that failed automatic matching were resubmitted for
manual matching. Where manual matching is required, NHS Digital operators use up to

20 search routes using the demographic variables to provide matches.

As part of the list cleaning service NHS Digital was also able to provide a date of death if
the patient was deceased. The date of death data is held in the NHS PDS dabase and is
sourced from ONS mortality data. OHCAO required information on deaths from 1st
January 2014 until 31st January 2015. This was utilised to calculate 30-day survival.

Where no date of death was provided the patient was categorised as alive.
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1

2

3 ONS date of death data

4

5 ONS mortality data contains all deaths registered in England and Wales. Deaths are

6

7 normally registered within 5 days of death dates collected from death certificates,

g coroner certificates and inquests. ONS mortality data is subject to validation and quality
10 assurance processes and collected in line with the Statistics and Registration Service Act
11

12 2007.20

13

14

15 _

16 Analysis

17

18 An analysis was conducted to assess how particular demographic data points enabled
;g linkage with NHS PDS data and how and if the data linkage process improved the

21 completeness of patient demographic data. This was done descriptively with

22

23 breakdowns of data linkage match rates for all combinations of the OHCAO

;g demographic variables sent to NHS Digital for data linkage.

26

27

gg The combined linked dataset was analysed to investigate 30-day survival rates

30 calculated by evaluating if patients were alive 230 calendar days from the EMS OHCA
31

32 incident date. The analysis was carried out pre and post linkage, illustrating linkage

22 effects. 30-day survival was calculated using OHCAO data where there was a date of

35 death or date discharged >30 days after the OHCA incident date. Where there was an

36

37 OHCAO date of death <30 days after the OHCA incident date or further ambulance

gg service data indicating the patient status was deceased on the day of the OHCA incident
22 date (e.g. hospital code indicating patient deceased and not conveyed to hospital) the

42 patient was categorised as not surviving to 30 days. All other cases were categorised as
j:i unknown for patient 30-day survival status. For the combined linked dataset, cases that
jg were linked to ONS mortality data were categorised as 30-day survival where there was
47 no date of death or where a date of death was provided that was >30 days after the

48

49 OHCA incident date. Where there was an ONS date of death <30 days after the OHCA

22 incident date the patient was categorised as not surviving to 30 days. Where there was a
52 contradiction in patient survival status between OHCAO data and ONS mortality data

53

54 then ONS mortality data superseded OHCAO data.

55

56

57

58

59

60 7
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Descriptive data collected by the OHCAO project were generated for the combined
OHCAO and NHS PDS dataset (NHS Digital matched cases and OHCAO non-matched
cases). This included patient demographics, event data (arrest witness status), pre-EMS
intervention (bystander CPR, public access defibrillation (PAD) use) and clinical
information (initial rhythm, aetiology). Cases were allocated to 3 groups based on
outcomes; ROSC at anytime, survival to hospital discharge, and died. Patients were
categorised as ROSC at anytime if survival to hospital discharge was not confirmed but
ROSC was recorded before or at hospital transfer. Patients were categorised as survival
to hospital discharge where discharge was confirmed by OHCAO data. Finally, patients
were categorised as died if there was no recorded ROSC (before or at hospital transfer)
or survival to hospital discharge, with an ONS confirmed date of death. Within these
outcome groups, the characteristics of matched and unmatched cases were compared
descriptively to assess for differences. This assessed if match status was affected by

these characteristics.

RESULTS
OHCAO data cleaning process

Of the 3120 cases transferred to NHS Digital, 2070 (66.3%) were automatically matched
by the NHS Digital list cleaning algorithm while 1050 (33.7%) were not (Figure 1). 620
(19.9%) cases failing automatic matching were resubmitted for manual matching
following which 437 (14.0%) were returned having been manually matched. 430 cases
(13.8%) were not submitted for manual matching as there was little chance of a match
due to missing data points (252 cases only had 1 data point out of surname, forename,
DOB and home postcode and 178 cases did not have any data points). Overall, 2513
(80.5%) cases were matched of which 7 (0.2%) cases could not be released due to the
patient being lost to follow-up (1 case, reason unknown) or the patient had registered a
type 2 opt-out with NHS Digital, meaning that the patients’ personal confidential data
cannot be released by NHS Digital for reasons other than their own direct care (6 cases).

607 (19.5%) cases could not be matched due to insufficient data for matching (Table 2).
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Figure 1: Data matching process linking OHCAO data with NHS PDS data through the NHS Digital

list cleaning service

Sample of OHCAO database 2014
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46 * Insufficient data from OHCAO database for NHS Digital to match these cases.
47 ** Data not provided as patient lost to follow-up (reason unknown).
48 *** Data not provided due to patient registration of type 2 opt-out with NHS Digital.

51 Data points required for matching through NHS Digital list cleaning

53 The data point determining the highest match rate was NHS number (Table 1). 100% of

55 cases with an NHS number were matched to the PDS database and therefore matched to
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ONS mortality data with 99% of cases with an NHS number being automatically
matched. However, only 31.7% of OHCAO cases had an NHS number.

Table 1: Total cases with each demographic data point collected by OHCAO project

Page 10 of 32

NHS No. Surname Forename DOB Postcode
Total OHCAQO cases with data point
(% of total 3120 cases) | 989 (31.7%) | 2699 (86.5%) | 2693 (86.3%) | 2700 (86.5%) | 1626 (52.1%)
Match status Total matched | 989 (100%) | 2506 (92.8%) | 2505(93.0%) | 2408 (89.2%) | 1566 (96.3%)
(% of cases with | auto match | 979 (99.0%) | 2070 (76.7%) | 2070 (76.9%) | 2070 (76.6%) | 1364 (83.9%)
specified data
point) Manual match | 10 (1.0%) 436 (16.2%) | 435(16.2%) | 338(12.5%) | 202 (12.4%)
Nomatch | 0 (0.0%) 193 (7.2%) 188 (7.0%) 292 (10.8%) 60 (3.7%)

Approximately a quarter (27.8%) of the sample had all 5 data points allowing all of

these to be automatically matched to NHS PDS data data (Table 2). 53.2% had 3 to 4
data points of which 93.4% and 95.7% were matched, respectively. Of these, all with

NHS numbers were matched, whilst a combination of data points

surname+forename+DOB+postcode and surname+forename+DOB resulted in match

rates of 81.6% and 89.8%. However, cases where only 1 or 2 data points were provided

were less likely to be matched (2.3% and 44.2% respectively). 178 (5.7%) cases had no

OHCAO demographic data and therefore could not be matched.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml
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Table 2: Combinations of data points required for linkage to the NHS PDS database

Number of data points
(n cases, % of total)

Combinations

N

(total 3120 cases)

Matched, 2513
(n, % of total in data
point category)

Unmatched, 607
(n, % of total in data
point category)

5
(868, 27.8%) NHS+surname+forename+DOB+postcode | 868 (100%) 0
NHS+surname+DOB+postcode 0 0
4 NHS+forename+DOB+postcode 0 0
(815, 26.1%) NHS+surname+forename+postcode 3 (0.4%) 0
NHS+surname+forename+DOB 112 (13.7%) 0
surname+forename+DOB+postcode 665 (81.6%) 35 (4.3%)
Total 780 (95.7%) 35 (4.3%)
NHS+surname+forename 1(0.1%) 0
NHS+surname+DOB 0 0
NHS+surname+postcode 0 0
3 NHS+forename+DOB 0 0
(846, 27.1%) NHS+forename+postcode 0 0
NHS+DOB+postcode 0 0
surname+forename+DOB 760 (89.8%) 44 (5.2%)
surname+forename+postcode 27 (3.2%) 11 (1.3%)
surname+DOB+postcode 1(0.1%) 1(0.1%)
forename+DOB+postcode 1(0.1%) 0
total 790 (93.4%) 56 (6.6%)
NHS+surname 0 0
NHS+forename 1(0.6%) 0
NHS+DOB 0 0
NHS+postcode 0 0
2 surname+forename 67 (42.9%) 82 (52.6%)
(156, 5.0%) surname+DOB 0 0
surname+postcode 0 2 (1.3%)
forename+DOB 0 1(0.6%)
forename+postcode 0 1(0.6%)
DOB+postcode 1(0.6%) 1(0.6%)
total 69 (44.2%) 87 (55.8%)
NHS 4 (1.6%) 0
1 surname 2 (0.8%) 18 (7.0%)
(257, 8.2%) forename 0 14 (5.4%)
DOB 0 210 (81.7%)
postcode 0 9 (3.5%)
total 6 (2.3%) 251 (97.7%)
0 (178, 5.7%) nil 0 178 (100%)

11
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Data improvements after NHS Digital list cleaning and provision of ONS date of

death data
Demographic improvements

After case matching, NHS Digital returned demographic data points (forename,
surname, NHS number, home postcode) and ONS date of death if applicable. 1484
(47.6%) cases were not improved for any demographic data points (Table 3). These
cases were those where complete demographic data were already collected by OHCAO
(868 cases), matching failed (607 cases) or data could not be released by NHS Digital
due to either the patient being lost to follow-up or the patient registering a type 2 opt-
out with NHS Digital (6 of the 7 cases). All demographic data was already collected by
OHCAO for 1 case out of these 7 cases and therefore was included in the aforementioned
868 cases. Lastly, for 3 cases OHCAO collected NHS+surname+forename+postcode and
therefore these effectively could not be improved by matching as NHS Digital were not

asked to provide DOB.

Of the 2249 cases with missing data, 1636 (72.7%) cases had demographic
improvements following linkage. A quarter (25.8%) were improved by 1 demographic
data point and a further quarter (26.4%) by 2 data points. Of the 7 that were improved
by 3 data points (Table 3), OHCAO provided NHS number for 4 cases, surname for 2

cases and DOB, and postcode for 1 case.

Table 3: Number of data points added to OHCAO data after NHS Digital list cleaning

Number of demographic data Number of cases
points increased by list cleaning
0 1484 (47.6%)
1 804 (25.8%)
2 825 (26.4%)
3 7 (0.2%)

NHS Digital returned NHS numbers for 1518 (48.7%) cases in which it was not already
collected by OHCAO (supplementary Table 1). OHCAO had already collected forename
and surname in most cases (86.5% and 96.3% respectively) which were least improved

following matching.

12
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Survival data improvements following provision of ONS mortality data

30-day survival status (yes or no) using OHCAO data were confirmed for 1,682 (53.9%)
cases (Table 4). 30-day survival was confirmed using OHCAO data if ambulance services
provided a date of death or discharge date over 30 days after the OHCA incident date.
Linking to ONS mortality data resulted in confirmed 30-day survival status (yes or no)
for 2856 (91.5%) cases, a 37.6% improvement in 30-day survival status confirmation.
Without ONS data, 30-day survival would be calculated as 0.4% while after linkage to

ONS data the result was 9.3% overall 30-day survival.

Table 4: Comparison of 30-day survival calculation pre- and post- data linkage

30-day survival
Dataset 1: OHCAO data Dataset 2: Linked OHCAO and ONS data
Yes 12 (0.4%) Yes 290 (9.3%)
No 1670 (53.5%) No 2566 (82.2%)
Unknown 1438 (46.1%) Unknown 264 (8.5%)
Total 3120 (100%) Total 3120 (100%)

Comparison of patient groups

All 3120 cases had resuscitation attempted. Table 5 displays data combining OHCAO
and NHS PDS data. Cases were categorised in the following outcome group: ROSC at
anytime (1184, 37.9%), survival to hospital discharge (253, 8.1%), and died (1584,
50.8%). For 99 cases (3.2%), there were insufficient data to be categorised in an

outcome group and so these cases were categorised das no group.

All patients categorised as died or no group were matched to NHS PDS data while for
ROSC at anytime cases 50.8% were matched and 90.1% of survival to hospital discharge
cases were matched. Survival to hospital discharge patients were on average 8 years
younger (55.2-55.7 years) than those categorised as ROSC at anytime (63.9 years or
died (64.9 years). Additionally the bystander CPR rate was at least 10% higher for
survival to hospital discharge patients compared to ROSC at anytime and died patients.
The ROSC at anytime and died groups were comparable in all parameters as were the
matched and unmatched cases within the ROSC at anytime group. However those not

matched in the survival to hospital discharge groups showed comparatively higher

13
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rates of defibrillator usage (20.0% vs. 5.7%) with lower rates of shockable rhythms
(32.0% vs. 61.0%) compared to the matched group. However these figures are based on

very few patients.

14
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Table 5: Comparison of matched and unmatched OHCA case characteristics by outcome group

Survival status as reported by ambulance services

1

2

3

4

5

6

7

8

9 Variables ROSC at anytime (1184, 37.9%) | Survival to hospital discharge Died (1584, 50.8%) No group (99, 3.2%) Totals (3120, 100%)

10 (253, 8.1%)

11 Match No match Match No match Match No match Match No match Match No match
12 602 (50.8%) 582 (49.2%) 228 (90.1%) 25 (9.9%) 1584 (100%) (0.0%) 99 (100%) 0 (0%) 2513 (80.5%) | 607 (19.5%)
18 Age (years)

14 Mean (SD) 63.9 (24.0) 62.9 (23.2) 55.2 (24.3) 55.7 (18.0) 64.9 (24.4) - 58.1(28.1) - 63.4 (24.7) 62.6 (23.1)
15 Median (IQR) 71.0 (27.5) 68.0 (31.0) 60.0 (52) 62.0(20.3) 73.0 (28.0) - 68.0 (40) - 71.0 (29) 67.0 (30)
16 Sex

1y Male 361 (60.0%) 338 (58.1%) 153 (67.1%) 12 (48.0%) 946 (59.7%) 0 (NA) 51 (51.5%) 0 (NA) 1511 (60.1%) | 350 (57.7%)
18 Female 235 (39.0%) 168 (28.9%) 70 (30.7%) 5 (20.0%) 565 (35.7%) 0 (NA) 35 (35.4%) 0 (NA) 905 (36.0%) | 173 (28.5%)
19 Missing 6 (1.0%) 76 (13.1%) 5 (2.2%) 8 (32.0%) 73 (4.6%) 0 (NA) 13 (13.1%) 0 (NA) 97 (3.9%) 84 (13.8%)
2 Witness status

21 EMS 83 (13.8%) 61 (10.5%) 56 (24.6%) 3 (12.0%) 174 (11.0%) 0 (NA) 17 (17.2%) 0 (NA) 330 (13.1%) 64 (10.5%)
22 Bystander 206 (34.2%) 182 (31.3%) 84 (36.8%) 6 (24.0%) 418 (26.4%) 0 (NA) 26 (26.3%) 0 (NA) 734 (29.2%) 188 (31.0%)
28 Witness unspecified 57 (9.5%) 5(0.9%) 3(1.3%) 0 (0.0%) 78 (4.9%) 0 (NA) 4 (4.0%) 0 (NA) 142 (5.7%) 5(0.8%)
24 Unwitnessed 171 (28.4%) 225 (38.7%) 58 (25.4%) 10 (40.0%) 635 (40.1%) 0 (NA) 26 (26.3%) 0 (NA) 890 (35.4%) 235 (38.7%)
25 Missing 85 (14.1%) 109 (18.7%) 27 (11.8%) 6 (24.0%) 279 (17.6%) 0 (NA) 26 (26.3%) 0 (NA) 417 (16.6%) 115 (18.9%)
26  Bystander CPR

27 Yes 272 (45.2%) 272 (46.7%) 107 (46.9%) 15 (60.0%) 710 (44.8%) 0 (NA) 27 (27.3%) 0 (NA) 1116 (44.4%) | 287 (47.3%)
28 No 254 (42.2%) 210 (36.1%) 86 (37.7%) 5(20.0%) 637 (40.2%) 0 (NA) 41 (41.4%) 0 (NA) 1018 (40.5%) | 215 (35.4%)
29 Missing 76 (12.6%) 100 (17.2%) 35 (15.4%) 5(20.0%) 237 (15.0%) 0 (NA) 31(31.3%) 0 (NA) 379 (15.1%) 105 (17.3%)
3 Bystander CPR rate* 52.4% 52.2% 62.2% 68.1% 50.4% - 32.9% - 51.1% 52.9%
31 Matched/unmatched 52.3% 62.9% 50.4% 32.9% 51.5%

32 overall per group

3 PAD used

34 Yes 12 (2.0%) 8 (1.4%) 13 (5.7%) 5 (20.0%) 13 (0.8%) 0 (NA) 0 (0.0%) 0 (NA) 38 (1.5%) 13 (2.1%)
35 No 430 (71.4%) 351 (60.3%) 154 (67.5%) 7 (28.0%) 1134 (71.6%) 0 (NA) 54 (54.5%) 0 (NA) 1772 (70.5%) | 358 (59.0%)
36 Missing 160 (26.6%) 223 (38.3%) 61 (26.8%) 13 (52.0%) 437 (27.6%) 0 (NA) 45 (45.5%) 0 (NA) 703 (28.0%) 236 (38.9%)
37

38 Aetiology

39 Cardiac 535 (88.9%) 408 (70.1%) 210 (92.1%) 18 (72.0%) 1428 (90.2%) 0 (NA) 84 (84.8%) 0 (NA) 2257 (89.8%) | 426 (70.2%)
40 Traumatic 16 (2.7%) 38 (6.5%) 3 (1.3%) 1(4.0%) 24 (1.5%) 0 (NA) 2 (2.0%) 0 (NA 45 (1.8%) 39 (6.4%)
41

42 15
43

44

45
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1
2
3
4
5 Submersion 0 (0.0%) 2 (0.3%) 1(0.4%) 0 (0.0%) 4(0.3%) 0 (NA) 0 (0.0%) 0 (NA) 5 (0.2%) 2 (0.3%)
6|  DrugOverdose 0 (0.0%) 2 (0.3%) 0 (0.0%) 0 (0.0%) 5 (0.3%) 0 (NA) 0 (0.0%) 0 (NA) 5 (0.2%) 2 (0.3%)
7 Asphyxia 20 (3.3%) 10 (1.7%) 6 (2.6%) 0 (0.0%) 36 (2.3%) 0 (NA) 3 (3.0%) 0 (NA) 65 (2.6%) 10 (1.6%)
8 Other 31 (5.1%) 122 (21.0%) 8 (3.5%) 6 (24.0%) 87 (5.5%) 0 (NA) 10 (10.1%) 0 (NA) 136 (5.4%) 128 (21.1%)
9 Initial Rhythm
10 Asystole 228 (37.9%) 228 (39.2%) 35 (15.4%) 3(12.0%) 818 (51.6%) 0 (NA) 18 (18.2%) 0 (NA) 1099 (43.7%) | 231 (38.1%)
11 VF/VT 146 (24.3%) 86 (14.8%) 139 (61.0%) 8 (32.0%) 222 (14.0%) 0 (NA) 23 (23.2%) 0 (NA) 530 (21.1%) 94 (15.5%)
12 PEA 150 (24.9%) 75 (12.9%) 24 (10.5%) 3 (12.0%) 277 (17.5%) 0 (NA) 22 (22.2%) 0 (NA) 473 (18.8%) 78 (12.9%)
13 Bradycardia 1(0.2%) 0 (0.0%) 1(0.4%) 0 (0.0%) 7 (0.4%) 0 (NA) 1(1.0%) 0 (NA) 10 (0.4%) 0 (0.0%)
14 Not recorded 13 (2.2%) 30 (5.2%) 11 (4.8%) 0 (0.0%) 40 (2.5%) 0 (NA) 3 (3.0%) 0 (NA) 67 (2.7%) 30 (4.9%)
1% Other 7 (1.2%) 17 (2.9%) 7 (3.1%) 0 (0.0%) 15 (0.9%) 0 (NA) 2 (2.0%) 0 (NA) 31 (1.2%) 17 (2.8%)
16 Missing 57 (9.5%) 146 (25.1%) 11 (4.8%) 11 (44.0%) 205 (12.9%) 0 (NA) 30 (30.3%) 0 (NA) 303 (12.1%) | 157 (25.9%)
17 *Bystander CPR rate was calculated as the total number of patients receiving bystander CPR, divided by the total number of EMS treated OHCA events minus the EMS
18 witnessed cardiac arrests.
19 Note: NA: not applicable.
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Accuracy of OHCAO date of death data

In this sample OHCAO reported a date of death for 1178 (37.8%) cases from ambulance
services, however for 64 (5.4%) of these cases ONS mortality data confirmed patients
were still alive at the time of linkage. Of the 1942 (62.2%) cases where OHCAO could
not confirm a date of death, 778 (40.1%) were confirmed alive at the time of linkage and

1164 (59.9%) had died (supplementary Table 2).

DISCUSSION

This study demonstrates the feasibility and value of using data linkage to significantly
improve epidemiological data quality in an OHCA registry. Using a sample of 3120
OHCADO cases receiving EMS-attempted resuscitation, this study achieved an 80.5%
match with NHS PDS and ONS mortality data. This enabled provision of registered death
dates and survival status for more accurate calculation of 30-day survival. Results
showed a 30-day survival rate of 9.3%, reducing unknown survival status from 46.1%
to 8.5% (Table 4). Additionally, demographic data quality improved for 52.4% of cases
(1636 cases). 1484 cases did not have improved demographic data after linkage but for
58.5% (868 cases) of these, complete data were already collected by OHCAO leaving
607 that could not be matched and 6 where data were not provided due to
confidentiality or loss to follow up. NHS list cleaning provided NHS numbers for a
further 1518 (48.7%) cases, increasing the potential to utilise data linkage to follow
patients longitudinally after OHCA, e.g. by linking to Hospital Episode Statistics (HES)
data. While the provision of postcodes for 942 (30.2%) cases allows comparison of
OHCAs that occur at home verses those in public places and potentially assessment of

multiple deprivation index effect on survival after OHCAs.

The variability of cardiac arrest survival is well documented.* Where data from
ambulance services does not follow a standard procedure, data collection variability
may have significant effects on data quality and comparability between services.
Increasingly, core outcome sets for specific research areas are developed outlining
minimum datasets for routine collection and create a level of standardisation to
compare studies and allow formation of meta-analyses.2! In the field of OHCAs, the

Utstein guidelines have been developed.1722 However, a study investigating the level of
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missing data within primary outcomes in 283 Cochrane Reviews of all areas of clinical
practice found that over 50% of patient data were missing in 18% of reviews.23
Furthermore, an analysis of 12 international OHCA registries’ collection of data using
Utstein templates found that although all registries collected core variables, there were
differences in interpretation of the template and recorded ‘unknown’ for a mean of 4.8
variables and ‘missing’ for 1.9 variables.?* Therefore minimum datasets are not

sufficiently effective in reducing missing data.

The best data point provided by ambulance services to identify cases is the NHS
number. It provides a unique identifier to resolve missing demographic data issues if no
other demographic data are provided. 100% of OHCAO cases with an NHS number were
matched to NHS PDS data, however, it was only available in a third (31.7%) of cases
(Table 1). Logistical difficulties exist in ascertaining NHS number as it may not be
available in the out-of-hospital setting. However, this study found that providing at least
3 to 4 demographic variables other than NHS number resulted in a match rate of up to
89.8%, depending on the combination and especially if forename and surname were
provided. This also allowed provision of NHS number in 48.7% of cases where it was
not collected by the OHCAO project (supplementary Table 1). If less than a threshold of
3 data points are provided, this study found a lower potential for data matching (0-
44.2%, Table 2). These findings are in line with research showing that OHCA databases
in different countries can successfully link OHCA patients to outcome databases where
unique patient identifiers are readily available.1213 Whilst a study from the United
States by Mumma and colleagues2> showed limited feasibility for linking OHCA patients
to longitudinal outcomes using probabilistic matching when there is no unique patient
identifiers available and there is variability in completeness of patient demographic
data. Furthermore, for 178 (5.7%) cases, no patient-identifiable demographic data were
collected, preventing matching. Harron et al’s? study linking mother and baby records
using HES data created deterministic and probabilistic data links without using direct
personal identifiers, instead using non-identifiable clinical and demographic variables
to link cases. Such methods could be utilised where patient-identifiable demographic
data are unavailable. Alternatively, Zwisler et al? implemented mandatory reporting to
the Danish Cardiac Rehabilitation Database for all hospitals in Denmark providing
cardiac rehabilitation, working towards creating a complete dataset.

18
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In this sample of 3120 OHCA patients, survival to hospital discharge was 8.1% (Table 5),
not dissimilar to the overall survival to hospital discharge rate of 8.7% in 2014 reported
by the English ambulance services to the NHS England AQIs.2¢ Half (50.8%) of OHCAs
with attempted resuscitation died with no ROSC at anytime while 37.9% achieved ROSC
at anytime but were not discharged from hospital. The characteristics of these patients
were similar to those who achieved ROSC at anytime in both the matched and
unmatched group. As survival status was not used to determine case allocation to the
ROSC at anytime group (only ROSC status and lack of discharge confirmation), this may
explain why match status does not confer any difference in characteristics of patients in
this group. Survival to hospital discharge patients had 10% higher rates of bystander
CPR with 58.1% having shockable rhythms. Initial shockable rhythms have been shown
to independently predict survival to hospital discharge and therefore presents a
significant survival advantage.?” As 90% of discharged patients were matched, the data
on characteristics of unmatched patients is based on only 9.9% of survival to hospital

discharge patients and is insufficient to draw conclusions from.

The OHCAO project was able to collect a date of death for 1178 (37.8%) cases.
Interestingly, a date of death was incorrectly stated for 64 cases where ONS mortality
data confirmed patients were still alive at the time of linkage. This is an important
finding as this shows the importance of data linkage to correct database errors. Such
errors may lead to incorrect reporting of cardiac arrest survival as part of the NHS

England AQIs which, in some cases, may lead to financial or other sanctions.

This study’s strengths lie in its standardised procedures for OHCA case definition and
data collection. The data points collected were based on established Utstein
guidelines.1? Exact data matches with NHS PDS and ONS mortality data established a
high quality of case identification and survival status. The limitations were that 99 cases
(3.2%) were matched but insufficient OHCAO project data were available to identify
these patients as having achieved ROSC at anytime, survival to discharge, or as having
died. Additionally, 178 cases collected by OHCAO had no demographic data points and

therefore could not be matched.
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CONCLUSIONS

This study shows the feasibility of linking data from the UK OHCAO project to NHS
patient demographic and date of death data held on the PDS database, via the NHS
Digital list cleaning service. This provided high quality data on survival status revealing
a 30-day survival of 9.3% with reduction of unknown 30-day survival status from 46%
to 8.5%. Knowledge of 30-day survival from OHCAs may be of use to the NHS in terms of
resource planning and directing service provision. Demographic data were improved
for over half of cases and can be used as a means of creating a registry of patients

sustaining OHCA that may be followed longitudinally.

Missing NHS numbers are a significant obstacle in creating an OHCAO database as these
enable linkage to other databases. This study found that if at least forename and
surname is collected with one other demographic data point, there is still a high chance
of retrieving NHS numbers. Future research could look at the utility of the linkage
process in following patients longitudinally after cardiac arrest for example by linking
to HES data. This may provide more reliable survival to hospital discharge outcome

data.
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SUPPLEMENTARY DATA

Table 1: Specific data points increased following linkage

Data point Number increased by linkage
(n, % of total cases)

NHS 1518 (48.7%)

Surname 7 (0.2%)

Forename 8 (0.3%)

Postcode 942 (30.2%)

Table 2: Comparison of date of death confirmed by OHCAO and ONS data

ONS confirmed survival status | Total (n, % total 3120 cases)
Dead Alive

OHCAO project | yes 1114 64 1178 (37.8%)

date of death No 1164 778 1942 (62.2%)

provided

Totals (n, % total 3120 cases) 2278 (73.0%) | 842 (27.0%) 3120 (100%)
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The RECORD statement — checklist of items, extended from the STROBE statement, that should be reported in observational studies using
routinely collected health data.

Item | STROBE items Location in RECORD items Location in
Ne. manuscript where manuscript
items are reported where items are
reported
Title and abstract .
1 a) Indicate the study’s design RECORD 1.1: The of data used ;.
ivi)th a commonly us);d termgin (Q) PA« 6 1 should be specified gpt‘lele title or “ PA({ﬁ 1
the title or the abstract (b) (b) PA q 6 Z— abstract. When possible, the name of
Provide in the abstract an the databases used should be included.
informative and balanced
summary of what was done and RECORD 1.2: If applicable, the I.Z P A&é 2
what was found geographic region and timeframe
within which the study took place
should be reported in the title or
abstract.
RECORD 1.3: If finkage between L3 PAGes 3-2
databases was conducted for the study,
this should be clearly stated in the title
or abstract.
Introduction _ . .
Background 2 Explain the scientific
rationale background and rationale for the pAé’es 3—1{'
investigation being reported
Objectives 3 State specific objectives, ’
including any prespecified P A(‘lb l‘—
hypotheses
Methads
Study Design 4 Present key elements of study .
design early in the paper PAﬁﬁS li' 5
Setting 5 Describe the setting, locations,
and relevant dates, including -
periods of recruitment, exposure, PAq&s l" 6
follow-up, and data collection
Participants 6 (a) Cohort study - Give the RECORD 6.1: The methods of study
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eligibility criteria, and the
sources and methods of selection
of participants. Describe
methods of follow-up
Case-control study - Give the
eligibility criteria, and the
sources and methods of case
ascertainment and control
selection. Give the rationale for
the choice of cases and controls
Cross-sectional study - Give the
eligibility criteria, and the
sources and methods of selection
of participants

(b) Cohort study - For matched
studies, give matching criteria
and number of exposed and
unexposed

Case-control study - For
matched studies, give matching
criteria and the number of
controls per case

() PAGES |-

&) NJA

population selection (such as codes or
algorithms used to identify subjects)
should be listed in detail. If this is not
possible, an explanation should be
provided.

RECORD 6.2: Any validation studies
of the codes or algorithms used to
select the population should be
referenced. If validation was conducted
for this study and not published
elsewhere, detailed methods and
results shouid be provided.

RECORD 6.3: If the study involved
linkage of databases, consider use of a
flow diagram or other graphical
display to demonstrate the data linkage
process, including the number of
individuals with linked data at each
stage.

& PAGe &

62 PAGS 61

43 PAGEA

Variables

Clearly define all outcomes,
exposures, predictors, potential
confounders, and effect
modifiers. Give diagnostic
criteria, if applicable.

PAGEF

RECORD 7.1: A complete list of codes
and algorithms used to classify
exposures, outcomes, confounders, and
effect modifiers should be provided. If
these cannot be reported, an
explanation should be provided.

PAGES T-8

Data sources/
measurement

For each variable of interest,
give sources of data and details
of methods of assessment
(measurement).

Describe comparability of
assessment methods if there is
more than one group

PAGES S-8

Bias

Describe any efforts to address
potential sources of bias

PAGE S
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1
2
3
4
5
6
7
8
9
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11
12
13
14
15
16 - - -
17 Study size 10 fzs:dmaltlow the study size was P A qe S
18 Quantitative 11 Explain how quantitative
19 | variables variables were handled in the o
20 analyses. If applicable, describe PA“S 1 §
21 which groupings were chosen,
22 — and why
3 Statistical 12 (a) Descr{be all §tatistica1
o methods mettho(lisf, mclu?mg ;l'lose used to PA {ﬁs 1 g

control for confounding -
25 b) Describe any methods used
26 ’Eo)examine subgroups and
27 interactions
28 (c) Explain how missing data

were addressed
29 (d) Cohort study - If applicable,
30 explain how loss to follow-up
31 was addressed

Case-control study - If
gé applicable, explaii how
34 matching of cases and controls

was addressed
35 Cross-sectional study - If
36 applicable, describe analytical
37 methods taking account of
38 sampling strategy
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ABSTRACT

Objectives: The Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project aims to
understand the epidemiology and outcomes of out-of-hospital cardiac arrests (OHCA)
across the UK. This data linkage study is a sub-project of OHCAO. The aim was to
establish the feasibility of linking OHCAO data to National Health Service (NHS) patient
demographic data and Office for National Statistics (ONS) date of death data held on the
NHS Personal Demographics Service (PDS) database to improve OHCAO demographic
data quality and enable analysis of 30-day survival from OHCA.

Design and setting: Data were collected from 15t January 2014 to 315t December 2014
as part of a prospective, observational study of OHCA attended by ten English NHS
Ambulance Services. 28,729 OHCA cases had resuscitation attempted by Emergency
Medical Services and were included in the study. Data linkage was carried out using a
data linkage service provided by NHS Digital, a national provider of health-related data.
To assess data linkage feasibility a random sample of 3120 cases was selected. The
sample was securely transferred to NHS Digital to be matched using OHCAO patient
demographic data to return previously missing demographic data and provide ONS date

of death data.

Results: A total of 2513 (80.5%) OHCAO cases were matched to patients in the NHS PDS
database. Using the linkage process, missing demographic data were retrieved for 1636
(72.7%) out of 2249 OHCAO cases that had previously incomplete demographic data.
Returned ONS date of death data allowed analysis of 30-day survival status. The results
showed a 30-day survival rate of 9.3%, reducing unknown survival status from 46.1%

to 8.5%.

Conclusions: In this sample, data linkage between the OHCAO registry and NHS PDS
database was shown to be feasible, improving demographic data quality and allowing

analysis of 30-day survival status.
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ARTICLE SUMMARY

Strengths and limitations of this study

guidelines.
through a list cleaning and patient status service provided by NHS Digital.
date of death data allowed calculation of 30-day survival status.

= Provision of NHS numbers from OHCAO and NHS digital provides potential for

following long-term survival outcomes in OHCA patients through data linkage.

data by ambulance services.

= Data points collected as part of the OHCAO project were based on established Utstein

= The quality of demographic data collected by the OHCAO project was first improved

= Following list cleaning, exact data matches with Office for National Statistics (ONS)

= Improved data linkage is reliant on improved data capture of patient demographic

INTRODUCTION

Every year in the United Kingdom (UK) there are around 60,000 out-of-hospital cardiac
arrests (OHCA) attended by Emergency Medical Services (EMS) of which approximately
28,000 have resuscitation attempted.2 This group suffers significant mortality and
morbidity,34 and improving outcomes from OHCA remains a worldwide research

priority.5

Collecting high quality data is essential as this forms the basis of decisions that
ultimately impact on changes in care and healthcare resource allocation. Since 2011,
survival to hospital discharge rates for OHCA have been reported as part of the National
Health Service (NHS) England Ambulance Quality Indictors (AQIs), with significant
variation reported ranging from 2.2% to 12.0%.6 Regional variation in survival rates
have also been observed worldwide.”? Lilford et al highlighted that an important source
of variation in reporting outcomes can be traced to the quality of data that results are
based on.19 Collecting survival to discharge data in England is a challenging process for

ambulance services as it involves tracking the patients survival status directly with

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



©CoO~NOUTA,WNPE

BMJ Open Page 4 of 33

hospital emergency departments, which is time consuming and can be hindered by

governance issues.11,12

Data collected in international OHCA registries enables comparisons of OHCA
epidemiology and outcomes across different EMS systems.13-15 The Utstein guidelines
provide a structured template for collecting data on OHCA processes to support such
comparisons.1¢ To facilitate ease of reporting the updated Utstein guidelines
recommend collecting either 30-day survival or survival to hospital discharge as a core
outcome.l” The research literature suggests most international registries are able to
report either of these OHCA outcome measures.13-15 A recent example is the EuReCa
ONE study which aimed to benchmark OHCA incidence, process and outcomes across 27
European countries and reported a combined survival to discharge or 30-day survival

rate which ranged between 1.1% and 30.8%.15

Data linkage methodology has increasingly been used in medical research to establish
outcomes. It involves linking information together from different sources that belong to
the same individual.18 Data linkage has been utilised by regional and national OHCA
databases to confirm survival status through linkage with mortality databases.*19:20
Data linkage can address missing data issues, providing a centralised, high quality
database for research and service appraisal with the potential to allow longitudinal

surveillance of OHCA patients.

The Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project is funded by the
Resuscitation Council (UK), British Heart Foundation and managed by the University of
Warwick. It is a prospective observational study investigating the epidemiology and
outcomes of OHCA patients across the UK.2122 This paper presents a sub-project of the
OHCAO project aiming to establish the feasibility of linking OHCAO registry data to NHS
patient demographic data and Office for National Statistics (ONS) mortality data
through the NHS Digital list cleaning and patient status service.
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METHODS
Setting

The OHCAO project established a national UK OHCA registry to collect process and
outcome data to facilitate OHCA research and quality improvement. Detailed
information about the OHCAO project is available in the study protocol.21 The ten
English NHS ambulance services collecting data for the OHCAO project cover
approximately 54 million people, equating to 99.7% of the England population and
83.9% of the UK population.23 Data were collected from 1st January 2014 to 31st
December 2014 on 28,729 patients suffering OHCA in whom resuscitation was
attempted by statutory EMS (an incidence rate of 53.2 per 100,000 of the English
population).22 This figure was reached after excluding individuals who achieved ROSC
before arrival of EMS (n=1711) and where resuscitation was not attempted as per
national guidelines?# due to the presence of a do not attempt resuscitation order
(n=387), or signs incompatible with life or where resuscitation attempts would be futile

(n=5403).

Aims & Objectives

The overall aim of this project was to investigate the feasibility of linking a sample of
OHCAO 2014 data to NHS patient demographic data and ONS date of death data held on
the NHS Personal Demographics Service (PDS) database, using the NHS Digital list
cleaning and patient status service, to improve OHCAO demographic data quality and
allow calculation of 30-day survival from OHCA. The objectives were to (1) assess the
match rate of combinations of OHCAO patient demographic variables in the sample
(NHS number, surname, forename, date of birth (DOB), and home postcode) for linking
to the NHS PDS database through NHS Digital list cleaning; (2) assess improvements in
the completeness of OHCAO patient demographic variables through NHS Digital list
cleaning; (3) create a linked OHCAO and NHS PDS database allowing analysis of 30-day

survival from OHCA.

OHCAO project data collection
Core and supplemental Utstein variables were collected encompassing demographic,

system, process and outcome data.l¢ Each ambulance service has their own methods for

5
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OHCA case ascertainment e.g. electronic searches of patient report form databases for
diagnostic codes indicating cardiac arrest. A trained member of the ambulance service
clinical audit team entered eligible cases into a cardiac arrest database, followed by data
cleaning and verification processes. Survival to hospital discharge data was collected
directly from hospitals by the clinical audit team if data sharing protocols were in place.
Each ambulance service uploaded their data via a secure server to the OHCAO registry

which is stored at the University of Warwick.

OHCAO data sample

To assess feasibility whilst minimising costs associated with data linkage, the analysis
presented here represents a 10.9% sample of the 2014 OHCAO data, comprising 3120
OHCA patients. To avoid selection bias the sample was selected using simple random

sampling and stratified by ambulance service.

OHCAO data linkage to ONS mortality data

OHCAO to NHS PDS data linkage approval was received after submitting an application
to the NHS Digital Data Access Request Service; additional approval was obtained from
ONS for the release of mortality data. OHCAO submitted 3120 cases to NHS Digital, via
the NHS Digital secure transfer system, detailing the following patient demographic
variables of varying completeness: NHS number, surname, forename, DOB and home

postcode.

NHS Digital is the national provider of data relating to health and social care in England.
OHCAO used the NHS Digital list cleaning and patient status service. The list cleaning
service was used to validate submitted demographic data to ensure accuracy and
improve data linkage outcomes. Validation was achieved by NHS Digital matching
submitted demographic variables to NHS patient demographic data held on the PDS
database. The PDS database is a national electronic database containing NHS patient
demographic information, including NHS number, name and address. For each
matched case NHS Digital were asked to provide OHCAO with the following patient

demographic information: NHS number, surname, forename, and home postcode. These
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data were used to improve the percentage of missing data for these variables in the

OHCAO sample.

NHS Digital utilised both automatic and manual matching techniques, using a
combination of deterministic and probabilistic data linkage methods.2526 In
deterministic data linkage it is decided a priori what combination of patient identifiers
to match on (e.g. NHS number and DOB) and only complete agreement between records
are considered a match. In probabilistic data linkage weights are assigned to different
patient identifiers (based on their discriminatory power) to assess the probability that
two records are a match.2? Cases were initially submitted for automatic matching which
used a decision tree algorithm to provide matches. A subset of cases that failed

automatic matching were resubmitted for manual matching.

As part of the patient status service NHS Digital was also able to provide a date of death
for deceased patients. The date of death data was held in the NHS PDS database and was
sourced from ONS mortality data. OHCAO required information on deaths from 1st
January 2014 until 31st January 2015. This was utilised to calculate 30-day survival.

Where no date of death was provided the patient was categorised as alive.

ONS date of death data

ONS mortality data contains all deaths registered in England and Wales. When a person
dies a formal medical certificate of death is produced, usually by a doctor, and which
includes date of death. There is then a legal requirement for the death to be registered
with the Registrar of Births, Deaths and Marriages through the local register office. The
registration is typically performed by a close relative. The certification, and subsequent
registration, of death may be delayed if the death is referred to a coroner for
investigation (e.g. if cause of death is unknown). However, the majority of deaths in
England and Wales are registered within 5 days of the death date.2829 ONS receives
death data in electronic form directly from register offices. All data received is subject to
both initial and routine data quality and validation processes and is collected in line

with the Statistics and Registration Service Act 2007.28
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Analysis

An analysis was conducted to assess how particular demographic data points enabled
linkage with NHS PDS data and whether data linkage improved the completeness of
patient demographic data. This was done descriptively with breakdowns of data linkage
match rates for all combinations of the OHCAO demographic variables sent to NHS

Digital for data linkage.

The combined linked dataset was analysed to investigate 30-day survival rates
calculated by evaluating if patients were alive 230 calendar days from the EMS OHCA
incident date. The analysis was carried out pre and post linkage, illustrating linkage
effects. 30-day survival was calculated using OHCAO data where there was a date of
death or date discharged >30 days after the OHCA incident date. Where there was an
OHCAO date of death <30 days after the OHCA incident date or further ambulance
service data indicating the patient was deceased on the day of the OHCA incident date
(e.g. hospital code indicating patient deceased and not conveyed to hospital) the patient
was categorised as not surviving to 30 days. All other cases were categorised as
unknown for patient 30-day survival status. For the combined linked dataset, cases that
were linked to ONS mortality data were categorised as 30-day survival where there was
no date of death or where a date of death was provided that was >30 days after the
OHCA incident date. Where there was an ONS date of death <30 days after the OHCA
incident date the patient was categorised as not surviving to 30 days. Where there was a
contradiction in patient survival status between OHCAO data and ONS mortality data

then ONS mortality data superseded OHCAO data.
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RESULTS
OHCAO data cleaning process

Of the 3120 cases transferred to NHS Digital, 2070 (66.3%) were automatically matched
by the NHS Digital list cleaning algorithm while 1050 (33.7%) were not (Figure 1). 620
(19.9%) cases failing automatic matching were resubmitted for manual matching
following which 437 (14.0%) were returned having been manually matched. 430 cases
(13.8%) were not resubmitted for manual matching as there was little chance of a
match due to missing data points (252 cases only had 1 data point out of surname,
forename, DOB and home postcode and 178 cases did not have any data points). Overall,
2513 (80.5%) cases were matched of which 7 (0.2%) cases could not be released due to
the patient being lost to follow-up (1 case, reason unknown) or the patient had
registered a type 2 opt-out with NHS Digital, meaning that the patients’ personal
confidential data could not be released by NHS Digital for reasons other than their own
direct care (6 cases). 607 (19.5%) cases could not be matched due to insufficient data

for matching.

Data points required for matching through NHS Digital list cleaning

The percentage of each available demographic data point in the random sample of 3120
cases was similar to the percentage of each available demographic data point in all
28,729 cases for 2014 (Table 1). The data point determining the highest match rate was
NHS number. 100% of cases with an NHS number were matched to the PDS database
and therefore matched to ONS mortality data with 99% of cases with an NHS number
being automatically matched. However, only 31.7% of OHCAO cases had an NHS

number.
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Table 1: Total cases with each demographic data point collected by OHCAO project

NHS No. Surname Forename DOB Postcode
Total OHCAO cases with data point 9510 24,814 24,686 24,956 15,017
(% of total 28,729 cases) (33.1%) (86.4%) (85.9%) (86.9%) (52.3%)
Total OHCAO sample cases with 989 2699 2693 2700 1626
data point (% of total 3120 cases) (31.7%) (86.5%) (86.3%) (86.5%) (52.1%)
989 2506 2505 2408 1566
Total matched (100%) (92.8%) (93.0%) (89.2%) (96.3%)
Match status 979 2070 2070 2070 1364
(% of sample Auto match (99.0%) (76.7%) (76.9%) (76.6%) (83.9%)
cases with 10 436 435 338 202
specified data | Manual match (1.0%) (16.2%) (16.2%) (12.5%) (12.4%)
point) 0 193 188 292 60
No match (0.0%) (7.2%) (7.0%) (10.8%) (3.7%)

Approximately a quarter (27.8%) of the sample had all 5 data points allowing a match

to NHS PDS data (Table 2). 53.2% had 3 to 4 data points of which 93.4% and 95.7%
were matched, respectively. Of these, all with NHS numbers were matched, whilst a

combination of data points surname+forename+DOB+postcode and

surname+forename+DOB resulted in match rates of 81.6% and 89.8%. However, cases

where only 1 or 2 data points were provided were less likely to be matched (2.3% and

44.2%, respectively). 178 (5.7%) cases had no OHCAO demographic data and could not

be matched.
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Table 2: Combinations of data points required for linkage to the NHS PDS database

Number of data points
(n cases, % of total)

Combinations

N

(total 3120 cases)

Matched, 2513
(n, % of total in data
point category)

Unmatched, 607
(n, % of total in data
point category)

5
(868, 27.8%) NHS+surname+forename+DOB+postcode | 868 (100%) 0
NHS+surname+DOB+postcode 0 0
4 NHS+forename+DOB+postcode 0 0
(815, 26.1%) NHS+surname+forename+postcode 3 (0.4%) 0
NHS+surname+forename+DOB 112 (13.7%) 0
surname+forename+DOB+postcode 665 (81.6%) 35 (4.3%)
Total 780 (95.7%) 35 (4.3%)
NHS+surname+forename 1(0.1%) 0
NHS+surname+DOB 0 0
NHS+surname+postcode 0 0
3 NHS+forename+DOB 0 0
(846, 27.1%) NHS+forename+postcode 0 0
NHS+DOB+postcode 0 0
surname+forename+DOB 760 (89.8%) 44 (5.2%)
surname+forename+postcode 27 (3.2%) 11 (1.3%)
surname+DOB+postcode 1(0.1%) 1(0.1%)
forename+DOB+postcode 1(0.1%) 0
total 790 (93.4%) 56 (6.6%)
NHS+surname 0 0
NHS+forename 1(0.6%) 0
NHS+DOB 0 0
NHS+postcode 0 0
2 surname+forename 67 (42.9%) 82 (52.6%)
(156, 5.0%) surname+DOB 0 0
surname+postcode 0 2 (1.3%)
forename+DOB 0 1(0.6%)
forename+postcode 0 1(0.6%)
DOB+postcode 1(0.6%) 1(0.6%)
total 69 (44.2%) 87 (55.8%)
NHS 4 (1.6%) 0
1 surname 2 (0.8%) 18 (7.0%)
(257, 8.2%) forename 0 14 (5.4%)
DOB 0 210 (81.7%)
postcode 0 9 (3.5%)
total 6 (2.3%) 251 (97.7%)
0 (178, 5.7%) nil 0 178 (100%)
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Data improvements after NHS Digital list cleaning and provision of ONS date of

death data
Demographic improvements

After case matching, NHS Digital returned demographic data (forename, surname, NHS
number, home postcode) and ONS date of death if applicable. 1484 (47.6%) cases were
not improved for any demographic data points (Table 3). These cases were those where
complete demographic data were already collected by OHCAO (868 cases), matching
failed (607 cases) or data could not be released by NHS Digital due to the patient either
being lost to follow-up or registering a type 2 opt-out with NHS Digital (6 of the 7 cases).
All demographic data were already collected by OHCAO for 1 case out of these 7 cases
and therefore was included in the aforementioned 868 cases. Lastly, for 3 cases OHCAO
collected NHS+surname+forename+postcode and therefore these effectively could not

be improved by matching as NHS Digital were not asked to provide DOB.

Of the 2249 cases with missing data, 1636 (72.7%) cases had demographic
improvements following linkage. A quarter (25.8%) were improved by 1 demographic
data point and a further quarter (26.4%) by 2 data points. Of the 7 that were improved
by 3 data points (Table 3), OHCAO provided NHS number for 4 cases, surname for 2, and
DOB and postcode for 1.

Table 3: Number of data points added to OHCAO data after NHS Digital list cleaning

Number of demographic data Number of cases

points increased by list cleaning

0 1484 (47.6%)
1 804 (25.8%)
2 825 (26.4%)
3 7 (0.2%)

NHS Digital returned NHS numbers for 1518 (48.7%) cases in which it was not already
collected by OHCAO (supplementary Table 1). OHCAO had already collected forename
and surname in most cases (86.5% and 96.3% respectively) which were least improved

following matching.
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Survival data improvements following provision of ONS date of death data

30-day survival status (yes or no) using OHCAO data were confirmed for 1,682 (53.9%)
cases (Table 4). 30-day survival was confirmed using OHCAO data if ambulance services
provided a date of death or discharge date over 30 days after the OHCA incident date.
Linking to ONS mortality data resulted in calculation of 30-day survival status (yes or
no) for 2856 (91.5%) cases, a 37.6% improvement in 30-day survival status
confirmation. The pre-linkage 30-day survival rate was calculated as 0.4% and post-

linkage as 9.3%.

Table 4: Comparison of 30-day survival calculation pre- and post- data linkage

30-day survival
Dataset 1: OHCAO data Dataset 2: Linked OHCAO and ONS data
Yes 12 (0.4%) Yes 290 (9.3%)
No 1670 (53.5%) No 2566 (82.2%)
Unknown 1438 (46.1%) Unknown 264 (8.5%)
Total 3120 (100%) Total 3120 (100%)

Accuracy of OHCAO date of death data

In this sample OHCAO reported a date of death for 1178 (37.8%) cases from ambulance
services. In 7 (0.6%) cases death was not recorded with the ONS at the time of linkage.
Of the 1942 (62.2%) cases where OHCAO could not confirm a date of death, 248
(12.8%) were recorded as alive at the time of linkage and 1137 (58.5%) had died
according to ONS mortality data (Table 5).
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Table 5: Comparison of date of death confirmed by OHCAO and ONS data

ONS confirmed survival status Total (n, % total 3120
Dead Alive No cases)

OHCAO project yes 1114 7 57 1178 (37.8%)
date of death

. No 1137 248 557 1942 (62.2%)
provided
Totals (n, % total 3120 2251 (72.1%) 255 (8.2%) 614" (19.7%) 3120 (100%)
cases)

*includes 7 matched cases where data not provided by NHS Digital (1 patient lost to follow-up (reason

unknown), 6 patient registration of type 2 opt-out with NHS Digital).

DISCUSSION

This study demonstrates the feasibility of linking OHCAO data to NHS patient
demographic data and ONS date of death data through NHS Digital. In this sample of
3120 OHCAO cases an 80.5% match rate was achieved and this enabled provision of
registered death dates to calculate 30-day survival status. The results showed a 30-day
survival rate of 9.3%, reducing unknown survival status from 46.1% to 8.5% (Table 4).
Additionally, demographic data quality improved for 1636 (52.4%) cases, with NHS
numbers being provided for 1518 (48.7%) cases and postcodes for 942 (30.2%) cases

where this data were missing in the OHCAO database.

The variability of cardiac arrest survival across ambulance services in England has been
previously highlighted.® Where data from ambulance services does not follow a
standard procedure, data collection variability may have significant effects on data
quality and comparability between services. Increasingly, core outcome sets for specific
research areas are developed outlining minimum datasets for routine collection and
create a level of standardisation to compare studies and allow formation of meta-
analyses.30 In the field of OHCA, the Utstein guidelines have been developed.16:17
However, a study investigating the level of missing data within primary outcomes in
283 Cochrane Reviews of all areas of clinical practice found that over 50% of patient
data were missing in 18% of reviews.31 Furthermore, an analysis of 12 international

OHCA registries collection of data using Utstein templates found that although all
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registries collected core variables, there were differences in interpretation of the
template and recorded ‘unknown’ for a mean of 4.8 variables and ‘missing’ for 1.9
variables.32 Therefore minimum datasets are not sufficiently effective in reducing

missing data.

The best data point provided by ambulance services to identify cases in the UK is the
NHS number. It provides a unique identifier to resolve missing demographic data issues
if no other demographic data are provided. 100% of OHCAO cases with an NHS number
were matched to NHS PDS data, however, it was only available in a third (31.7%) of
cases (Table 1). Logistical difficulties exist in ascertaining NHS number as it may not be
available in the out-of-hospital setting. However, this study found that providing at least
3 to 4 demographic variables other than NHS number resulted in a match rate of up to
89.8%, depending on the combination and especially if forename and surname were
provided. This also allowed provision of NHS number in 48.7% of cases where it was
not collected by the OHCAO project (supplementary Table 1). If less than a threshold of
3 data points were provided, this study found a lower potential for matching (0- 44.2%,
Table 2). Our findings support previous research showing that the ability to successfully
link international OHCA databases to outcome data is dependent on the provision and
completeness of patient identifiers. For example, the Danish Cardiac Arrest Registry
was able to link to the Danish Civil Registration System to confirm 30-day survival for
100% of OHCA patients due to 100% provision of a unique Civil Registration Number.20
Conversely, a study from the United States showed limited feasibility for linking OHCA
patients to longitudinal outcomes when there was no unique patient identifiers
available and there was variability in completeness of patient demographic data,

resulting in a linkage rate of only 34.2%.33

NHS Digital list cleaning increased the number of OHCAO cases with a validated NHS
number by 1518 (48.7%) to 2507 (80.4%) cases suggesting that data linkage is a
feasible method for linking an OHCA dataset to the national mortality dataset. The
current process for ambulance services in England to confirm survival to discharge
from OHCA is challenging,1112 and utilising the NHS Digital list cleaning and patient

status service to calculate 30-day survival from OHCA may be a viable alternative. The
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results of this study also suggests the potential to utilise data linkage for further
avenues of research relating to OHCA in the UK. Data linkage can be used to follow
OHCA patients longitudinally, for example to investigate predictors of survival at 1 year,
5 years and beyond.#34 Furthermore, data linkage can be used to evaluate the complete
patient care pathway by linking to existing routinely collected hospital data sources. For
example, hospital interventions and hospital length of stay via Hospital Episode
Statistics (HES), and intensive care interventions via the Intensive Care National Audit
and Research Centre (ICNARC). NHS Digital also provided postcodes for a further 942
(30.2%) cases, which increases the potential to examine the influence of neighbourhood
characteristics, such as population density and social deprivation, on OHCA incidence,

whether an event is witnessed, and if they receive bystander CPR.3536

The OHCAO project was able to collect a date of death for 1178 (37.8%) cases.
Interestingly, a date of death was not recorded with the ONS for 7 of these cases
indicating that the patients were still alive at the time of linkage. Such errors may lead
to incorrect reporting of cardiac arrest survival as part of the NHS England AQIs. This is
an important finding as this shows the importance of data linkage to correct database

€rrors.

This study’s strengths lie in its standardised procedures for OHCA case definition and
data collection, with the data points collected based on established Utstein guidelines.16
A further strength is that NHS Digital used both deterministic and probabilistic data
linkage methods; they have different strengths and utilising both methods may enhance
linkage performance.3” Deterministic linkage methods have greater specificity but
require exact matches between records, whilst probabilistic data linkage has greater
sensitivity, working better with poorer quality data as it allows imperfect matches
between records.?’ For example, the returned demographic data for the linked cases
showed that 14 OHCAO cases with between 4 and 5 data points were linked despite
having an erroneous NHS number. This allowed correction of the inaccurate NHS
number in the OHCAO sample. Finally, successful data linkage enabled access to high
quality national date of death data from ONS that is subject to rigorous data quality and

validation processes.?8 Where no date of death was provided the patient was
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categorised as alive. Absence of recorded death may mean registration of death has
been delayed e.g. due to a coroner’s inquest. However, NHS Digital did not commence
data linkage until >12 months (March 2016) after the date (31st January 2015) where
30-day survival could be calculated for patients in the sample suffering an OHCA on 31st
December 2014. ONS data for 2014-2015 shows that only 6.1% of deaths in England
and Wales required a coroner’s inquest?® and the average time of an inquest was 24
weeks.3839 Whilst data from 2011 showed that overall 94% of deaths were registered
within one month.2? This suggests it is likely that ONS mortality data provided an

accurate reflection of 30-day survival status in this study.

Limitations

This study had several limitations. Firstly, only 868 (27.8%) cases had all 5 OHCAO data
points, whilst 178 (5.7%) cases had missing data for all OHCAO data points. Missing
datais an issue in OHCA registries,32 and improved data linkage in the OHCAO project is
reliant on improved data capture of patient demographic data by ambulance services.
Whilst NHS numbers were provided for only 989 (31.7%) OHCAO cases, one ambulance
service provided NHS numbers for 100% of their cases. This suggests potential for the
OHCAO project to work with ambulance services to increase provision of patient
demographic data to improve data linkage. Secondly, following linkage 30-day survival
status remained unknown for 264 (8.5%) cases. Data not missing completely at random
can bias results.*? For example, if those 264 patients survived to 30 days the overall 30-
day survival rate would be 17.8% (584 cases) instead of 9.3% (290 cases). Finally,
where the quality and completeness of data is variable data linkage errors can occur,
which can bias reported outcomes.#! Deterministic data linkage methods increase the
likelihood of false negative matches (not matching to a correct match), whilst
probabilistic data linkage increases the likelihood of false positive matches (matching to
an incorrect match).2” To quantify how data linkage errors may impact on study
findings and outcomes a formal data linkage validation evaluation is required.18 This
was beyond the scope of this study but should be conducted if OHCAO establishes a data

linkage programme.
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CONCLUSIONS

This study shows the feasibility of linking data from the UK OHCAO project to NHS
patient demographic and ONS date of death data using the NHS Digital list cleaning and
patient status service. This enabled analysis of 30-day survival status which may be of
use to the NHS in terms of resource planning and directing service provision. Missing
NHS numbers are a significant obstacle to successful data linkage and this study found
that if at least forename and surname is collected with one other demographic data
point, there is a high chance of retrieving missing NHS numbers. Demographic data
were improved for over half of cases and can be used as a means of creating a registry of

OHCA patients to investigate post-resuscitation care and longitudinal outcomes.
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Figure 1: Data matching process linking OHCAO data with NHS PDS data through the NHS Digital

list cleaning and patient status service
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SUPPLEMENTARY DATA

Table 1: Specific data points increased following linkage
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10 Data point Number increased by linkage
11 (n, % of total cases)

12 NHS 1518 (48.7%)

13 Surname 7 (0.2%)

Forename 8 (0.3%)

16 Postcode 942 (30.2%)
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ABSTRACT

Objectives: The Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project aims to
understand the epidemiology and outcomes of out-of-hospital cardiac arrests (OHCA)
across the UK. This data linkage study is a sub-project of OHCAO. The aim was to
establish the feasibility of linking OHCAO data to National Health Service (NHS) patient
demographic data and Office for National Statistics (ONS) date of death data held on the
NHS Personal Demographics Service (PDS) database to improve OHCAO demographic
data quality and enable analysis of 30-day survival from OHCA.

Design and setting: Data were collected from 15t January 2014 to 315t December 2014
as part of a prospective, observational study of OHCA attended by ten English NHS
Ambulance Services. 28,729 OHCA cases had resuscitation attempted by Emergency
Medical Services and were included in the study. Data linkage was carried out using a
data linkage service provided by NHS Digital, a national provider of health-related data.
To assess data linkage feasibility a random sample of 3120 cases was selected. The
sample was securely transferred to NHS Digital to be matched using OHCAO patient
demographic data to return previously missing demographic data and provide ONS date

of death data.

Results: A total of 2513 (80.5%) OHCAO cases were matched to patients in the NHS PDS
database. Using the linkage process, missing demographic data were retrieved for 1636
(72.7%) out of 2249 OHCAO cases that had previously incomplete demographic data.
Returned ONS date of death data allowed analysis of 30-day survival status. The results
showed a 30-day survival rate of 9.3%, reducing unknown survival status from 46.1%

to 8.5%.

Conclusions: In this sample, data linkage between the OHCAO registry and NHS PDS
database was shown to be feasible, improving demographic data quality and allowing

analysis of 30-day survival status.
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ARTICLE SUMMARY

Strengths and limitations of this study

guidelines.
through a list cleaning and patient status service provided by NHS Digital.
date of death data allowed calculation of 30-day survival status.

= Provision of NHS numbers from OHCAO and NHS digital provides potential for

following long-term survival outcomes in OHCA patients through data linkage.

data by ambulance services.

= Data points collected as part of the OHCAO project were based on established Utstein

= The quality of demographic data collected by the OHCAO project was first improved

= Following list cleaning, exact data matches with Office for National Statistics (ONS)

= Improved data linkage is reliant on improved data capture of patient demographic

INTRODUCTION

Every year in the United Kingdom (UK) there are around 60,000 out-of-hospital cardiac
arrests (OHCA) attended by Emergency Medical Services (EMS) of which approximately
28,000 have resuscitation attempted.2 This group suffers significant mortality and
morbidity,34 and improving outcomes from OHCA remains a worldwide research

priority.5

Collecting high quality data is essential as this forms the basis of decisions that
ultimately impact on changes in care and healthcare resource allocation. Since 2011,
survival to hospital discharge rates for OHCA have been reported as part of the National
Health Service (NHS) England Ambulance Quality Indictors (AQIs), with significant
variation reported ranging from 2.2% to 12.0%.6 Regional variation in survival rates
have also been observed worldwide.”-? Lilford et al highlighted that an important source
of variation in reporting outcomes can be traced to the quality of data that results are
based on.19 Collecting survival to discharge data in England is a challenging process for

ambulance services as it involves tracking the patients survival status directly with
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hospital emergency departments, which is time consuming and can be hindered by

governance issues.11,12

Data collected in international OHCA registries enables comparisons of OHCA
epidemiology and outcomes across different EMS systems.13-15 The Utstein guidelines
provide a structured template for collecting data on OHCA processes to support such
comparisons.1¢ To facilitate ease of reporting the updated Utstein guidelines
recommend collecting either 30-day survival or survival to hospital discharge as a core
outcome.l” The research literature suggests most international registries are able to
report either of these OHCA outcome measures.13-15 A recent example is the EuReCa
ONE study which aimed to benchmark OHCA incidence, process and outcomes across 27
European countries and reported a combined survival to discharge or 30-day survival

rate which ranged between 1.1% and 30.8%.15

Data linkage methodology has increasingly been used in medical research to establish
outcomes. It involves linking information together from different sources that belong to
the same individual.18 Data linkage has been utilised by regional and national OHCA
databases to confirm survival status through linkage with mortality databases.*19:20
Data linkage can address missing data issues, providing a centralised, high quality
database for research and service appraisal with the potential to allow longitudinal

surveillance of OHCA patients.

The Out-of-Hospital Cardiac Arrest Outcomes (OHCAO) project is funded by the
Resuscitation Council (UK), British Heart Foundation and managed by the University of
Warwick. It is a prospective observational study investigating the epidemiology and
outcomes of OHCA patients across the UK.2122 This paper presents a sub-project of the
OHCAO project aiming to establish the feasibility of linking OHCAO registry data to NHS
patient demographic data and Office for National Statistics (ONS) mortality data
through the NHS Digital list cleaning and patient status service.
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METHODS
Setting

The OHCAO project established a national UK OHCA registry to collect process and
outcome data to facilitate OHCA research and quality improvement. Detailed
information about the OHCAO project is available in the study protocol.21 The ten
English NHS ambulance services collecting data for the OHCAO project cover
approximately 54 million people, equating to 99.7% of the England population and
83.9% of the UK population.23 Data were collected from 1st January 2014 to 31st
December 2014 on 28,729 patients suffering OHCA in whom resuscitation was
attempted by statutory EMS (an incidence rate of 53.2 per 100,000 of the English
population).22 This figure was reached after excluding individuals who achieved ROSC
before arrival of EMS (n=1711) and where resuscitation was not attempted as per
national guidelines?# due to the presence of a do not attempt resuscitation order
(n=387), or signs incompatible with life or where resuscitation attempts would be futile

(n=5403).

Aims & Objectives

The overall aim of this project was to investigate the feasibility of linking a sample of
OHCAO 2014 data to NHS patient demographic data and ONS date of death data held on
the NHS Personal Demographics Service (PDS) database, using the NHS Digital list
cleaning and patient status service, to improve OHCAO demographic data quality and
allow calculation of 30-day survival from OHCA. The objectives were to (1) assess the
match rate of combinations of OHCAO patient demographic variables in the sample
(NHS number, surname, forename, date of birth (DOB), and home postcode) for linking
to the NHS PDS database through NHS Digital list cleaning; (2) assess improvements in
the completeness of OHCAO patient demographic variables through NHS Digital list
cleaning; (3) create a linked OHCAO and NHS PDS database allowing analysis of 30-day

survival from OHCA.

OHCAO project data collection
Core and supplemental Utstein variables were collected encompassing demographic,

system, process and outcome data.l¢ Each ambulance service has their own methods for

5
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OHCA case ascertainment e.g. electronic searches of patient report form databases for
diagnostic codes indicating cardiac arrest. A trained member of the ambulance service
clinical audit team entered eligible cases into a cardiac arrest database, followed by data
cleaning and verification processes. Survival to hospital discharge data was collected
directly from hospitals by the clinical audit team if data sharing protocols were in place.
Each ambulance service uploaded their data via a secure server to the OHCAO registry

which is stored at the University of Warwick.

OHCAO data sample

To assess feasibility whilst minimising costs associated with data linkage, the analysis
presented here represents a 10.9% sample of the 2014 OHCAO data, comprising 3120
OHCA patients. To avoid selection bias the sample was selected using simple random

sampling and stratified by ambulance service.

OHCAO data linkage to ONS mortality data

OHCAO to NHS PDS data linkage approval was received after submitting an application
to the NHS Digital Data Access Request Service; additional approval was obtained from
ONS for the release of mortality data. OHCAO submitted 3120 cases to NHS Digital, via
the NHS Digital secure transfer system, detailing the following patient demographic
variables of varying completeness: NHS number, surname, forename, DOB and home

postcode.

NHS Digital is the national provider of data relating to health and social care in England.
OHCAO used the NHS Digital list cleaning and patient status service. The list cleaning
service was used to validate submitted demographic data to ensure accuracy and
improve data linkage outcomes. Validation was achieved by NHS Digital matching
submitted demographic variables to NHS patient demographic data held on the PDS
database. The PDS database is a national electronic database containing NHS patient
demographic information, including NHS number, name and address. For each
matched case NHS Digital were asked to provide OHCAO with the following patient

demographic information: NHS number, surname, forename, and home postcode. These
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data were used to improve the percentage of missing data for these variables in the

OHCAO sample.

NHS Digital utilised both automatic and manual matching techniques, using a
combination of deterministic and probabilistic data linkage methods.2526 In
deterministic data linkage it is decided a priori what combination of patient identifiers
to match on (e.g. NHS number and DOB) and only complete agreement between records
are considered a match. In probabilistic data linkage weights are assigned to different
patient identifiers (based on their discriminatory power) to assess the probability that
two records are a match.2? Cases were initially submitted for automatic matching which
used a decision tree algorithm to provide matches. A subset of cases that failed

automatic matching were resubmitted for manual matching.

As part of the patient status service NHS Digital was also able to provide a date of death
for deceased patients. The date of death data was held in the NHS PDS database and was
sourced from ONS mortality data. OHCAO required information on deaths from 1st
January 2014 until 31st January 2015. This was utilised to calculate 30-day survival.

Where no date of death was provided the patient was categorised as alive.

ONS date of death data

ONS mortality data contains all deaths registered in England and Wales. When a person
dies a formal medical certificate of death is produced, usually by a doctor, and which
includes date of death. There is then a legal requirement for the death to be registered
with the Registrar of Births, Deaths and Marriages through the local register office. The
registration is typically performed by a close relative. The certification, and subsequent
registration, of death may be delayed if the death is referred to a coroner for
investigation (e.g. if cause of death is unknown). However, the majority of deaths in
England and Wales are registered within 5 days of the death date.2829 ONS receives
death data in electronic form directly from register offices. All data received is subject to
both initial and routine data quality and validation processes and is collected in line

with the Statistics and Registration Service Act 2007.28
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Analysis

An analysis was conducted to assess how particular demographic data points enabled
linkage with NHS PDS data and whether data linkage improved the completeness of
patient demographic data. This was done descriptively with breakdowns of data linkage
match rates for all combinations of the OHCAO demographic variables sent to NHS

Digital for data linkage.

The combined linked dataset was analysed to investigate 30-day survival rates
calculated by evaluating if patients were alive 230 calendar days from the EMS OHCA
incident date. The analysis was carried out pre and post linkage, illustrating linkage
effects. 30-day survival was calculated using OHCAO data where there was a date of
death or date discharged >30 days after the OHCA incident date. Where there was an
OHCAO date of death <30 days after the OHCA incident date or further ambulance
service data indicating the patient was deceased on the day of the OHCA incident date
(e.g. hospital code indicating patient deceased and not conveyed to hospital) the patient
was categorised as not surviving to 30 days. All other cases were categorised as
unknown for patient 30-day survival status. For the combined linked dataset, cases that
were linked to ONS mortality data were categorised as 30-day survival where there was
no date of death or where a date of death was provided that was >30 days after the
OHCA incident date. Where there was an ONS date of death <30 days after the OHCA
incident date the patient was categorised as not surviving to 30 days. Where there was a
contradiction in patient survival status between OHCAO data and ONS mortality data

then ONS mortality data superseded OHCAO data.
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RESULTS
OHCAO data cleaning process

Of the 3120 cases transferred to NHS Digital, 2070 (66.3%) were automatically matched
by the NHS Digital list cleaning algorithm while 1050 (33.7%) were not (Figure 1). 620
(19.9%) cases failing automatic matching were resubmitted for manual matching
following which 437 (14.0%) were returned having been manually matched. 430 cases
(13.8%) were not resubmitted for manual matching as there was little chance of a
match due to missing data points (252 cases only had 1 data point out of surname,
forename, DOB and home postcode and 178 cases did not have any data points). Overall,
2513 (80.5%) cases were matched of which 7 (0.2%) cases could not be released due to
the patient being lost to follow-up (1 case, reason unknown) or the patient had
registered a type 2 opt-out with NHS Digital, meaning that the patients’ personal
confidential data could not be released by NHS Digital for reasons other than their own
direct care (6 cases). 607 (19.5%) cases could not be matched due to insufficient data

for matching.

Data points required for matching through NHS Digital list cleaning

The percentage of each available demographic data point in the random sample of 3120
cases was similar to the percentage of each available demographic data point in all
28,729 cases for 2014 (Table 1). The data point determining the highest match rate was
NHS number. 100% of cases with an NHS number were matched to the PDS database
and therefore matched to ONS mortality data with 99% of cases with an NHS number
being automatically matched. However, only 31.7% of OHCAO cases had an NHS

number.
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Table 1: Total cases with each demographic data point collected by OHCAO project

NHS No. Surname Forename DOB Postcode
Total OHCAO cases with data point 9510 24,814 24,686 24,956 15,017
(% of total 28,729 cases) (33.1%) (86.4%) (85.9%) (86.9%) (52.3%)
Total OHCAO sample cases with 989 2699 2693 2700 1626
data point (% of total 3120 cases) (31.7%) (86.5%) (86.3%) (86.5%) (52.1%)
989 2506 2505 2408 1566
Total matched (100%) (92.8%) (93.0%) (89.2%) (96.3%)
Match status 979 2070 2070 2070 1364
(% of sample Auto match (99.0%) (76.7%) (76.9%) (76.6%) (83.9%)
cases with 10 436 435 338 202
specified data | Manual match (1.0%) (16.2%) (16.2%) (12.5%) (12.4%)
point) 0 193 188 292 60
No match (0.0%) (7.2%) (7.0%) (10.8%) (3.7%)

Approximately a quarter (27.8%) of the sample had all 5 data points allowing a match

to NHS PDS data (Table 2). 53.2% had 3 to 4 data points of which 93.4% and 95.7%
were matched, respectively. Of these, all with NHS numbers were matched, whilst a

combination of data points surname+forename+DOB+postcode and

surname+forename+DOB resulted in match rates of 81.6% and 89.8%. However, cases

where only 1 or 2 data points were provided were less likely to be matched (2.3% and

44.2%, respectively). 178 (5.7%) cases had no OHCAO demographic data and could not

be matched.
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Table 2: Combinations of data points required for linkage to the NHS PDS database

Number of data points
(n cases, % of total)

Combinations

N

(total 3120 cases)

Matched, 2513
(n, % of total in data
point category)

Unmatched, 607
(n, % of total in data
point category)

5
(868, 27.8%) NHS+surname+forename+DOB+postcode | 868 (100%) 0
NHS+surname+DOB+postcode 0 0
4 NHS+forename+DOB+postcode 0 0
(815, 26.1%) NHS+surname+forename+postcode 3 (0.4%) 0
NHS+surname+forename+DOB 112 (13.7%) 0
surname+forename+DOB+postcode 665 (81.6%) 35 (4.3%)
Total 780 (95.7%) 35 (4.3%)
NHS+surname+forename 1(0.1%) 0
NHS+surname+DOB 0 0
NHS+surname+postcode 0 0
3 NHS+forename+DOB 0 0
(846, 27.1%) NHS+forename+postcode 0 0
NHS+DOB+postcode 0 0
surname+forename+DOB 760 (89.8%) 44 (5.2%)
surname+forename+postcode 27 (3.2%) 11 (1.3%)
surname+DOB+postcode 1(0.1%) 1(0.1%)
forename+DOB+postcode 1(0.1%) 0
total 790 (93.4%) 56 (6.6%)
NHS+surname 0 0
NHS+forename 1(0.6%) 0
NHS+DOB 0 0
NHS+postcode 0 0
2 surname+forename 67 (42.9%) 82 (52.6%)
(156, 5.0%) surname+DOB 0 0
surname+postcode 0 2 (1.3%)
forename+DOB 0 1(0.6%)
forename+postcode 0 1(0.6%)
DOB+postcode 1(0.6%) 1(0.6%)
total 69 (44.2%) 87 (55.8%)
NHS 4 (1.6%) 0
1 surname 2 (0.8%) 18 (7.0%)
(257, 8.2%) forename 0 14 (5.4%)
DOB 0 210 (81.7%)
postcode 0 9 (3.5%)
total 6 (2.3%) 251 (97.7%)
0 (178, 5.7%) nil 0 178 (100%)
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Data improvements after NHS Digital list cleaning and provision of ONS date of

death data
Demographic improvements

After case matching, NHS Digital returned demographic data (forename, surname, NHS
number, home postcode) and ONS date of death if applicable. 1484 (47.6%) cases were
not improved for any demographic data points (Table 3). These cases were those where
complete demographic data were already collected by OHCAO (868 cases), matching
failed (607 cases) or data could not be released by NHS Digital due to the patient either
being lost to follow-up or registering a type 2 opt-out with NHS Digital (6 of the 7 cases).
All demographic data were already collected by OHCAO for 1 case out of these 7 cases
and therefore was included in the aforementioned 868 cases. Lastly, for 3 cases OHCAO
collected NHS+surname+forename+postcode and therefore these effectively could not

be improved by matching as NHS Digital were not asked to provide DOB.

Of the 2249 cases with missing data, 1636 (72.7%) cases had demographic
improvements following linkage. A quarter (25.8%) were improved by 1 demographic
data point and a further quarter (26.4%) by 2 data points. Of the 7 that were improved
by 3 data points (Table 3), OHCAO provided NHS number for 4 cases, surname for 2, and
DOB and postcode for 1.

Table 3: Number of data points added to OHCAO data after NHS Digital list cleaning

Number of demographic data Number of cases

points increased by list cleaning

0 1484 (47.6%)
1 804 (25.8%)
2 825 (26.4%)
3 7 (0.2%)

NHS Digital returned NHS numbers for 1518 (48.7%) cases in which it was not already
collected by OHCAO (supplementary Table 1). OHCAO had already collected forename
and surname in most cases (86.5% and 96.3% respectively) which were least improved

following matching.

12
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Survival data improvements following provision of ONS date of death data

30-day survival status (yes or no) using OHCAO data were confirmed for 1,682 (53.9%)
cases (Table 4). 30-day survival was confirmed using OHCAO data if ambulance services
provided a date of death or discharge date over 30 days after the OHCA incident date.
Linking to ONS mortality data resulted in calculation of 30-day survival status (yes or
no) for 2856 (91.5%) cases, a 37.6% improvement in 30-day survival status
confirmation. The pre-linkage 30-day survival rate was calculated as 0.4% and post-

linkage as 9.3%.

Table 4: Comparison of 30-day survival calculation pre- and post- data linkage

30-day survival
Dataset 1: OHCAO data Dataset 2: Linked OHCAO and ONS data
Yes 12 (0.4%) Yes 290 (9.3%)
No 1670 (53.5%) No 2566 (82.2%)
Unknown 1438 (46.1%) Unknown 264 (8.5%)
Total 3120 (100%) Total 3120 (100%)

Accuracy of OHCAO date of death data

In this sample OHCAO reported a date of death for 1178 (37.8%) cases from ambulance
services. In 7 (0.6%) cases death was not recorded with the ONS at the time of linkage.
Of the 1942 (62.2%) cases where OHCAO could not confirm a date of death, 248
(12.8%) were recorded as alive at the time of linkage and 1137 (58.5%) had died
according to ONS mortality data (Table 5).
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Table 5: Comparison of date of death confirmed by OHCAO and ONS data

ONS confirmed survival status Total (n, % total 3120
Dead Alive No cases)

OHCAO project yes 1114 7 57 1178 (37.8%)
date of death

. No 1137 248 557 1942 (62.2%)
provided
Totals (n, % total 3120 2251 (72.1%) 255 (8.2%) 614" (19.7%) 3120 (100%)
cases)

*includes 7 matched cases where data not provided by NHS Digital (1 patient lost to follow-up (reason

unknown), 6 patient registration of type 2 opt-out with NHS Digital).

DISCUSSION

This study demonstrates the feasibility of linking OHCAO data to NHS patient
demographic data and ONS date of death data through NHS Digital. In this sample of
3120 OHCAO cases an 80.5% match rate was achieved and this enabled provision of
registered death dates to calculate 30-day survival status. The results showed a 30-day
survival rate of 9.3%, reducing unknown survival status from 46.1% to 8.5% (Table 4).
Additionally, demographic data quality improved for 1636 (52.4%) cases, with NHS
numbers being provided for 1518 (48.7%) cases and postcodes for 942 (30.2%) cases

where this data were missing in the OHCAO database.

The variability of cardiac arrest survival across ambulance services in England has been
previously highlighted.® Where data from ambulance services does not follow a
standard procedure, data collection variability may have significant effects on data
quality and comparability between services. Increasingly, core outcome sets for specific
research areas are developed outlining minimum datasets for routine collection and
create a level of standardisation to compare studies and allow formation of meta-
analyses.30 In the field of OHCA, the Utstein guidelines have been developed.16:17
However, a study investigating the level of missing data within primary outcomes in
283 Cochrane Reviews of all areas of clinical practice found that over 50% of patient
data were missing in 18% of reviews.31 Furthermore, an analysis of 12 international

OHCA registries collection of data using Utstein templates found that although all
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registries collected core variables, there were differences in interpretation of the
template and recorded ‘unknown’ for a mean of 4.8 variables and ‘missing’ for 1.9
variables.32 Therefore minimum datasets are not sufficiently effective in reducing

missing data.

The best data point provided by ambulance services to identify cases in the UK is the
NHS number. It provides a unique identifier to resolve missing demographic data issues
if no other demographic data are provided. 100% of OHCAO cases with an NHS number
were matched to NHS PDS data, however, it was only available in a third (31.7%) of
cases (Table 1). Logistical difficulties exist in ascertaining NHS number as it may not be
available in the out-of-hospital setting. However, this study found that providing at least
3 to 4 demographic variables other than NHS number resulted in a match rate of up to
89.8%, depending on the combination and especially if forename and surname were
provided. This also allowed provision of NHS number in 48.7% of cases where it was
not collected by the OHCAO project (supplementary Table 1). If less than a threshold of
3 data points were provided, this study found a lower potential for matching (0- 44.2%,
Table 2). Our findings support previous research showing that the ability to successfully
link international OHCA databases to outcome data is dependent on the provision and
completeness of patient identifiers. For example, the Danish Cardiac Arrest Registry
was able to link to the Danish Civil Registration System to confirm 30-day survival for
100% of OHCA patients due to 100% provision of a unique Civil Registration Number.20
Conversely, a study from the United States showed limited feasibility for linking OHCA
patients to longitudinal outcomes when there was no unique patient identifiers
available and there was variability in completeness of patient demographic data,

resulting in a linkage rate of only 34.2%.33

NHS Digital list cleaning increased the number of OHCAO cases with a validated NHS
number by 1518 (48.7%) to 2507 (80.4%) cases suggesting that data linkage is a
feasible method for linking an OHCA dataset to the national mortality dataset. The
current process for ambulance services in England to confirm survival to discharge
from OHCA is challenging,1112 and utilising the NHS Digital list cleaning and patient

status service to calculate 30-day survival from OHCA may be a viable alternative. The
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results of this study also suggests the potential to utilise data linkage for further
avenues of research relating to OHCA in the UK. Data linkage can be used to follow
OHCA patients longitudinally, for example to investigate predictors of survival at 1 year,
5 years and beyond.#34 Furthermore, data linkage can be used to evaluate the complete
patient care pathway by linking to existing routinely collected hospital data sources. For
example, hospital interventions and hospital length of stay via Hospital Episode
Statistics (HES), and intensive care interventions via the Intensive Care National Audit
and Research Centre (ICNARC). NHS Digital also provided postcodes for a further 942
(30.2%) cases, which increases the potential to examine the influence of neighbourhood
characteristics, such as population density and social deprivation, on OHCA incidence,

whether an event is witnessed, and if they receive bystander CPR.3536

The OHCAO project was able to collect a date of death for 1178 (37.8%) cases.
Interestingly, a date of death was not recorded with the ONS for 7 of these cases
indicating that the patients were still alive at the time of linkage. Such errors may lead
to incorrect reporting of cardiac arrest survival as part of the NHS England AQIs. This is
an important finding as this shows the importance of data linkage to correct database

€rrors.

This study’s strengths lie in its standardised procedures for OHCA case definition and
data collection, with the data points collected based on established Utstein guidelines.16
A further strength is that NHS Digital used both deterministic and probabilistic data
linkage methods; they have different strengths and utilising both methods may enhance
linkage performance.3” Deterministic linkage methods have greater specificity but
require exact matches between records, whilst probabilistic data linkage has greater
sensitivity, working better with poorer quality data as it allows imperfect matches
between records.?’ For example, the returned demographic data for the linked cases
showed that 14 OHCAO cases with between 4 and 5 data points were linked despite
having an erroneous NHS number. This allowed correction of the inaccurate NHS
number in the OHCAO sample. Finally, successful data linkage enabled access to high
quality national date of death data from ONS that is subject to rigorous data quality and

validation processes.28
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Limitations

This study had several limitations. Firstly, only 868 (27.8%) cases had all 5 OHCAO data
points, whilst 178 (5.7%) cases had missing data for all OHCAO data points. Missing
data is an issue in OHCA registries,32 and improved data linkage in the OHCAO project is
reliant on improved data capture of patient demographic data by ambulance services.
Whilst NHS numbers were provided for only 989 (31.7%) OHCAO cases, one ambulance
service provided NHS numbers for 100% of their cases. This suggests potential for the
OHCAO project to work with ambulance services to increase provision of patient
demographic data to improve data linkage. Secondly, following linkage 30-day survival
status remained unknown for 264 (8.5%) cases. Data not missing completely at random
can bias results.38 For example, if those 264 patients survived to 30 days the overall 30-
day survival rate would be 17.8% (584 cases) instead of 9.3% (290 cases). Thirdly,
where no date of death was provided, cases were categorised as alive. However,
absence of recorded death may mean registration of death has been delayed e.g. due to
a coroner’s inquest. Although it should also be noted that NHS Digital did not commence
data linkage until >12 months (March 2016) after the date (31st January 2015) where
30-day survival could be calculated for patients in the sample suffering an OHCA on 31st
December 2014. ONS data for 2014-2015 shows that only 6.1% of deaths in England
and Wales required a coroner’s inquest?8 and the average time of an inquest was 24
weeks.3940 Furthermore, ONS data from 2011 reports that overall 94% of deaths were
registered within one month.2° Finally, where the quality and completeness of data is
variable data linkage errors can occur, and which can bias reported outcomes.#!
Deterministic data linkage methods increase the likelihood of false negative matches
(not matching to a correct match), whilst probabilistic data linkage increases the
likelihood of false positive matches (matching to an incorrect match).2” To quantify how
data linkage errors may impact on study findings and outcomes a formal data linkage
validation evaluation is required.!8 This was beyond the scope of this study but should

be conducted if OHCAO establishes a data linkage programme.

CONCLUSIONS
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This study shows the feasibility of linking data from the UK OHCAO project to NHS
patient demographic and ONS date of death data using the NHS Digital list cleaning and
patient status service. This enabled analysis of 30-day survival status which may be of
use to the NHS in terms of resource planning and directing service provision. Missing
NHS numbers are a significant obstacle to successful data linkage and this study found
that if at least forename and surname is collected with one other demographic data
point, there is a high chance of retrieving missing NHS numbers. Demographic data
were improved for over half of cases and can be used as a means of creating a registry of

OHCA patients to investigate post-resuscitation care and longitudinal outcomes.
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Figure 1: Data matching process linking OHCAO data with NHS PDS data through the NHS Digital

list cleaning and patient status service
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SUPPLEMENTARY DATA

Table 1: Specific data points increased following linkage
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10 Data point Number increased by linkage
11 (n, % of total cases)

12 NHS 1518 (48.7%)

13 Surname 7 (0.2%)

Forename 8 (0.3%)

16 Postcode 942 (30.2%)
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Statistical 12 (a) Describe all statistical (a) Page 8
methods methods, including those used
to control for confounding

(b) Describe any methods used
to examine subgroups and
interactions

(c) Explain how missing data
were addressed

(d) Cohort study - If
applicable, explain how loss to
follow-up was addressed
Case-control study - If
applicable, explain how
matching of cases and controls
was addressed

Cross-sectional study - If
applicable, describe analytical
methods taking account of
sampling strategy

(e) Describe any sensitivity

analyses
Data access . RECORD 12.1: Authors should (12.1) Pages 6 - 7
and cleaning describe the extent to which the (12.2) Page 5
methods investigators had access to the

database population used to create
the study population.
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: RECORD 12.2: Authors should

3 provide information on the data

4 cleaning methods used in the study.
5 Linkage RECORD 12.3: State whether the (12.3) Pages 6 - 7
6 study included person-level,

; institutional-level, or other data

9 linkage across two or more

10 databases. The methods of linkage
11 and methods of linkage quality

12 evaluation should be provided.

ﬁ Results

15 Participants 13 (@) Report the numbers of (a) Page 9 RECORD 13.1: Describe in detail (13.1) Page 9
16 individuals at each stage of the | (b) Page 9 the selection of the persons included
17 study (e.g., numbers potentially | (¢) Page 9 in the study (i.e., study population
18 eligible, examined for selection) including filtering based
19 L . .. . o e

20 _ellglblllty_, confirmed eligible, on data quality, dat_a avall_ablllty and
21 included in the study, linkage. The selection of included
22 completing follow-up, and persons can be described in the text
23 analysed) and/or by means of the study flow
24 (b) Give reasons for non- diagram.

32 participation at each stage.

27 (c) Consider use of a flow

28 diagram

29 Descriptive 14 (a) Give characteristics of (@) N/A

30 | data study participants (e.g., (b) Page 10

g; demographic, clinical, social) | (¢) N/A

33 and information on exposures

34 and potential confounders

35 (b) Indicate the number of

36 participants with missing data

37 for each variable of interest

gg (c) Cohort study - summarise

20 follow-up time (e.g., average

41 and total amount)

42 Outcome data | 15 Cohort study - Report numbers | Pages 13 - 14

of outcome events or summary

jg measures over time
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Case-control study - Report
numbers in each exposure
category, or summary
measures of exposure
Cross-sectional study - Report
numbers of outcome events or
summary measures

©CoO~NOUTA,WNPE

Main results 16 (a) Give unadjusted estimates (a) Pages 9 - 14
and, if applicable, confounder- | (b) N/A
adjusted estimates and their (c) N/A
precision (e.g., 95% confidence
interval). Make clear which
confounders were adjusted for
and why they were included

(b) Report category boundaries
when continuous variables
were categorized

(c) If relevant, consider
translating estimates of relative
risk into absolute risk for a
meaningful time period

Other analyses | 17 Report other analyses done— | Page 14
e.g., analyses of subgroups and
interactions, and sensitivity

analyses
Discussion
Key results 18 Summarise key results with Page 14
reference to study objectives
Limitations 19 Discuss limitations of the Page 17 RECORD 19.1: Discuss the (19.1) Pages 16 - 17
study, taking into account implications of using data that were
sources of potential bias or not created or collected to answer the
imprecision. Discuss both specific research question(s). Include
direction and magnitude of any discussion of misclassification bias,
potential bias unmeasured confounding, missing

data, and changing eligibility over
time, as they pertain to the study
being reported.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml



Page 33 of 33 BMJ Open

1 Interpretation | 20 Give a cautious overall Pages 14 - 18

5 interpretation of results

3 considering objectives,

4 limitations, multiplicity of

5 analyses, results from similar

? studies, and other relevant

8 evidence

9 Generalisabilit | 21 Discuss the generalisability Page 15

10 y (external validity) of the study

11 results

ig Other Information

14 Funding 22 Give the source of funding and | Page 19

15 the role of the funders for the

16 present study and, if

17 applicable, for the original

18 study on which the present

:zlg article is based

21 Accessibility . RECORD 22.1: Authors should (22.1) Page 20
22 of protocaol, provide information on how to

23 raw data, and access any supplemental information
24 programming such as the study protocol, raw data,
gg code or programming code.

27

28  *Reference: Benchimol El, Smeeth L, Guttmann A, Harron K, Moher D, Petersen I, Sgrensen HT, von EIm E, Langan SM, the RECORD Working
29  Committee. The REporting of studies Conducted using Observational Routinely-collected health Data (RECORD) Statement. PLoS Medicine 2015;
30 in press.

*Checklist is protected under Creative Commons Attribution (CC BY) license.
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